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Abstract

The chemistries of aviation fuels are invariablympbex due to large
hydrocarbon molecules. There are also large vanatifor a given fuel type.
Furthermore, flow timescales encountered in higtiopemance propulsion devices
increasingly lead to difficulties associated withetically controlled or influenced
phenomena such as flame stability, extinction aalight. Current indications also
suggest that fuel sources will become significantigre diverse in the future and
may, for example, encompass Fischer-Tropsch amildederived components. The
combustion properties of such fuels can vary sigaitly from those in current use
and this work outlines a route towards surrogat fuechanisms of sufficient
accuracy and generality to support the developroiptactical devices.

A reaction class based route to the derivation ethited chemical kinetic
mechanisms for alkyl-substituted aromatics is aeti and applied to the
cyclopentadiene/indene, benzene/naphthalene, w®linethyl naphthalene
systems. Work has also been extended tontpeopyl benzene system as well.
These reaction classes were applied to model tltaion of the above fuels with
encouraging results. Important reaction channetnguwxidation were identified
and specifically, the methyl groups on aromaticgsirhave been identified as
important in the context of radical scavenging.tkemmore, 1-methyl naphthalene
may also be used to modulate sooting tendenciasiation and Diesel surrogates.
Results obtained from chemical kinetic modellingcgtlopentadiene, toluene;
propyl benzene, naphthalene and 1-methyl naphtbabsidation in shock tubes,
jet-stirred and plug-flow reactors at various saftgepresentative stoichiometries

and temperatures are reported.
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Chapter 1

I ntroduction

1.1 Background

The increase in global fuel consumption over tle¢ &entury has resulted in
major socioeconomic and environmental challengeandportation and, to an
increased extent, aviation, is one of the majol é@@sumption sectors. This leads
to the need for new engines with new operatingesystthat will comply with the
environmental and energy saving directives. The ameraft engines are expected
to perform with maximum combustion efficiency aslives providing stability and
low emissions. Aromatic hydrocarbons and, to a migdser extent, polycyclic
aromatic hydrocarbons (PAH) are major componentauigent aviation fuels.

It is already known that aromatic compounds, afgarh being responsible for
soot and pollutant formation, also have carcinogand mutagenic properties [1-3].
They also contribute to the detection of aircraftsee to the associated infrared
signals produced. The aromatic components of awidtiels can also reduce the life
cycle of the combustor as it increases the radidtiwat transfer to the combustor
walls [4]. Hence, research needs to be focusseth@renergy saving aspect, on
pollution reduction and on the optimisation of tb@mbustor behaviour through
good knowledge of the chemistry of aromatic fuehponents.

The term “aviation fuel” generally implies a fuehwose energy can be used
for propulsive purposes. A typical aviation fuetBlas kerosene consists of various
classes of hydrocarbon compounds, which exhibiediht behaviours in respect of
refining processes and crude oil feedstocks [5¢ diremical composition of typical
aviation fuels can be found in Figure 1.1.

An aviation fuel can be determined by operatioregchand used either for
commercial or military service. The fuels were eleped to have good combustion

characteristics combined with good physical prapsrsuch as low temperature
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fluidity. The blends need to consist of storableddegarbon compounds. In the
1940’s, the U.S. Air Force used ‘wide-cut’ fuel, iafh was available in large
quantities at that time. Wide-cut fuels were higliblatile and were replaced by
kerosene fuels in the 1970’s (Jet A, Jet A-1 an8)J@r safety reasons [6].

However, the complexity of the jet fuels does niéiva direct simulation of
their combustion behaviour. They contain thousamidshemical compounds and
their composition also alters with time. Recentestific advances regarding
chemical modelling have provided important insighat is complementary to
experimental studies. Such detailed fuel modeltirayides a very important tool in
understanding and controlling soot growth and mtedj the overall behaviour of
the fuel. It is a necessity to represent fuel nmesuwith compositions functionally
similar to commercial aviation fuels. These mixtuege called surrogates and they
can be characterized accurately. With such modteis,also feasible to study the
combustion process in connection with the chememhposition and the fuel
properties [6]. In addition to that, the use of larggate fuel with a controlled
composition facilitates the development of compatetl codes for combustor
design.

A surrogate aviation fuel can reproduce physical eimemical properties of a
commercial aviation fuel such as heat capacityhapy, viscosity, rates of reaction
of specific ignition and oxidation behaviours. Sgate mixtures can be reproduced
computationally and experimentally. A physical sgate is a mixture that can
reproduce physical properties such as density, bapacity, volatility and a
chemical surrogate is a mixture with a chemicasleomposition that matches the
one of the real jet fuel and can reproduce chenpicgderties such as reaction rates,
ignition and sooting behaviour. A surrogate mixttirat has the same chemical and
physical properties as the real fuel is charaaerias a comprehensive surrogate
and can be expected to match diverse aspects at#hduel behaviour such the
evaporation process and the sooting tendency [7].

The current work evaluates the use of a reactiasscbased concept for the
generation of chemical mechanisms for surrogatks.flie the past, reaction classes
for higher aromatics, such as naphthalene and eydewve been defined based on
similarities with the oxidation of cyclopentadierend benzene. These were
subsequently applied to model the oxidation of énky 1-methyl naphthalene,

naphthalene anah-propyl benzene with encouraging results. The cutrmeork
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extends past efforts related to the aforementigystiems. The compounds have
been identified as important in the context of @geof surrogate fuel compositions
from gasoline to aviation fuels. Specifically, timeethyl groups, or the alkyl
branches in general, on aromatic rings (e.g. xdear& tri-methyl benzenes) have
been identified as important in the context of iigm properties and 1-methyl
naphthalene may also be used to modulate sootugneies in aviation and Diesel
surrogates. These systems therefore constitute t@ahastarting point for the
evaluation of the current approach.
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Figure 1.1 Chemical composition of typical aviatioels [8]
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1.2 Typesand Chemistries of Aviation Fuels

Aviation fuel is a mixture of hydrocarbons whoseesiis restricted by
properties such as the freezing point and disblat A kerosene type jet fuel
comprises two major classes; the paraffins and atwmatics. The molecules
typically feature 7 to 16 carbon atoms. Paraffimpounds are defined as all the
saturated compounds with a straight chain, branohegclic structures and are the
dominant components of the fuel and comprise ar@2% of the total. Aromatics
constitute the other major class of chemical compsu Aromatics promote soot
formation and are thus potentially responsible tfa reduction of the combustor
life due to the increased radiative transfer to teenbustor wall. Hence, large
concentrations are not desirable and a typicaltianiguel comprises 10-20% of
aromatic compounds per volume. Aromaticity is deditby the planar ring structure
of the molecule where thé-C bonds are shared equally with all the atoms around
the ring and each carbon atom has a p orbital.ofjh the aromatic molecules
exhibit high volumetric heating values, they resultlow heat release per unit
weight due to the lowedd/C ratios compared to saturated compounds.

The evaluation of the burning quality of an aviatimel, which depends on
the chemical class composition, may be determinadU¥ spectrophotometric
analysis of the concentration of the naphthalemepmunds and a chromatographic
analysis of the total aromatics. An example of eosfatograph of a fuel sample is
shown in Figure 1.2. The development of these cba&manalysis methods
facilitates the measurement and identificationha&f intermediates and products of
the oxidation and hence the influence of tempeeatmd pressure effects.

The composition of the jet fuel is restricted beg thoiling point and freezing
point of the chemical components. As the carbon brarmncreases, the boiling
point increases when the compounds belong to the stass. But if the compounds
with the same carbon number belong to differenssda, then the boiling point
increases by going from paraffins to cycloparaffamsl then aromatics. Similarly,
the freezing point increases with the carbon numbih the difference that
aromatics and normal paraffins freeze at higher paatures than other

hydrocarbons due to their shape that facilitatekipg into crystalline structure.
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Another critical factor is fuel density. The energgntent per unit weight

increases from aromatics to cycloparaffins and tparaffins whereas the energy

content per unit volume increases in the reverderor
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1.3 M echanism Construction and Status

A detailed chemical mechanism comprises a serieteafientary chemical reaction
steps that involve chemical species that descrdi@gaton and pyrolytic processes
associated with thermochemical and transport ptppdsmta. The construction of
such a mechanism can start from the simplest hgavogygen submechanism
involving common sub-elements of more complex mdex that compose an
aviation fuel [10]. The scheme can be expanded Wighimplementation of new
steps and species with increasing molecular weightt complexity. The
hierarchical detailed chemical mechanism constwacapproach is illustrated in

Figure 1.3.
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Figure 1.3 Hierarchical construction of a detaibbémical mechanism for jet fuels

The construction of a chemical mechanism is a eergplex task that can be
simplified with the identification of principal redon pathways and reaction classes
combined with major intermediate species that armenéd through oxidation or
pyrolysis of higher hydrocarbon molecules. Somectieas have been studied
experimentally under combustion conditions andlmaimmplemented directly in the
relevant mechanism. These reactions can also lieedtas template reaction steps
for the estimation of relevant chemical routes amdction rates of higher
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hydrocarbons by making adjustments based on maleqrbperties. Moreover,
when experimental data for reaction rates are nalable, other ways of
determining new steps and reaction rates are throluig application of collision
theory [11], qguantum mechanical methods [12] amdi-sampirical methods [13].

Once the model is constructed, it has to be evaduabder as wide a range of
conditions as possible, including data from shadles, jet-stirred reactors and plug
flow reactors for a variety of temperatures, pressand equivalence ratios.

Reaction rates that have been determined witratbeementioned methods
are utilised in the present work. The reaction steqe reversible with the reverse
rates computed from equilibrium constants. Thenttoelynamic data utilised in the
present work were obtained from Burcat and Rust4} fpnd Robinson [15]. The
detailed chemical mechanism and the thermodynaat& cbntained in the present
work are presented in Table A.1 (see Appendix A) @able B.3 (see Appendix B).
The enthalpy of formation and entropy computed @8 K for each specie are
presented in Table B.2 of Appendix B in combinatwith the molecular structure
of each species.

1.4 Mathematical Description of Reactors

The developed detailed mechanism was evaluatedafavide range of
combustion conditions featuring different devicesls as shock tubes, jet-stirred
reactors and flow reactors. The mathematical daetsen of these reactors is
presented below. A detailed discussion regarding gloverning equations is

available in the literature [16-19].
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141 Spatially Homogeneous Reactor s

Devices such as shock tubes, jet-stirred reactodspdug flow reactors or
more specifically the princeton turbulent flow reac utilized for chemical
modelling in this study are assumed to take intmant kinetic and thermodynamic
data while neglecting heat and transport effecteeVspatial transport effects are
removed, the conservation equations become a setimfary differential equations
for the species concentrations and temperature twith as the single independent
variable.

Plug flow reactors are characterized by high floates with negligible
circulation where the complete and rapid mixingnssin the fuel and the oxidizer
occurs at the inlet end of the reactor. Combustigpically takes place at
atmospheric pressure and in a temperature ran@®f.300 K. The governing

equations for spatially homogenous adiabatic reaaad isobaric flow are shown

below:
. . dy,
Conservation of Species 'OE =RM, (1.2)
. dh = &
Conservation of Enthalpy pa = —Z hRM, (1.2)
k=1
Equation of State P= 'OTRT (1.3)
Mean molecular weight M => xM, (1.4)
k=1

Species formation Source Term R =) =, {kf |_| o —K; |_| d)f}‘} (1.5)
1=1 1=1

j=1

In the above equationg,indicates the fluid density is the mixture enthalpy,

hg is the specific enthalpy of the specie¥y is the mass fraction aridy the molar
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mass fraction of specids respectively,R is the universal gas constaft,is the

temperature of the mixtureM is the mean molecular weigh, is the mole fraction

of speciek andRy is the species formation source term. In the ggesburce term
equationz is the stoichiometric coefficient for species @actionj, @ is the molar
concentration of specigsk| andk; are the forward and reverse rate constants for
reactionj and¢ is the concentration dependence for spddieseaction.

Plug flow reactors provide information on speqgesfiles over time and are
very useful in determining important details of eaction mechanism. They are
excellent tools for the examination of combustidrepomena as they examine the
pure steady state temperature dependent chemisirg the effects that are
characteristic of flames such as diffusive andate® heat transfer, turbulence and
wall quenching that complicate the understandinghef kinetic data [20]. In this
study, data obtained from the princeton turbulémivfreactor were utilized and
compared against predictions that were computederuride relevant set of
conditions. The test section of a princeton turbuldow reactor is cylindrical,
wide-diameter (10 cm) quartz tube of 1 meter lertbtht is heater-insulated (see
Figure 1.4). Through this tube, a dilute mixturefwél vapor and oxygen flow are
injected in a hot nitrogen carrier gas. A stainlste®l, water-cooled sampling probe
measures the local reaction temperature and cellgas samples along the
centerline of the quartz test section and by periog gas chromatography and
mass spectroscopy the concentrations of specieaeasured and unknown species
are also identified when necessary [21, 22]. Howetve vapor pressures of some
oxygenated species are low and are responsibleoime condensation effects on
the sampling probe that lead to significant scatiethe species profiles analysed
through gas chromatography [22]. According to Sira@d al [22] and Butler and
Glassman [23], the uncertainty in the calibrati@ctérs for aliphatic species is
approximately +5%, for monocyclic aromatics is +108ad +20% for larger
aromatics. Added to this, +5% is the uncertaintytfee oxygen measurement and
10% in the nominal equivalence ratio. Moreoveryghe also the uncertainty of the
thermocouple temperature which lies at the rang&0oK. Due to velocity profile
variabilities there is an uncertainty of +15% [23].

Plug flow reactors and shock tubes are computetgusinumerical method

based on the work of Jones and Lindstedt [17]. &teations relevant to shock
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tubes are identical to those solved by a flow @adh a shock tube simulation it is
assumed that the pressure remains constant a#teartival of the shock wave.
Shock tube temperatures typically vary from 1000tdK 3000 K and provide
significant information for high temperature reaatirates. For a plug-flow reactor,
if the data are reported as a function of distatioe trivial transformatiorfd/dt) =
u(d/dx)is used, where is the flow velocity anc is the distance along the reactor.
Plug-flow reactors vary spatially but are steadytime, whereas shock tubes are
considered to be homogeneous in space but vanyitigne [10].

Quartz Duct: D =10 cm, L = 126 cm Inert Diluent
(surrounded by heaters - not shown) Inlet (< 1%)
o e e Plasma Torch
Test Section, L = 100 cm Diffuser Section  Flow Reactor Throat, (6000-10,000 K)
L=29em Collar Section Ceramic
\ Honeycomb

————e 0’0.0.0‘

- y - e .
\ Flow Direction :0:0:0:0‘ j

S - =7 W\___ SR
/ Cylindrical Section )
/ Fuel Injector Tubes (4) P Ie;::::: T&r g‘gc“

Samoling Prob (0.1-0.3 %)
ampling Probe See Fi e
Exhaust (wa:’cr-c%)uled) (See Figure 2.2 Oxidizer Are Nitrogen
- Inlet (1-2 %) _ Inlet (10 %)
— i e

Inlet Section, L = 100 cm

(surrounded by heaters - not shown)
Cross-Seclion
of Probe Tip Thermocouple '
(Silica coated) Operating Parameters:
o N anrrier gas — 97-99%
Gas Sample Inlet o P =1aimosphere
(Water Cooled) o T =900—1200K
e Re=3000— 10,000

Figure 1.4 The princeton turbulent flow reactor][24
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Shock tubes were utilized and described in eadtadies of Burcat [25],
Vasudevaret al [26], Rao and Skinner [27], Braun-Unkheffal [28], Davidsoret
al. [29]. Shock tubes are considered as extremelplsiexperimental devices and a
schematic representation adopted from Tsang anshitaf [30] illustrates the
physical process that occurs in a shock tube amd bza seen in Figure 1.5.

According to Belford and Strehlow [31], the shdakes can be used for a wide
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range of temperatures (500 K to 12.000 K) and sesting times (18 to 10°sec).
The shock tube is considered as a long tube devidéwo sections of different
pressures by a membrane that dissapears instantiynedhis leads to the
generation of a shock wave to the low pressuraaseand a temperature increase
on the test gas due to collisions. The incidentkheave after reflection from the
end wall, produces a further increase at the teatpes of the gas. The use of the
shock tube is mostly preferred from kineticistatas easier to deduce kinetic data,
rate coefficients at high temperatures and alsoitmothe molecule or radical
concentrations during the short reaction time theturs in a shock tube [32].
Measurements within the shock tube are performedgusatomic resonance
absorption spectroscopy (ARAS), ring dye laser spscopy and laser photolysis.
In the study of Belford and Strehlow [31], the sfgrance of nonidealities in shock
tube behaviour was discussed and it was found ttnat happens due to the
formation of a boundary layer and its interactiofiis is responsible for
misenterpretation of the measurements. Errorsenré¢laction temperature can lead
to erroneous rate constants at a factor of 1.2®&ntenaty at room temperature and
atmospheric chemistry [31, 33]. Uncertainties @ tinder of £3% were estimated in
the study of Vasudevaat al [26] who measured the concentrations of the OH

radical under shock tube conditions using ring ldger.
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Jet stirred reactors are computed using a numariegthod based on the work
of Jones and Lindstedt [17]. Stirred reactors dpenander highly turbulent
conditions to achieve spatial homogeneity withire treactor. The mixing is
assumed instantaneous. The mixing region is spatiamogeneous and diffusion
phenomena can be neglected. Jet stirred reactoesally operate at temperature
below 1200 K and in a pressure range of 1-20 atme. Joverning equations for a

jet stirred reactor are shown below:

Conservation of Species ¥ _ E(Y,*( —Yk)+ R M, (1.6)
dt 1 Yo
. dh 1
Conservation of Enthalpy — ZY (h -h ) Zh RM, (1.7)
Nominal Residence Time r= % (1.8)

In the above equations the superscript * indicdles inlet conditionsg is the
nominal residence time, p/is the reactor volume and m is the mass flow rate
through the reactor.

Jet stirred reactors were described on previoudieguof Dagauet al [34]
and more recent studies of Matial [35]. According to these studies, the reactor is
made from fused silica sphere of 42 mm diametehn wihozzles of 1mm diameter
for the admission of the reactants. The fuel istdd with a nitrogen flow in order
to avoid the pyrolysis defore the injection int@ tteactor. In order to reduce heat
release and the temperature gradient, all the aetctare preheated before the
injection inside the reactor. The fuel vapors amgigen are diluted by a flow of
nitrogen and mixed at the entrance of the injectdhe pressure is constant in time.
Samples of the reacting mixtures are obtainedestdst temperature and residence
time with a low-pressure fuse-silica sonic probe&s@&hromatography and mass
spectrometry are utilized for the analysis of tamples. Jet stirred reactors result in
small uncertainties in the measurements obtainediffarent experiments. More
specifically, the measurements performed by Matal [35] in jet stirred reactor,
show a good repeatability of carbon balance of tiege of +10%. A good



38 Chapter 1

repeatability of the measurements and the carbtant@& was also achieved in the

study of Dagauet al [36] for the oxidation oh-propyl benzene.

Figure 1.6 Jet stirred reactor. Image adopted flagautet al [34] A, external tube; B,
convergent cone; C, injectors; D, spherical questictor; E, divergent cone; F, samplling
sonic probe and thermocouple probe; G, capillaryosuded by the preheating resistor
[34].

1.5 Present Contribution

The current work evaluates the use of a reactiasscbased concept for the
generation of chemical mechanisms for surrogatks fiReaction classes for higher
aromatics, such as naphthalene and indene, havededieed based on similarities
with the oxidation of cyclopentadiene and benzerige developed mechanisms
were subsequently applied to model the oxidatiotolfene,a-methyl naphthalene
and n-propyl benzene with encouraging results. The ctirreork extends past
efforts related to the aforementioned systems. cdmpounds have been identified
as important in the context of a range of surrofagé compositions from gasoline
to aviation fuels. Specifically, the methyl grougs aromatic rings (e.g. xylenes and
tri-methyl benzenes) have been identified as ingmrin the context of radical

scavenging and-methyl naphthalene may be used to modulate sotdimgencies
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in aviation and Diesel surrogates. These systeragefitre constitute a natural

starting point for the evaluation of the currenpiagach.

1.6 Thesis Outline

The structure of the thesis reflects the complegitythe aviation fuels by
developing the fuel components starting from simpienstituents. Chapter 2
describes basic chemical rate laws and the equatioat govern the chemical
model. Moreover, it is shown that gas phase reastare grouped into different
categories depending on radical generation or eétion processes.

In Chapter 3 the combustion of cyclopentadieneissussed. Pyrolysis and
oxidation cases at various fuel mixture equivalemaBos are presented and
analysed. Intermediate species concentrations @adicled and presented. New
reaction rates are applied and evaluated. Imporeagtion steps are identified and
problematic pathways are also highlighted.

In Chapter 4 the combustion of toluene is discussBaluene is the simplest
alkylated benzene compound. The pyrolysis and ¢ixidaof toluene under shock
tube conditions is presented. Principal paths @eatified and reaction rate updates
are applied. Reaction classes are also identifiedcanstitute the framework for the
development of larger alkylated aromatic compounds.

In Chapter 5 the combustion afpropyl benzene is discussed. An updated
chemical mechanism based on toluene and propamhegéesais tested, analysed and
presented. The oxidation afpropyl benzene is performed under jet-stirred m@act
conditions for low and high pressures and concgatraprofiles of important
species are presented. The toluene and propanegasalare evaluated and
extended reaction classes are identified that canapplied on larger alkyl
substituted aromatic compounds which form part e&l rand surrogate fuel
formulations.

In Chapter 6 the combustion of naphthalene is dised. Naphthalene
represents the first step in the aromatic growtdtess. A naphthalene model based

on benzene analogies is further developed, updatddvalidated under plug flow
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reactor conditions. Chemical pathways that playificant role in the aromatic
growth are identified.

In Chapter 7 the combustion of 1-methyl naphthalendiscussed. 1-Methyl
naphthalene is the bicyclic analog of toluene @adchemical model is based on
structural similarities with the latter. The moder the oxidation of 1-methyl
naphthalene is tested over a range of jet-stir@dtor conditions. A variety of fuel
mixture equivalence ratios are also tested undeg fdbw reactor conditions. Main
decomposition channels are identified and importegdaction routes for the
formation of significant intermediate species ds® presented.

In Chapter 8, the conclusions of the present woekpsesented, highlighting
the critical improvements or discrepancies encaedtevith the current models.

Suggestions for future work are also made.
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Chapter 2

Chemical Kinetics

When two or more molecules collide and produce @neore new chemical
species then a chemical reaction has occurredrder dor a chemical reaction to
occur, an energy that is equal or greater tharetieegy needed for the breakage of
bonds and the formation of new bonds is requirdak &nergy differs according to
the nature of the atoms or molecules and theiestéremical structure. The basic

laws of chemical kinetics as applied in the curreatk are discussed briefly below.

2.1 Rate Laws and Orders of Reactions

The rate of the reaction depends on a variety d@bfa such as temperature,
pressure, concentration of the reactants and ptedaed whether a catalyst is
present or not. The changes in the rates of readiie to these factors can provide
an important insight into what might happen onrtin@ecular level. The definition
of the rate law for a reaction is the time ratelwdnge in concentration of one of the
reactants or products [37]. For a general caseemidlal reaction described by the

equation

aA+bB+cC+..0f dD+eE+fF+. (2.1

where A, B, C, ...indicate the species involved ia thaction, the reaction rate that

describes the consumption of the species A caxpessed as
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QAL AT [BTCT ... 2.2
wherea, b, c, ... are reaction orders with respect tosffexies A, B, C, ... anklis
the rate coefficient of the reaction. The overaliation order is defined by the sum
of all the exponents. In some cases, the concenisabf some of the species are in
excess and do not change noticeably (e.g. [B] &y during the reaction. Hence,
an effective rate coefficient can be produced ksirtboncentrations and the rate

coefficientke = K[B] b[C]C and obtain the following simplified equation

d A a
- ] = —Keyp[ A] (2.3)

For first order reactionsx = 1 and equation (2. 3) yields a first-order

behaviour

A
In %A]]; = ~Kep(t— 1) (2. 4)

where [Ap denotes the initial concentration of A and Jthe concentration at tinte
For = 0 and exponentiating both sides of equation 2. 4

[A(t)]=[A(0)exp(-kt)] (2.5)

For second ordera(= 2) and third ordero{ = 3) reactions the equations

describing the temporal behaviour is shown below

AT AT~ enlt ) 2.6
[Al]z - [Alf = 2Ky (t—15) 2.7)

A logarithmic plot of the concentrations againsingi leads to linear

dependences with a slopeykfor the first order reactions, similarly a plot bfA];
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against time for second order reactions leadsneali dependencies with a slope

kexp.

2.2 Temperature Dependence of Rate Constants

The temperature dependency constitutes anotheor fwit provides a basis
for understanding reactions on a molecular levelteRcoefficients for chemical
reactions often depend strongly and in a nonlineay on the temperature.
Arrhenius [38] described this relationship with anrula subsequently called the

Arrhenius Rate Law,

K= Aexp[—%j (2.8)

where A is a temperature independent constantsercglled pre-exponential factor
and E is the activation energy. In some cases, a malltBenperature dependence
of the pre-exponential factor, provides a bettdr th experimental data of

computations.
b Ea
k=AT expl ——= (2.9
RT

The pre-exponential factor A is proportional to tiember of collisions per unit
volume and shows the fraction of collisions thatdhanough energy to proceed to
reaction. The activation energy, Elefines the energy barrier that the reactant
species need to overcome in order to produce newiesp (products). It actually
represents the bond energies in the molecule lmainitalso be smaller if new bonds
are formed simultaneously with the breaking of lndehds.
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2.3 Pressure Dependence of Rate Constants

For some dissociation and recombination reactibissapparent that there is a
pressure dependency which shows that these stepsoarelementary. The steps
follow a sequence of reactions that in some cases e described with the
Lindemann model [39], which states that a unimdicdecomposition is likely to
occur when there is enough energy in the moleauléréak the bond. So it is
essential to add energy to the molecule througlsmois with other molecules (M).
The collisions may achieve the required excitatddrthe molecular vibrations so
that the molecule can proceed to decompositiort oraly deactivate the molecule

through a second collision.

A+ M Q@a@» A"+ M (2. 10)
a

A" 0lo, P (products (2.11)

where A* denotes the excited molecule &gk , andk, are the rate coefficients

of activation, deactivation and unimolecular reacsi respectively. If the rate laws

are applied to the above reactions

A - T A ] 2.12)
ﬂth]:k“[A*] (2. 13)

Since A is an intermediate in the mechanism it is usefldgsume that Ais
in steady state so the net rate equation opraduction(2. 12)is equal to zero.
Hence, by solving the rate equations for @d P the following equation is

obtained.

d[P]_kik[A]M]
dt Ka|M]+k,

(2. 14)
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Under low-pressure conditions, the concentratiorMofs very low so the
production rate becomes second order and takesastmunt both the species A and
the collision partner. Under high-pressure condgi the concentration of M is

large so that the production rate becomes firsérord

S =k [A]M] @19
TR TR 216

2.4 Thermodynamics and Reaction Kinetics

All reaction in the mechanism are reversible are dfuilibrium is dynamic.

The reaction rates in both forward and reversectioles are equal at equilibrium

and for a typical reaction (2. 17) the followingpéips:

A+B=C+D (2.17)

The relationships that apply at equilibrium are

K| A
s _ f[ ]eq[ ]eq -1 (2. 18)

B
" k[CLy[DL,

kf [C}eq[ D}eq

= (2.19)
K [AleglBleg

K =Keq (2. 20)
k.

wherel; andr, are the rates of the forward and reverse reactibms subscripeq

referes to equilibrium andis the equilibrium constant. Some times it is gaisie
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measure the rate in one direction and then, viaethelibrium constant, calculate
the value of the reverse rate (2. 22). This maythee case for recombination

reactions (2. 21)

A+A=B (2. 21)
K
=_¢d
k., K (2. 22)

In order to calculate the reverse reaction rates ihecessary to know e The
equilibrium constant can be converted usng:Kp/p°(RT)'l, where fis a standard

pressure, and the standard Gibbs energy chaGge

K
AG® = —RTIan (2. 23)

AG® = AH° - TAS (2. 24)

it is obtained that

, = (k, RT)expL J exp{% ) (2. 25)

where AH°r and AS’t are the standard enthalpy and entropy of reactibn

temperature T.

2.5 Radical Reactions

Many gas-phase reactions proceed via a so-callat chechanism where the
links of the chain, the elementary reactions, apeated over and over again. Such
a mechanism involves free radical carriers, mokesubr atoms with one or more
unpaired electrons and it consists of at leastetlseps [37]. The first is the
initiation step that creates the radicals that carry thenchdiis step is generally
slow and usually involves thermal or photochemu@lsociations of a relatively
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stable reactant to form free radicals. Then, thehaeism proceeds via tlehain
propagation step, where a reactive species reacts with aestgicies forming
another reactive species, tbleain branchingstep, where a reactive species reacts
with a stable species forming two reactive spea@esl, theterminationstep where
the chain is broken by consuming the chain carryadjcals. An example of the
above steps is shown in Table 2.1 which depictsesoimthe importaniH,/O,

reaction steps.

Reaction Reaction Type
1 H, +OQ =20H Initiation
2 OH+H =H+HO Chain Propagation
3 H +Q@ =0OH+O Chain Branching
H+O, +M =HOG, + M o
4 Termination
HO, +OH =HO+ (G

Table 2.1 Reaction steps in thg® mechanism

2.6 Collision Theory

In chemical kinetics it is well known that some ggans occur faster or
slower than others and some have strong temperdéyrendencies while some do
not have any. Hence, it is necessary to understhadphysical meaning and
magnitude of the assigned rate coefficient andtataperature dependence. As
mentioned earlier, it is possible to estimate ieaatates using the collision theory.

According to this theory [40], it is assumed tha imolecules are hard and
structureless spheres. There is no interaction detwthem until they come into
contact. Their dimensions remain the same evemnr afitision and the closest
distance equals to the sum of their radii. In ofdethe reaction to occur, an energy
barrier which is expressed by an electron rearnawege needs to be overcome. All

vibrational, translational and rotational motiorfstltte molecules seemed of lesser
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importance in the first instance and were neglechkeca gas temperature T, the

molecules (A, B) follow a Maxwell distribution opsed with a mean value of

- 1
u = (8K, T/7)? (2. 26)

wherep is the reduced massnamg/(ma + mg) and k is known as the Boltzmann

constant. Hence

1
Z,s = C,Cord (8K, T/ )2 (2. 27)

where Zag is the collision number or collision frequency ae@resents the collision
rate per unit volume for unit concentrations of AdaB. Only the molecules that
have sufficient kinetic energy will react in orderovercome an energy barrief. E
Thus the rate of reaction is expressed by

k= Zexp(_RE_;] (2. 28)

where Z = Zg/CaCs the collision frequency factor,’Bs the activation energy, R is

the Avogadro constant and T is the temperature.
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Chapter 3

Cyclopentadiene

3.1 Introduction

The study of the chemical kinetics of aromatic logdirbons in combustion
processes has become a main focus of combusticrarols Apart from the
environmental impact caused by soot formation, g@gnatic compounds have a
biological impact on human health. However, dethithemical models are often
tentative. There is a limited amount of elementagction rate data in the literature,
which is mostly focussed on single ring molecutagsh as benzene and toluene. It
Is apparent that the benzene submechanism plagsificant role in soot formation
and soot reduction processes. Benzene oxidizeh@ophenoxy radical which
decomposes to the cyclopentadienyl radical@@d The cyclopentadienyl radical is
subject to ring opening and forms a transition pbgtween aromatic and aliphatic
compounds [23].

Cyclopentadiene is thus an important intermediggcies in combustion of
single ring aromatics. The potential importanceth@ cyclopentadienyl radical in
PAH growth has also been noted due to delocalisadtivity. The contribution of
the cyclopentadienyl radical to the formation obraatics has been reported in
various studies [41-47]. Hence, an adequate knmeleaf the cyclopentadienyl
combustion chemistry is essential for the accuratedelling of the aromatic
components of the aviation fuels.

The pyrolysis of cyclopentadiene has been extelysigtudied behind
reflected shock waves [23, 48-52], but there isy@mrie oxidation study in a plug
flow reactor performed by Butler and Glassman [23fs generally agreed that the
cyclopentadiene consumption under pyrolytic condsi begins withCH fission

leading to the formation of the cyclopentadienylical plus a hydrogen atom (832).
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However, there are significant differences in reactates obtained in the different

studies.

CsHe =€¢Hs + H (832)

Roy et al. [50] studied the pyrolysis of cyclopentadiene nga mixtures
over a pressure range of 0.7 to 5.6 bar and olataaneate constant ofs&= 4.0 X
10" exp (-322 kJ ma¥RT) s’ for which they concluded that there was no pressur
dependence. Keret al.[52] studied cyclopentadiene pyrolysis at redugegssures
in the range 100-450 Torr and proposed a barri@&5afkJ/mol for theCH fission.
Colketet al.[51] proposed a rate constant g§k 2 x 13° exp(-339 kJ mo¥/RT) s
Lfor a range of slightly higher pressures than thdysof Royet al.[50]. Zhong and
Bozzelli [53] suggested a rate af:k 5.96 x 16* exp (-314 kJ maV/RT) s?, which
was calculated using the Rice-Ramsperger KasseR{QRpproach at atmospheric
pressure and a temperature range of 900-1300K. @asop of the proposed rate
constants above against temperature is shown urd-ig)1.

1.0E+09 +
1.0E+06 +
1.0E+03 +
1.0E+00 +
1.0E-03 -

1.0E-06 -

Rate constants [s-1]

1.0E-09 -

1.0E‘12 T T T T T 1
0.40 0.60 0.80 1.00 1.20 1.40 1.60

1000/T [ K]

Figure 3.1 Arrhenius plot of the reaction ratesposed for the reactio@sHe = CsHs +

H. The solid line indicates the rate determinatiorzbbng and Bozzelli [53], the dashed
line indicates the rate determination of Raiyal [50] and the dashed dotted line indicates
the rate determination of Colket al. [51]
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In a recent study, Rogt al.[49] studied the reverse reaction, which involves
the cyclopentadienyl recombination with a hydrogéom (-832), behind reflected
shock waves and a rate constant g§2.6 x 16' m*® kmol* s* was obtained at a
pressure of 2 bar. Hence, in combination with joney study of the same group, an

equilibrium constant KT) for reaction(832) was calculated.

C5H5 + H = @He (-832)

Moreover, data for the enthalpy of formation of tisHs were obtained.
Zhong and Bozzelli [53] have also proposed a higésgure limit rate constant for
reaction (-832): k= 3.2 x 18* m® kmol™* s*. The rate proposed was tested against
the data of Lovelket al.[54] at 1 atm and 1100 K and there were discrepanaf
about a factor of 2 between the model and measuntsme

TheH abstraction leading to the formation of the cyeloj@adienyl radical and
molecular hydrogen is another important reactioanctel for the decomposition of

cyclopentadiene.

C5H6 + H = GH5 + H2 (826)

Roy et al. [50] studied reaction (826) and obtained a ratestamt of k.= 2.8
x 10" exp(-9.45 kJ maV/RT) n? kmol* s*. On the other hand Emdee al. [55]
have proposed a rate constant gf .19 x 18 x T""" exp(-125 kJ mo¥YRT) n?
kmol* s’. Moskaleva and Lin [56] studied the reaction beméydrogen and
cyclopentadiene at the modified Gaussian-2 levehebry and provided potential
energy surfaces and reaction rates for the chamhelTST and RRKM calculations
performed produced a rate constant for reactiomr#ia(826) of k= 3.03 x 10
T+ exp(-117 kJ mé¥T) m* kmol™* st valid for a temperature range 1000<KT <
3000 K. The study showed that the abstraction catestant does not have any
pressure dependency, but a positive temperaturendepce. Moskaleva and Lin
[56] also showed that apart from hydrogen abstracthydrogen addition to the
cyclopentadiene ring should also be included.

The CH fission leading to the cyclopentadienyl radicafoiowed by C-C
breakage and the formation of acetylene and thpapgyl radical (806). Studies
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have shown that this reaction is a multi-step pecehich leads to a stable
intermediate and then a ring opening producing aern radicals followed by the

C-Cfission for the formation of the final products/[5

CsHs = eH; + GH; (806)

Roy et al. [50] performed computations for reaction chann@06) and
optimized the geometries of the cyclopentadienytlical and of all the
intermediates, the transition states and produdtsthea UHF/6-31G* level.
According to their study, the cycli€sHs decay is initiated by a 18- transfer
followed by a ring opening and isomerization tousnier of straight chain radicals
that lead to the formation of acetylene and progam@gdical. However, application
of the proposed rate resulted in an over-predictibacetylene concentration by a
factor of three. Hence, they reduced the rate eohdty a factor of three and
achieved a good agreement with measurements. dliticad to this study,
Moskaleva and Lin [56] estimated the barrier hesgsftthe 1,2 hydrogen transfer in
the cyclopentadienyl radical (274.88 kJ/mol), romening (317.14 kJ/mol) ar@-C
breakage (317.14 kJ/mol), which are in agreemetit walues proposed by R&y
al. [50], which were obtained using a lower level cotagpions [57]. Kerret al.[52]
also obtained a rate constant for reaction (80@gufice-Ramsperger-Kassel-
Marcus (RRKM) computations. The 1k2-migration was identified as the rate-
limiting step with a barrier of 258.98 kJ/mol. Thesult is in contrast to Rost al.
[50] who proposed the ring opening as the ratetiingistep. Kerret al. [52] also
showed that there is a 10-fold reaction-path-degayethat arises from a facile
pseudorotation in this Jahn-Teller molecule.

Cyclopentadiene, apart from the unimolecular deamsitipn leading to the
formation of acetylene and propargyl radical whocmtribute to PAH growth, can
also recombine with itself or its radical leadimgthe formation of naphthalene or
indene [42, 58]. There are a number of studies hiaat exploited this potential
formation mechanism. Meliuget al. [42] studied the recombination of two
cyclopentadienyl radicals that lead to the formatid naphthalene via a nine step
mechanism that goes through the formation of hydvafene and involves a three-
membered ring closing and opening of resonanceligeab radicals. Kislov and
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Mebel [59] showed that at low temperatures napbkti@lwas the major product
whereas at high temperatures fulvalene was the rdorhione. Luet al. [60]
extended the mechanism of PAH growth of naphthalédoenation from
cyclopentadienyl recombination as proposed by Medual. [42] to compounds
that contain four six-membered rings.

Marinov et al. [58] developed a chemical kinetic model for tharfation of
the polyaromatic hydrocarbons and the predictedciepeconcentrations were
compared against measurements obtained from riohngomethane and ethane
flames that were stabilized over a porous burndreyT proposed that the
cyclopentadienyl radical recombines to itself tee tformation of naphthalene
involving two hydrogen atom ejections. In the sashedy, a rate constant and an
activation energy barrier was suggested based enasisumption that the rate
limiting step of theCsHs recombination is the 34 kJ/mol barrier that acdesdor the
ejection of the first hydrogen atom of the bicy@opmdienyl adduct. However,
Lindstedtet al.[61] and Lindstedt and Rizos [62] questioned tlubagl reaction rate
proposed by Marinoet al. [58], as computations that were performed showad t
the naphthalene levels were 35 times higher thannteasurements. Hence, an
alternative two-step reaction featuring stabili@aatof CsHs-CsH4 with a a barrier of
34kJ/mol and the frequency factor of the globap gpeoposed by Marinoet al.
[58] was proposed [61]. The barier utilized follo® recommendations of Melius
et al [42]. Moreover, McEnally and Pfefferle [63] penfieed experimental work
with °C-labeled aromatic compounds and showed that theelldab
cyclopentadienyl moieties do not contribute to secong formation.

The potential role of the cyclopentadienyl moietied®?AH growth was also
studied by Mulholland and co-workers [64] using eximental analysis in a laminar
flow reactor and the result suggest that indenphtielene and benzene are major
products of cyclopentadiene pyrolysis. Apart frohe tcyclopentadienyl radical
route to naphthalene, recombination has also be&epoped as route to other
aromatics. The importance of such reaction for Rfivth was extensively studied
by Violi and co-workers [65-67], who proposed a istep molecule-radical
addition reaction mechanism followed by rearrangaméVanget al. [41] applied
this molecule radical mechanism in order to produesv pathways for the
formation of indene and naphthalene during cycltgdienyl pyrolysis. Four new

reaction pathways for aromatic growth from cycldperene pyrolysis were
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proposed leading to naphthalene, indene and benadanatramolecular addition,
C-H B-scission andC-C p-scission. Density functional theory calculationsrev
performed to calculate transition states, energyridra for isomerizationsf-
scission and dissociation reactions. Indene waslgn&rmed by intramolecular
addition of the cyclopentadiene to cyclopentadiemy a resonantly stabilised
cyclopentadiene-cyclopentadienyl dimer.

Kislov and Mebel [68] also studied indene formatioa the combination of
cyclopentadiene and the cyclopentadienyl radicdl strowed that at temperatures
relevant to combustion, indene was found to bentlagor product (>50%). The
mechanism suggested, combined with their compusts,twas in agreement with
experimental data for cyclopentadienyl pyrolysiattshowed both naphthalene and
indene as major products.

Another reaction route that involves the cyclopdiayl radical features its
combination with the methyl radical to the formatiof fulvene CsH4CH,), which
latter isomerizes to benzene. Moskaletal. [69] studied this reaction route and
showed that the combination of these two radicatslyce an intermediate specie
(CsHsCHg) that proceeds to the formation 6§H,CH; and hydrogen atom. The
hydrogen elimination occurs from the ring since @l bond is weaker that the
relative one of the methyl group. The second hyenogtom elimination comes
from CsH4CH;s leadingto the formation of fulvene. The reaction channakvalso
studied by Meliust al.[42] who underlined the importance of hydrogen natign
around the cyclopentadienyl moiety in providingomsnce-stabilized radicals and
in further ring formation. These findings are atsgported by a more recent study
of Lindstedt and Rizos [62].

3.2 Modelling Approach

The starting point for the current work stems frpravious studies related to
the chemistry of aromatics [61, 62] as mentionedvab the oxidation of fine
carbon based patrticles [70] and an earlier studghimng and Bozzelli [53].

The developed mechanism was validated under pbw feactor conditions

obtained by Butler [20]. Rates were analysed fahBoel lean and rich conditions
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for temperatures varying from 1100 to 1200 K. Thed®es identified possible
reaction channels featurin@, OH, HO, and O, though estimates of the rates of
reaction proved problematic in some cases. Morgovenction rates for
iIsomerization reactions, or thermal dissociatioroxygenatedCs species were also
updated using PES determined via DFT and compagii@ntum mechanical
computations [15]. Both RRKM/ME and VTST approackera used to derive
estimates of the rate constants [15]. The ratepo$umption and productions were
also calculated for each species. The thermochérdimi@ were obtained from
literature sources [71] and when not available, ewealculated with quantum
mechanical methods using Gaussian-03 [15]. Thetimamechanism used here
consists of 1431 reversible reactions involving Zj$ecies with reverse rates

computed via equilibrium constants.

CHs + O, =GHsO + O (804)
CHs + O, = GHs00 (812)
CHs + O = GHs(T) + CO (807)
CHs + O = GHsO (808)
CHs + O - 0 + H (814)
CsHs + OH = GHe(T) + CO (818)
CsHs + OH = gHsO + H (816)
CHs + OH - GH,OH + H (809)
CsHs + OH = GHsOH (815)
CHs + HO, = GHO + HO (817)
CHs + HO, = GHO + OH (811)
CsHs = £Hs5(L) (819)
CsHs(L) = GH3 + GH> (820)
CsHe + H = @GHs + H (826)
CsHsO = Hg(T) + CO (904)
CsH<O - g0 +H (905)
CsH4OH = e¢HO + H (906)

CsHsOH = ¢H,0H + H (908)
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C5H5OH — §H5O + H (908)
CsHs00 - ¢,0 + OH (909)
C5H5OO = §H5O + O (910)

Selected comparisons of the reaction rates otatipathways such as (817)
and (811) are shown in Figure 3.2 and Figure 3.8ah be seen that the rate of
reaction (811) which was derived using the RRKM/Nteory and VTST by
Robinson [15] is slower than the one proposed bgnghand Bozelli [53] for
temperatures over 1000 K and the rate of react8iY)(is faster than the rate
proposed by Zhong and Bozelli [53].
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Figure 3.2 Arrhenius plot of the reaction rateshef critical pathwayCsHs + HO, = CsHsO

+ OH. The solid line indicates the rate used here whigls derived using RRKM/ME
theory [15] and the dotted line indicates the prasly used rate adopted from Zhong and
Bozelli [53]. Units are kmol, iy s, K.



58 Chapter 3

1.0E+12 -
1.0E+11 -
1.0E+10 -
1.0E+09 -
1.0E+08 -
1.0E+07 -
1.0E+06 -
1.0E+05 -
1.0E+04 -

1.0E+O3 I I I 1
0 1 2 3 4

1000/T

Figure 3.3 Arrhenius plot of the reaction rateshef critical pathwayCsHs + HO, = CsH,0

+ H,0. The solid line indicates the rate used here whvels derived using RRKM/ME
theory [15] and the dotted line indicates the prasly used rate adopted from Zhong and
Bozelli [53]. Units are kmol, iy s, K.
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3.3 Oxidation of Cyclopentadiene

The oxidation of cyclopentadiene was studied ungery flow reactor
conditions obtained from Butler [20]. Three oxidaticases were computed for
stoichiometric and rich fuel mixtures at atmospbgriessure utilizing nitrogen as

the carrier gas. The conditions are presented lmeTa 1.

. . o Modelling Experimental
T init Initial Fuel Initial Oxygen

Case ()] Time Shift Time Shift
(K) (ppm) (ppm)
(msec) (msec)
1 1.03 1198 2243 14128 20 36
2 1.03 1148 1051 6618 50 123
3 1.61 1153 2070 8363 20 50

Table 3.1 Experimental and modelling conditions dgclopentadiene oxidation in a flow
reactor. (The experimental time shifts correspantinie shifting performed on modelling
computations performed by Butler [20]).

Major species concentrations are predicted and acgdpto measurements as
shown in Figure 3.4 to Figure 3.9. It can be sdwt there is reasonably good
agreement. However, surface chemistry interferingp \the gas phase chemistry
was identified as a problem by Butler [20] and soraetion is hence required.
Moreover, during the experimental studies, measenésn showed an initial
discontinuous drop in the fuel concentration atfiret data point that was due to
the recirculation zone in the diffuser and surfabemistry near the throat of the
reactor [20]. Because of this, a time shift of gnedictions is necessary in order to

capture more accurately the species profiles.
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Figure 3.4 Concentration profiles during cyclopéigae oxidation in a plug flow reactor
for ® =1.03, P =1 atm, T = 1198 K, initial fuel conaaion 2243 ppm (Case 1 — see Table
3.1). Circles are measurements [20] and the siolkdthe current simulation
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Figure 3.5 Concentration profiles during cyclopeiae oxidation in a plug flow reactor
for ® =1.03, P =1 atm, T = 1198 K, initial fuel conaaion 2243 ppm (Case 1 — see Table
3.1). Circles are measurements [20] and the siolkdthe current simulation
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Figure 3.6 Concentration profiles during cyclopéigae oxidation in a plug flow reactor
for ® =1.03, P =1 atm, T = 1148 K, initial fuel conaaion 1050 ppm (Case 2 — see Table
3.1). Circles are measurements [20] and the siolkdthe current simulation

200 30
150

100

L
<

o

Mole Fraction [ppm]
co

0 50 100 150 200 50 100 150 208

Time [ms]
Figure 3.7 Concentration profiles during cyclopeitne oxidation in a plug flow reactor
for® = 1.03, P =1 atm, T = 1148 K, initial fuel conaation 1050 ppm (Case 2 — see Table
3.1). Circles are measurements [20] and the soldthe current simulation
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Figure 3.8 Concentration profiles during cyclopeiae oxidation in a plug flow reactor
for® =1.61, P =1 atm, T = 1153 K, initial fuel conaation 2070 ppm (Case 3 — see Table
3.1). Circles are measurements [20] and the siolkdthe current simulation
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Figure 3.9 Concentration profiles during cyclopéigae oxidation in a plug flow reactor

for® = 1.61, P =1 atm, T = 1153 K, initial fuel conaation 2070 ppm (Case 3 — see Table
3.1). Circles are measurements [20] and the soldthe current simulation
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3.4 Reaction Rate Analysisfor Cyclopentadiene Oxidation

A reaction rate analysis was performed for a storaetric fuel mixture with
® =103 atT =1148 K, P = 1 atm and an initialfooncentration of 1051 ppm.
The fuel is consumed via four major channels thablve hydrogen abstraction via

H , O andOH radicals and thermal decomposition.

CsHe +H = s +H (826)
CHs +O = @ +OH (827)
CHs + OH = s + HO (828)
CsHs =8 + H (832)

Reaction (826) is responsible for 35% of the tdtel consumption and is
assigned with a rate proposed by Robinson [15].chia@nel is of major importance
as small perturbations to the reaction rate caulmgsdifferences at the fuel
consumption profile. Approximately 25% of the fud#cay proceeds via reaction
(828) that was assigned a rate proposed by RiZj)s f/rate discussed by Leung
and Lindstedt [73] is used for reaction (827),ichconsumes a further 10%.
Reaction (832) is responsible for 12% of the tdtel consumption and was
assigned a rate proposed by Ketral [52].

Approximately 86% of the fuel consumption leadsthe cyclopentadienyl
radical. The consumption d@sHs follows two major routes as shown in Figure
3.10. TheCsHs recombination pathway leading @¢HqoF (813) is responsible for
33% of the consumption and was assigned a rateopeodpby Lindstedet al. [61].
The second major consumption channel (33%) ocdarthermal decomposition of
the cyclopentadienyl radical via-C scission leading to acetylene and the propargyl
radical (806). The channel is of significant imamte and affects the temporal
evolution of the acetylene concentration profilerade of Kernet al. [52] was also
evaluated, but found to lead to an overproductibacetylene by 50%. Hence an
adjustment by a factor of 2 was applied leadingmore reasonable acetylene

profiles.
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Figure 3.10 Major cyclopentadiene consumption paysain a plug flow reactor fod =
1.03, T = 1148 K, initial fuel concentration of I0ppm.
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The oxidation channels featuringO, attack leading to the formation &sH,O
(817) andCsHsO (811) are each responsible for 8% of @aels consumption.

CsHs + GHs = GoHoF + H (813)
CsHs = {3 + GH; (806)
CsHs + HG, = GH,O + HO (817)
CHs  +HO, - GHO + OH (811)

The CioHgF is a precursor to naphthalene, which subsequéenfigrmed via
hydrogen thermal dissociation (1308). Naphthalesethposes through two major
reaction channels that involve hydrogen abstrac{ib283) viaOH (49%) and
oxygen addition (1281) forminGi10H-O (39%) that utilize rates adopted from the

kinetics of benzene and adjusted according to mtdeeveight differences.

ClngF — gHg + H (1308)
Clng + OH = (;oH7 + |-le (1283)
CioHs + O = gH-O + H (1281)

Indene is formed predominantly (48%) through deety recombination with
the benzyl radical (1059). The rate assigned te thannel was adopted from
Colket et al. [74]. An additional 44% of the indene formationnwes from the
recombination of cyclopentadiene and cyclopentadieadical (831) with the
simultaneous abstraction of a methyl radical. Tdwction channels was studied
extensively by Wangt al. [41], who proposed possible intermediate routegte
naphthalene and indene formation @i andCsHs recombination.

In this study it is assumed that the recombinatbthese two species does
not stabilize to the formation of the CPD-CPDyleimhediate but to a bridged
intermediate specie with the radical on the bridgixin. The highest energy barrier
(177.11 kJ/mol) that occurs from the conversiorthed bridged specie to the final
indene molecule through other intermediate roudssdiscussed by Wargf al.
[41], is used as the activation energy of the disbep (see Figure 3.11).
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GHs +H (1059)
GHg +Ch (831)

C/H; + GH,
CsHs + GHe

Indene decomposes solely to the indenyl radical thir@e major reaction
routes. Reaction (1237) is responsible for 59%hefihdene consumption, (1222)
for 21% and (1240) 12% respectively. Reactionssratelized for these three
indenyl consumption routes are adopted from sugesif Potter [75] based on
the kinetics of cyclopentadiene with reaction rggesposed by Lindstedt and Rizos
[62] and Rizos [72].

CoHg  +H =&, +H (1237)
C9H7 +H — Q_IS (1222)
CgHg + OH = §H7 + Hzo (1240)

Approximately 63% of the total indenyl radical cesnfrom indene and 23%
Is produced vi& O expulsion of theC,0H-O, which is one of the major products of
the naphthalene decay. The indenyl radical is teeyssor of phenylacetylene via
the formation ofCgH;O. The indenyl radical oxidizes tGyH;O (83%) viaHO,
reaction. The reaction rate utilized for this chelnmas obtained from Lindstedt
al. [70]. The CgH7;O decomposes tdgH; (100%) via CO thermal expulsion
followed by hydrogen thermal dissociation of tligH; to the formation of

phenylacetylene.
CoH- + HO, = gH,O +OH (1228)
C9H7O = 867 + CO (1263)
C8H7 = 8G6 +H (1187)

Phenylacetylene is consumed via four major reactmathways that
predominantly feature oxygen attacks. The displasgnof the chain via oxygen
attack is responsible for 33% of the phenylacetyleansumption (1163) and the
step features a rate suggested by Lindstedtl. [61]. The second major channel
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(22%) involves hydrogen abstraction @dd (1154). A rate adopted by Frenklaeh
al. [76] was assigned to this channel.

Moreover, reactions (1162) and (1151) involve hgaro abstraction/oxygen
addition and consume 12% and 11% of styrene, r&éspBc Rates applied to these

channels were adopted from Potter [75].

CeHs +O = s + GHO (1163)
CgHe + OH = gHs + HO (1154)
CeHs +O =g¢0 + H (1162)
CeHs +O = ¢C,0 + H (1151)

/’

@ ™
*—»—» s

CH°2
+ HC=CH —
CoHs

C/H7

Figure 3.11 Major indene formation channels inraulent flow reactor fo® = 1.03, P =1
atm, T = 1148 K and cyclopentadiene concentratidt061 ppm.
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Toluene is formed from the benzyl radical, with tftemation of benzyl
radical controlled via one major reaction. The mbmation of the
cyclopentadienyl radical with acetylene is respolesior 84% of the total benzyl
radical pool. The rate for the channel was adofstad Colket and Seery [77].

CsHs + CH; = GHy (805)
C7Hg = fl; + H (1078)

Approximately 22% of toluene leads to the formatainbenzene through a
chain displacement reaction via hydrogen. Howebemnzene is predominantly
formed (94%) through isomerisation reaction fronvéne (980).The isomerization
of CgHg(F) to benzene is assigned a rate proposed by Maenal[78]. Fulvene is
mostly produced via isomerization reactions fr@gHe(S) (43%) andCsHe(B)
(26%) and via thermal hydrogen dissociation (26%nf CsH,CHz. The methyl
cyclopentadienyl radical is formed via recombinatiof the methyl radical with
CsHs (93%) and was assigned a rate adopted from suggesif Lindstedtet al.
[61].

Acetylene is predominantly formed (77%) by the thar decomposition of

the cyclopentadienyl radical.

CsHs = £, +CgH3 (806)

A reaction rate analysis was also performed faned fich mixture with® =
1.61 at T = 1153 K, P = 1 atm and initial fuel centation of 2070 ppm. The fuel
consumption follows the same routes as in the lsimicetric case. However, the
impact of reaction (826) increases by 4% and thpaoh of reactions (828) and

(837) reduces by 4-5% compared to the stoichiometse.

CsHe +H = s +H (826)
C5H6 + OH = §H5 + Hzo (828)
CsHy =l +H (837)
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The cyclopentadienyl radical follows two major comgption under fuel rich
conditions, as was the case for the stoichiometiditions. In the latter case, 38%
of the CsHs recombines with itself leading t&€;0HoF and 26% thermally
decomposes acetylene and the propargyl radicalrddations featuringlO, attack
and leading to formation ofCsHsO and CsH,O perform similarly to the
stoichiometric case and found to be responsible8fér of total cyclopentadienyl
consumption.

The naphthalene, indene , styrene, toluene, rtadind acetylene formation
and consumption routes follow the same behaviouin astoichiometric mixtures
with a perturbation of order 4-6% for each of theps.

Apart from the rate analysis performed for a terapee range of 1149 —
1153 K, a test was also performed for a stoichioiméiel mixture oxidation (Case
1 - Table 3.1) at the temperature of T = 1198 Koider to identify important
pathways of the fuel decomposition. Reactions (82&) (828) are found to be
dominant contributing 33% and 27% to the fuel comgtion. Moreover, reaction

(827) is responsible for 12% of the total fuel s@mption at higher temperatures.

CHe +H = s +H (826)
C5H6 + OH = §H5 + Hzo (828)
C5H6 + 0 = £H5 + OH (827)

Moreover, it should be highlighted that once tlyelapentadienyl radical is
formed, its consumption is controlled by two dommhaeaction channels that are
identical to theCsHs consumption route for rich mixtures, with the diffnce that
the role of these reactions (813) and (806) is neversed. The impact of reaction
(806) increases from 32% at stoichiometric fuettomes and T = 1149 K and 26%
for rich mixtures of the same temperature, to 34#%stoichiometric mixtures at a
temperature of T = 1198 K. Whereas the contributidnthe cyclopentadienyl
recombination reaction falls from 38% for rich mirgés or 33% at stoichiometric
mixtures of T = 1150 K, to 24% at stoichiometricxtares and higher temperatures.
Accordingly, the more the temperature increases thore the thermal
decomposition of th€sHs dominates consumption.
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CsHs  + GHs = GoHsF + H (813)
CsHs = £, + GH; (806)

The increased impact of the thermal decompositmuter of theCsHs, is
responsible for the excessive propargyl radical acetylene. The propargyl radical
pool follows a recombination route that producesze@e. Hence, as expected, the
benzene concentration is increased by 62% at timpdeature of T = 1198 K
compared to the T = 1150 K cases (see Figure 3l4~gure 3.6) . Moreover, the
concentration of benzene is affected by the ine@a&sntribution of reaction (801)

leading toCsH4CHjs, which is the precursor to fulvene.

C5H5 + Cl‘h = GH4CH3 + H (801)

The formation and consumption routes of the rastimediate species such as
indene, phenylacetylene, toluene follow the samdabeur as in lower

temperatures.

3.5 Pyrolysisof Cyclopentadiene

The pyrolysis of cyclopentadiene was studied ungkrg flow reactor
conditions corresponding to the experimental ssidieButler [20]. Five pyrolysis
cases were computed and concentrations of theardacand intermediate species
were compared to measurements of Butler [20]. Thaludon of the species
concentrations over time are presented in Figu 3o Figure 3.20. The
concentration of the fuel varies from 1000 to 3@@dn and the temperature varies
from 1100 to 1200 K (see Table 3.2). Due to theembs of oxygen, the
consumption is slower and especially the fuel peofollows an approximately

linear trend.
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T init Initial Fue

Case
(K) (ppm)
1 1147 2083
2 1148 1044
3 1147 3081
4 1106 2094
5 1202 2077

Table 3.2 Experimental and modelling conditions dgclopentadiene pyrolysis in a flow
reactor

It must be highlighted that the computations penked for the
cyclopentadiene pyrolysis utilising the current mieal model caused
overproduction of acetylene and benzene and shaawdsponding discrepancies
due to the impact of reaction (806). More spediljcahe rate of Kerret al [52]
used in the oxidation cases was responsible fa334lincrease of the computed
acetylene concentrations and 200% increase of #me&dme concentration as
compared to the rate proposed by Robinson [15].cklefor the pyrolysis cases
only, a modification to the rate of reaction (8®&s applied and the rate suggested

by Robinson [15] was adopted.

CsHs = 43 + GH; (806)

As can be seen from the comparisons between thdictgd species
concentration profiles and the measurements ofatainye Butler [20] there is a
reasonably good agreement. The model capturesi¢gherofile very well indicating
that the initiation reactions are satisfactory. Taeetylene profiles show an
overprediction that applies to all the tested casethe temperature range of T =
1100 — 1150 K. Good agreement is obtained for teezéne and naphthalene
species showing that the steps leading to theindtion and consumption are also

well represented
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Figure 3.12 Concentration profiles during cyclopeiitne pyrolysis in a plug flow reactor
at P =1 atm, T = 1147 K, initial fuel concentratid083 ppm (Case 1 — see Table 3.2).
Circles are measurements [20] and the solid lirecthirent simulation
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Figure 3.13 Concentration profiles during cyclopeiitne pyrolysis in a plug flow reactor
at P =1 atm, T = 1147 K, initial fuel concentratid083 ppm (Case 1 — see Table 3.2).
Circles are measurements [20] and the solid lieecthirent simulation
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Figure 3.14 Concentration profiles during cyclopeiitne pyrolysis in a plug flow reactor
at P =1 atm, T = 1148 K, initial fuel concentrati®044 ppm (Case 2 — see Table 3.2).
Circles are measurements [20] and the solid lieecthirent simulation
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Figure 3.15 Concentration profiles during cyclopeiitne pyrolysis in a plug flow reactor
at P =1 atm, T = 1148 K, initial fuel concentrati®044 ppm (Case 2 — see Table 3.2).
Circles are measurements [20] and the solid lirecthirent simulation
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Figure 3.16 Concentration profiles during cyclopeitne pyrolysis in a plug flow reactor
at P =1 atm, T = 1147 K, initial fuel concentratidB081 ppm (Case 3 — see Table 3.2).

Circles are measurements [20] and the solid lieecthirent simulation
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Figure 3.17 Concentration profiles during cyclopeitne pyrolysis in a plug flow reactor
at P =1 atm, T = 1147 K, initial fuel concentratid081 ppm (Case 3 — see Table 3.2).
Circles are measurements [20] and the solid lieecthirent simulation
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Figure 3.18 Concentration profiles during cyclopeiitne pyrolysis in a plug flow reactor
at P =1 atm, T = 1106 K, initial fuel concentratid094 ppm (Case 4 — see Table 3.2).
Circles are measurements [20] and the solid lieecthirent simulation
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Figure 3.19 Concentration profiles during cyclajaeiiene pyrolysis in a plug flow reactor
at P =1 atm, T = 1202 K, initial fuel concentratid077 ppm (Case 5 — see Table 3.2).
Circles are measurements [20] and the solid lieecthirent simulation
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Figure 3.20 Concentration profiles during cyclopeitne pyrolysis a plug flow reactor at
P =1atm, T =1202 K, initial fuel concentratiob7Z ppm (Case 5 — see Table 3.2). Circles

are measurements [20] and the solid line the cusiemulation
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3.6 Reaction Rate Analysisfor Cyclopentadiene Pyrolysis

A reaction rate analysis was performed for the rnttardecomposition of
cyclopentadiene at atmospheric pressure, a tenyperaf T = 1147 K and initial
fuel concentration of 2083 ppm. The consumptiosldsver due to the absence of
oxygen and the decomposition is controlled by theegation of radicals such Hs
CHs. The fuel decomposes via one major channel (747 involves hydrogen
abstraction viaH atom attack leading to the formation of cyclopdmae and
molecular hydrogen (826). An additional 15% of @yl decomposes via thermal

dissociation producing a hydrogen atom (832).

CsHe +H = Hs +H (826)
CsHs = s +H (832)

The cyclopentadienyl radical recombines with its@2%) leading to the
formation of CipHgF. Reaction (806) is responsible for not more théoh & the

total consumption o€sHs.

CsHs + GHs = GoHoF + H (813)
CsHs = {3 + GH» (806)

The C;HoF lead to the naphthalene formation via reaction08)3
Naphthalene forms naphthyl radical via hydrogentrabson (-1275) that is
responsible for 86% of the total naphthalene comtiom.

ClngF = QHS + H (1308)
C10H7 + H2 = Qng + H (1275)

Indene is formed predominantly via recombinatidrCeHs and CsHg (831)
with simultaneous methyl radical abstraction (72%lis is in contrast to the
oxidation case, where indene is formed approxinp&@% via acetylene addition to
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the benzyl radical (1059) and only 30% GyHs and CsHs recombination. During
pyrolysis, the acetylene addition to the benzyigald(1059) accounts for no more
than 10% of the total indene formation. An addiab©8% of indene is produced

via hydrogen recombination with the indenyl radid#22).

CsHs + GHe = GHs + CH; (831)
C9H7 +H — Q_IS (1222)
C/H- + GH, = GHs +H (1059)

Styrene was not observed experimentaly during pgrel Phenyl acetylene is
predominantly formed viaCgHs. Approximately 53% ofCgHg is formed via
acetylene recombination with the phenyl radical7{9Bat was assigned a rate from
Richteret al. [79]. An additional 22% is formed via acetyleneambination with
CsH4 (937), which is produced 100% via hydrogen abstracowvith H attack from
phenyl radical. A rate proposed by Potter [75] applied to reaction (1160).

CeHs + GH, = GHs + H (937)
CsHe = dEl4 + GH, (1160)

Toluene is another important intermediate spediess produced via the
benzyl radical (100%), which is formed (95%) vieBtene recombination with the
cyclopentadienyl radical.

Benzene is produced via isomerization (980) frarveine, with the latter
produced via three major reaction channels. Tharatla involve hydrogen thermal
dissociation fromCsH4CHs (987) (31%) and isomerization reactions @gHg(B)
(970) (23%) andCgHe(S) (985) (40%). The latter species stem from propargyl

radical recombination.

CsHs(B) = &He(F) (970)
CsHs(S) = dEls(F) (985)
C5H4CH3 = Q"e(F) + H (987)

CeHs(F) +M = GHs + M (980)
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The propargyl radical is responsible for 42% of @i4(P) formation via
reaction (363) that utilizes a rate proposed byngeand Lindstedt [73]. Moreover,
57% of C3Hy(P) is formed via a sequence of reactions throGgHs(A) — CsHa(A)
— C3H4(P). The C3H5(A) radical is essentially (98%) produced by reacti®d9)

and approximately 90% @f3;H4(P) decomposes to the methyl radical and acetylene.

CsHu(P) + M = GHs(A) + M (362)
C3H4(P) + M = @"3 + H +M (363)
CsHs(A) + GH; = GHe + H (389)

Reaction (389)s responsible for 41% of the total acetylene fdromg which
highlights one more time the significant role ofstlstep in theCsHg thermal
decomposition and production of major species. dtrainant acetylene formation
channel is via thermal decomposition of the cycidadienyl radical (54%).

CsHs(A) + GH, = GHs + H (389)

CsHs = 43 + GH, (806)

The impact of reaction (389f significant for the formation of ethylene

throughCsHeg (95%) via the reaction route shown below.

CHs(A) + GH, = GHg + H (389)
CsHs(A) +H = GHs (385)
CHs +H = GH, +CH (432)

A reaction rate analysis was also performed forttieemal decomposition of
CsHe at the higher temperatures of 1202 K, where tle follows the same two
decomposition pathways as at 1147 K, but the thlemssociation channels
increase in importance relative to abstractionreeombination reactions. Hence, the

thermal C-H scission of CsHg increases from 15% to 25% of the total fuel
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consumption and the abstraction reactions via atdwirogen reduce from 74% to
62%. TheCsHs decomposition is controlled via a second chanma involves the
thermal C-C rupture leading to the production @&>H, and CsHs; (16%), in
combination with theCsHs recombination leading to the formation Gf¢HgF
(72%).

The formation route to indene is interesting. As temperature rises, the
impact of the different indene formation channdlanges substantially. At 1202 K
three reaction steps control the formation of irdeéfhe hydrogen recombination
(1222) with the indenyl radical constitutes the onandene formation channel by
42%, compared to 18% at lower temperatures. Theombmation of
cyclopentadiene with cyclopentadienyl radical shaweduction to 36%, while the
step is the dominant indene formation channel (7284147 K. On the other hand,
reaction (1059), which involves the recombinatidnacetylene with the benzyl

radical, shows an increase from 10% to 23% at nitgraperatures.

C9H7 +H = 6:H8 (1222)
CsHs + GHe = GHg +ChH (831)
C7H7 + CQHZ — QHg +H (1059)

The formation of major intermediate species follithe same behaviour as at

lower tem peratures.

3.7 Conclusions

The objective of this chapter was to reveal impar{gathways that proceed
through cyclopentadiene and to highlight the im@oce of the cyclopentadienyl
radical in the growth of higher aromatics. Threesesa for the oxidation of
cyclopentadiene in nitrogen bath were studied Btometric and rich mixtures with
fuel concentrations varying from 1051 — 2243 ppra temperature range of 1148 —
1198 K. Moreover, five pyrolyses cases were aladist for the same range of fuel
concentrations and for a temperature range of 11402 K. The computed levels
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that describe the evolution of the reactants atefnmediate species were compared
against measurements obtained by Butler [20].

Due to catalytic effects from the surface chemigitat occurred in the reactor
during the oxidation experiments, a steep initi@pdin the fuel concentration was
apparent and a time shift to the computations pexd here was necessary. From
the computations performed, it is shown that sgesiech as naphthalene, toluene,
benzene and acetylene reached the end of the reiactbigh and detectable
concentrations, a fact that shows that these spece hard to oxidize and play
important role in soot growth. Cyclopentadiene aots/ to the cyclopentadienyl
radical via hydrogen abstraction reaction By OH, O radicals. The formed
cyclopentadienyl radical subsequently follows twampeting major consumption
pathways that involve its recombination leadingh® formation ofC,oHgF and the
thermal decomposition to the formation of acetyland the propargyl radical. As
the temperature rises, the thermal decompositi@sld becomes dominant. In rich
mixtures and low temperatures around 1147 K, tbembination channel becomes
dominant over the thermal decomposition channeb ToreCsHs decomposition
channels appear to play a significant role during oxidation of stoichiometric
mixtures at low temperatures. The channels invidteecyclopentadienyl oxidation
via HO; attack, leading to the formation 6 oxygenated species such @g1s0
and CsH,O. It was predicted that as the temperature ridss,concentration of
acetylene and benzene rises due to the increaspdcinof CsHs thermal
decomposition leading to the production @H, and CsHs, The latter specie is
associated with benzene formation. The cyclopeetadiradical is precursor to
naphthalene and at low temperatures high concemtsavfC,oHg are predicted.

The modelling studies of the pyrolysis of cyclo@ethiéne show a reasonably
good agreement. However, errors in prediction ohesof the intermediate species
are obvious. Due to the absence of oxygen, thedoetentration profile follows a
smooth linear trend compared to the initial dropthe fuel concentration for the
oxidation cases. The model that was utilised insiheulation of the oxidation cases
was responsible for the excessive species contentrgredictions during
pyrolysis. For this reason, a modification was &gplto the reaction rate of the
cyclopentadienyl thermal decomposition (806) andl@ver rate proposed by
Robinson [15] was utilised. This lead to improvedreement between the

predictions and the measurements for benzene apicthzene and for the fuel
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concentration profile. The excellent concentratpedictions of benzene, that is
mostly controlled by the production of the propadrggdical, and the excellent
computed naphthalene concentration predictions dsthattvthe rate adjustment of
the CsHs thermal decomposition is well justified. Howevethe persistent

overprediction of acetylene suggests that the ba®ty concentrations and
decomposition route is not controlled only by thertnal decomposition of the
cyclopentadienyl radical. The hydrogen attack te tlyclopentadiene (-389) that
leads toC-C rupture and produceSsHs(A) and C;H, plays a very important role

under pyrolytic conditions. The reaction rate mglil for this channel was adopted
from Rizos [72].

CsHs = s + GH; (806)
CsHs(A) + GH, = GHs + H (389)

Toluene is also somewhat overpedicted and thisues td excessive;H;
overproduction via acetylene recombination reactiwith the cyclopentadienyl
radical (805). The rate applied to this channel a@dspted by suggestions of Colket
and Seery [77]. This channel is also the main é&e¢yconsumption channel and
contributes 82% under pyrolysis and 50% under didaconditions. The
acetylene and toluene concentrations also depemeaation (1059) that constitutes
one of the major consumption paths for these speempectively.

CsHs + GH, = GHy (805)

The acetylene recombination channel with the beragjical (1059) is one of
the major indene production channels and contribute to 60% under oxidation
conditions and 20% during pyrolysis depending om tdmperature applied. The
second important indene production channel isGkté¢s recombination withCsHs
(831) here utilizing the rate of Wargt al. [41]. The channel is also the main
production channel for the methyl radical leadiogrtethane production. Methane,
as well as indene, are underpredicted a fact tiavs that revised kinetics should
be considered.
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C7H7 + QHZ = CgHg + H (1059)
CsHs + GH, = GHy (805)
CsHs + GHs = GHg + CH (831)

These five channels (806), (389), (805),(1059) @&1) that are highlighted

are in need of further investigation.
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Chapter 4

Toluene

4.1 Introduction

The ability to predict the combustion and growthnodnosubstituted single
ring or polycyclic aromatics is of key importancer faviation fuels for
environmental reasons. Alkylated benzenes areaakEgnificant hydrocarbon class
in gasoline and diesel fuels, hence the knowledgieo combustion chemistry of
these hydrocarbons in necessary. Toluene is thelesmalkylated benzene and its
chemistry constitutes the framework for the develept of mechanisms describing
other alkylated benzenes. It is also important thuaéts ability to promote soot
formation.

There has been much previous work on model devedaprior toluene, as
well as experimental studies on toluene oxidatio @ghermal decomposition.
Emdeeet al. [55] developed a model for high temperature toduexidation
utilizing previous benzene and toluene schemesvafidated it with flow reactor
experiments at temperatures from 1100 to 1200 &rabspheric pressure. Klogt
al. [80] updated the Emdezt al. [55] model and validated it against toluene-butane
fuel blends. Dagautt al. [81] developed a model that describes tolueneatiid
and validated it against jet-stirred reactor aéragerature range of 1000 — 1375 K
and equivalence ratios of from 0.5 - 1.5. Lindstaad Maurice [82] developed a
comprehensive toluene mechanism and validatedainsggexperimental data from
plug flow reactors, shock tubes, counterflow diffusflames and premixed flames.
Moreover, Sivaramakrishnaat al. [83] developed a detailed chemical model based
on an earlier literature model for toluene oxidatemd validated it against shock
tube experimental data at temperature in the re@@®0 - 1500 K over a wide
pressure range (25 — 610 bar) and for stoichiogseti® = 1 andd = 5.
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A number of experimental studies reported in therditure describe the
toluene oxidation or thermal decomposition. Igmitadelay times in argon mixtures
were measured by Burcet al. [25] for toluene concentration of 0.5 to 1.5 %481
to 13.45 % oxygen, temperature in the range of91:38797 K and with reflected
shock pressures of 1.95 to 8.85 atm. More recenlies on toluene oxidation were
performed by Vasudevaet al.[26] and Davidson and co-workers [29]. Vasudevan
et al. [26] measured ignition delay times ar@H radical concentrations in
tolueneD,/Ar mixtures behind reflected shock waves at high tsatpres (1400 -
2000 K) and low pressures (1 - 4 atm) for equivederatios of 0.5 - 1.875 with
toluene concentrations of 0.025 - 0.5%. The medstaieene ignition delay times
were compared with the models of Ratizal. [84], Dagautet al.[81] and Lindstedt
and Maurice [82]. At low to moderate temperatuthke,data agrees with the model
of Dagautet al.[81] and Pitzet al. [84] whereas at higher temperatures the model
by Dagautet al. [81] shows a better agreement with measuremente T
measurements of ignition delay times against fumicentration shows that the
ignition time falls as the fuel concentration iremses and this trend is also supported
by Burcatet al. [25]. The Lindstedt and Maurice [82] model capsutike trend of
the experimental model but with lower ignition detanes. The Pitzt al. [84] and
Dagautet al. [81] models can predict the ignition delays at lmel concentrations
but show a significant disagreement at high fuelcemtrations.

Davidsonet al.[29] measure®H concentrations and ignition delay times in a
shock tube for toluene/air at of low temperatush(- 1269 K) and high pressures
(14 - 59 atm) for equivalence ratios of 0.5 andhlsynthetic air. Their ignition
delays were validated against the models of &tital. [84] and Dagauet al. [81].
The model of Dagautt al. [81] predicts ten times longer ignition delaysrthhe
experiments of Davidsoet al [29] and the model of Pitet al. [84] predicts
ignition delay times two times longer that the meaments. However, fab = 0.5
the model of Pitet al.[84] captures the data very well.

The toluene initiation reactions have been the etargf several studies.
Pamidimukkalaet al. [85] performed shock tube studies with time-offli mass
spectrometry and laser schlieren densitometry foenaperature range of 1550 -
2000 K and pressures of 0.2 - 0.5 atm. Their stupports the dominance GFC

scission in toluene dissociation leading to thedpomtion of methyl and phenyl
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radicals (1079) against th€-H scission leading to the benzyl radical and the

hydrogen atom (1078). A rate constant was alsoesitgd.

C.Hs ok CH, + H (1078)

CHg oo CHe + CH (1079)

In addition, it was suggested that the stabilityhtef benzyl radical leads to a
partial equilibrium, whereas the unstable phenylical makes reaction (1079)
irreversible and hence a major route in the themgdociation of toluene. Colket
and Seery [77] performed shock tube studies foperature range of 1100 - 2700
K and suggested that (1079) always controls thé&ildigion of products from
toluene dissociation.

Rao and Skinner [27] monitored the formation of fdoggen atoms under
pyrolytic conditions behind shock waves in argoxtomes at a total pressure of 0.4
atm and for a temperature range of 1450 - 1790de Ronstants for the two major
toluene dissociation channels were proposed amdstconcluded that the hydrogen
abstraction reaction (1078) is the only importanitiation step. The study was also
supported by Muller-Markgraf and Troe [86], who died the benzyl radical
absorption during its decay behind shock waves.efidd this, Brouweet al. [87],
utilising UV spectroscopy to study the toluene thakr decomposition, highlighted
the dominance of the hydrogen abstraction dissooiathannel with a branching
ratio of kip7s/ Kio79= 10.

Braun-Unkhoff [28] monitored the formation of thgdnogen atom during
thermal decomposition in the temperature range36011800 K, pressures of 1.5 -
7.8 bar in argon mixtures and highlighted the inigpace ofCH; formation (1079)
for the product distribution. The results also segjgd that the hydrogen abstraction
from toluene leading to the formation of benzylicatlis important.

Rate constants were proposed in the above stimligbe two dissociation
channels. For th€-H bond scission, Rao and Skinner [27] assigned a&mggn
barrier of 360 kJ/mole, Braun-Unkhadt al. [28] assigned a value of 374 kJ/mole
and Brouwetet al.[87] a value of 369 kJ/mole. Later shock tube &sidhy Hippler
and Troe [88] revised th€-H bond scission dissociation channel and assigned a
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new rate with a barrier of 360 kJ/mole over a terapee range of 1200-1500 K and
a value of 356 kJ/mole in a flow system over a terajure range of 913-1143 K.

Eng et al. [89] investigated the thermal decomposition ofuérple at
temperatures in the range 1350 - 1900 K and fosgoures from 0.1 to 2.0 bar. It
was suggested that toluene dissociation proceeddynvéa (1078) for which a rate
constant was determined basedbatom detection via calibrated atomic resonance
absorption spectroscopy. The reaction showed nespre dependence at lower
temperatures, whereas at the highest temperatslightt pressure dependence was
observed. Moreover, Engt al. [89] defined a branching ratiod¢s/ (Kio7s+ Kio79
for toluene decomposition that is affected by terappge and pressure.

A more recent study of the thermal decompositiomobfene was performed
by Oehlschlaegeret al. [90], who investigated the contribution of the two
dissociation channels in shock wave experiments avemperature range of 1400 -
1780 K and at a pressure of 1.5 bar. The benzytahdbsorption at 266 nm was
monitored during toluene decomposition in argontores and the rates for the two
channels were determined. Moreover, it was sugddbtd the branching ratiods
I (Ki07s + kio79 between the two channels varied from 0.8 at 1450 0.6 at 1800
K. The findings were compared to previous studres iawas found that the overall
decomposition rate agrees with a deviation of hssm 30% from the results of
Braun-Unkhoffet al. [28] and Enget al. [89] and, hence, is faster than the values
proposed by Pamidimukkalkt al. [85] and Rao and Skinner [27]. The branching
ratio is in good agreement with Engt al. [89], but in disagreement with
Pamidimukkalaet al. [85] and Braun-Unkhofkt al. [28]. Moreover, theH-atom
measurements performed in the study of Braun-Urilétcdl. [28] are in agreement
with the findings of Engt al.[89].

In the present study, the comprehensively validadethiled mechanism
developed by Lindstedt and Maurice [82], with sujusnt developments by Potter
[75], was used as a starting point for the re-eatadn of the toluene chemistry in
light of recent studies. The toluene sub-mechanfsatures 103 elementary
reactions and 23 species. Further analysis wasrnpeetl and improvements were
made by considering new reaction steps and spe&igdl listing can be found in
Table A.1 and the heats of formation can be foundable B.1.
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4.2 Modelling Approach and M echanism Updates

The complete mechanism was validated and analygmihsa data and
conditions corresponding to i) shock tube datatéduene pyrolysis [28] and ii)
shock tube data for toluene oxidation [25, 26]. Takes of toluene pyrolysis were
analysed at conditions corresponding to shock axperiments of Braun-Unkhoff
et al. [28]. Moreover, the toluene sub-mechanism was yaedl at conditions
corresponding to toluene oxidation in argon mixsubehind reflected shock waves
of Vasudevaret al. [26] and Burcakt al. [25]. The validation and analysis of the
current model was performed in order to analyseptirecipal reaction paths and to
evaluate new reaction steps and reaction rate epdat

All the elementary reaction steps are assumed silewith the reverse rates
computed via chemical equilibrium. The thermodymamiata was obtained from
literature sources [71] and, when not availablerewealculated via quantum
mechanical methods using Gaussian-03 by Robinggjn [1

The following decomposition pathways were updateidgithe reaction rates
determined by Oehlschlaegaral.[90].

CiHg = GH; + H (1078)
CiHg = GHs + CH, (1079)
CiH; = GHs + H (1068)
CHg + H = GH; + H, (1080)
CHg + H = GHg + CHs (1081)
C/Hg + CHy = CH; + CH, (1089)

Another addition involves the thermal decompositminthe benzylperoxy
radical (1131). The reaction rate was adjusted te teverse rate of the
corresponding dissociation reaction of the phenmgipe radical (1006) from
DiNaroet al.[91].

C/H;00
CeHsOO0O

GH.O + O (1131)
@H:0 + O (-1006)
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Reaction (1131) was tested under the shock tubeitocmms of Davidsoret al.
[29] and was found to play a significant role i #avaluation of th©H profile and
reduced the ignition delay time by approximately@®8s compared to the starting
mechanism. However, the current model still fadscapture the low temperature

(< 1269 K) ignition data. In the current study folowing reaction path was also

considered.
C7H7 + 02 = (:7H7OO (1061)
C/H,00 = GHgOOH (R1)
C7HGOOH - GHGO + OH (R2)

Reaction (R1) was found to be the rate-limitingpsté the three-step reaction
sequence. Due to lack of accurate pathway infoonatihe global step given by
reaction (1130) was added to the scheme with a aat barrier based on
suggestions of Hunteet al. [92] with the relative isomerizatiolC;Hs00 =

C,H,OOH as a reference for estimation purposes.
C/H,00 = GHO + OH (1130)
The three-step reaction pathway (1061, R1, R2pv¥l the study of Zellner

and Ewig [93], Walch [94] and Clothiet al.[95] for the arguably related sequence
(R3,R5,R6 or R3, R4)

CH; + O, = CHOO (R3)
CH;00 = CHO + O (R4)
CH;00 =  CHOOH (R5)
CH,OOH = CHO + OH (R6)

The reaction of methyl with molecular oxygen pradgcthe methylperoxy
radical leads either, via decomposition, to thehmey radical and atomic oxygen
(R4) or, via isomerization, t6H,OOH (R5). The later step is potentially important
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pathway under radical depleted conditions e.g. nduiignition. The activation
energy for the transition state (R4) is found to 243 kJ/mole whereas the
activation energy for the transition state (R5)oidy 160 kJ/mole. Hence the
production of CH,O + OH occurs with smaller activation barrier and dongsat
over (R4) at temperatures below 2800 K. The twtedsht channels for theH;OO0
decomposition come from different electronic staidse species can exist either in
the X Zg- ground state (R4), where the closest 2p orbitdhe oxygen is double
occupied from the electrons and 1,3-hydrogen mmmat not possible, or in the
1Ag state (R5) where the same 2p orbital of the oxyigesingly occupied and
hydrogen migration is favourable [94]. A schemagipresentation of the the ground
and excited state of the oxygen atom on the berryXy radical is shown in Figure
4.1.

According to Clothieet al. [95] the activation energy of reactions (R3-R4) is
calculated to be approximately 121 kJ/mol less thatvalue estimated by Zellner
and Ewig [93]. It is obvious that the above analegiy need of refinement and that
the current rates are subject to uncertainties. é¥ew the pathway increases in

significance under lower temperature conditions famiher work is desirable.

Figure 4.1 Schematic representation of electra@ites of the two benzoperoxy radicals.
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Another reaction step (805) that plays a significemie in both toluene
pyrolysis and oxidation processes was added wititea adopted from Colket and
Seery [77]. A rate from Muller-Markgraf and Tro86] was also tested for the
reverse reaction. However, it was found to leadriancrease in ignition delays of

approximately 20% and was not utilized here.

CHs + GH; = C/H- (805)

4.3 Thermal Decomposition

The thermal decomposition of toluene in shock tubess studied at
conditions corresponding to experiments performeg@itaun-Unkhoffet al. [28] in
order to evaluate the branching ratio of the mainene decomposition reaction
channels and to monitor the temporal evolution & hydrogen radical. Braun-
Unkhoff et al. [28] studied the thermal decomposition in argorxtaores and
measured profiles at fuel concentrations of 2 - 19.3 ppemperatures of 1515 -
1655 K and pressures of 1.89 - 1.93 bar (Table. Mbreover, an attempt was
made to model the experimental profiles by utijsanten-step reaction scheme to
which adjustments had to be made in order to aehtbe appropriate fit to the
profiles. The analysis in this study is similarthat by Lindstedt and Maurice [82]
and was performed to assess the consistency wéthrevised principal reaction
paths mention in Section 4.2.

C7Hsg (ppm) T [K] P [bar]
1 2.0 1515 1.85
2 2.8 1655 1.89
3 3.0 1585 1.93
4 19.3 1555 1.92

Table 4.1 Experimental and modelling conditionstéduene thermal decomposition
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The computed hydrogen profiles for all the experitakconditions (Table 4.1) are
shown in Figure 4.2 to Figure 4.5. The modelledrbgén profiles are reasonably
well captured and show that the adopted branchatig from Oehlschlaegeat al.
[90] is satisfactory.
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Figure 4.2 Hydrogen radical concentration agains for toluene thermal decomposition
with an initial fuel concentration of 2.0 ppm, T1515 K and P = 1.85 bar. The solid line
indicates the current computations and the cirahelicate the experimental data from
Braun-Unkhoffet al.[28].
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Figure 4.3 Hydrogen radical concentration agaiinsé tfor toluene thermal decomposition
with an initial fuel concentration of 2.8 ppm, T1855 K and P = 1.89 bar. The solid line
indicates the current computations and the ciralescate the experimental data from
Braun-Unkhoffet al.[28].
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Figure 4.4 Hydrogen radical concentration againse tfor toluene thermal decomposition
with an initial fuel concentration of 3.0 ppm, T1585 K and P = 1.93 bar. The solid line
indicates the current computations and the cirahelicate the experimental data from
Braun-Unkhoffet al.[28].
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Figure 4.5 Hydrogen radical concentration agains¢ tfor toluene thermal decomposition
with an initial fuel concentration of 19.3 ppm, T1855 K and P = 1.92 bar. The solid line
indicates the current computations and the ciraheicate the experimental data from
Braun-Unkhoffet al.[28].

4.4 Time Resolved OH Concentrations during Oxidation

The data used to validate the toluene mechanisraruddation conditions at
high temperatures was obtained from Vasudetaal. [26], who monitored the time
resolved OH radical concentration profiles in tolue@e/Ar mixtures in shock
tubes. Vasudevaet al.[26] measure®H concentration profiles over a wide range
of conditions. The study provides unique time-resdl data of a complementary
nature to the pyrolysis experiments discussed abdwethe present work,
computations were performed corresponding to défa avtemperature of 1689 K
and pressure of 1.79 atd (= 1, 0.1%C7Hg, 0.9% O,, 99% Ar). The computed
profile is shown in Figure 4.6 along with the expwntal data of Vasudevaat al.
[26].
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Figure 4.6 Time resolved OH radical concentratiobgined in Toluene/Oxygen/Argon
mixtures in a shock tube with = 1 (0.1% toluene, 0.9% oxygen), T = 1689 K ard P79
atm. The circles indicate the measurements fronudaganet al. [26] and the solid line
indicates the current simulation.

There is excellent agreement between the measutenagr the current
toluene model. Th®H profile can be divided in three regions; the fshbws the
rapid increase in th®H concentration due to toluene decomposition, tlo®rsd
whereOH rises, indicating the presence and impact of tencbranching reactions
and the third where th@H production is close to zero [26].

A sensitivity analysis was also performed and tagent model shows that
the OH profile is sensitive to the chain branching reacti® + H, — OH + H. The
rate of Suret al. [96] adopted from Baulclket al. [97] was tested to this reaction
step with the current scheme (Figure 4.7) and treent toluene model fails to
capture thé@H slope and delays the onset of ignition approxilgeté% compared
to the rate of Liet al. [98] adopted from Sutherlaret al. [99]. A further analysis
has been presented by Gkagkas and Lindstedt [1100@jas also shown that the
reaction step is responsible for 12% of @i radical production. In addition, the
chain branching sted + O, — OH + O is significant. The step is responsible for
67% of theOH production and has been studied extensively ip#se [101-103].
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Moreover, the added reaction (805) plays significate in theOH evolution
as shown in Figure 4.7. The absence of this readiiep causes a delay in 1Dél

ignition by 20%.

CsHs + CoH, = C/H4 (805)

Another sample of ®H concentration profile versus time is shown in Fgu
4.8 for a stoichimetric 250 ppm toluene mixturd at 1648 K and P = 2.03 atm.
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Figure 4.7 Sensitivity analysis of time resolvédH radical concentrations obtained in
Toluene/Oxygen/Argon mixtures in shock tube witks 1 (0.1% toluene, 0.9% oxygen), T
= 1689 K and P = 1.79 atm. The circles indicatenieasurements from Vasudevaihal.
[26], the solid line indicates the current modbk tlashed line indicates the current model
with the rate of Sumet al.[96] for the reactiorD + H, — OH + H and the dashed dotted
line indicates the current model in the absendbet;Hs + C,H, — C;H- reaction.
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Figure 4.8 Time resolve®H radical concentrations obtained in Toluene/Oxygeydn

mixtures in a shock tube with = 1 (0.025% toluene, 0.225% oxygen), T = 1648 H Brr

2.03 atm. The circles indicate the measurementn féasudevaret al. [26] and the solid
line indicates the current simulation.
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4.5 Ignition Delay Times

Ignition delay times were measured by Vasudestaa. [26] in tolueneD,/Ar
mixtures for a temperature range 1510 — 1818 K with 1 (0.1% toluene, 0.9%
oxygen, 99% argon) and a pressure of 1 atm. Vasudeval. [26] defined the
ignition delay time as the time needed for @ radical concentration to reach
50% of the peak value by setting as zero the tilnthe arrival of the reflected
shock.

Ignition delay times were also measured by Vasudeval. [26] for different
fuel mole fractions varying from 2xT0- 2x10° with ® = 1, at a temperature of
1600 K and a pressure of 1 atm. Variations of tipaition delay times with
temperature and fuel concentrations are presentdéigure 4.9 and Figure 4.10.
Experimental data by Burcat al.[25] are also shown in Figure 4.10 for higher fuel
concentrations. As is evident in Figure 4.9, thaent toluene model agrees well
with the measurements and at higher temperatutlEsviothe experimental data
closely.

The fuel concentration dependence on ignition ddiayes for the two
experimental data sets (see Figure 4.10) showghbagnition time falls as the fuel
concentration increases. The model arguably pegavsil.

Ignition delay times were also measured by Bureatal. [25] for
toluene/oxygen/argon mixtures for a temperaturgeanf 1379 — 1785 K, pressures
of 1.96 — 2.81 atm for a stoichiometric mixtured@” % C;Hs, 4.48%0,, 95.023%
Ar). The comparison between the model and the expetah data is shown in
Figure 4.11.
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Figure 4.9 Ignition delay times of toluene with= 1 (0.1% toluene, 0.9% oxygen, 99%
argon) and P = 1 atm. Symbols indicate measurenfiemsVasudevaret al.[26] and the

solid line indicates the current computations.
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Figure 4.10 Ignition delay times for toluene malactions of 2x10 — 1x10* with ® = 1
(toluene/oxygen/argon), T = 1600 K and P = 1 atrhe Bolid squares indicate the
measurements from Vasudewinal.[26], the open circles indicate experimental deden
Burcatet al.[25] and the solid line indicates the current camgions.
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Figure 4.11 Ignition delay times for toluene obgalrin a shock tube witth = 1 (0.497%
C:Hg, 4.48%0,, 95.023%Ar) and P = 2.28 atm. The circles indicate experialedata
from Burcatet al.[25] and the solid line indicates the current catagons.
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4.6 Thermal Decomposition Paths

A reaction rate analysis was performed for thedon&thermal decomposition
in shock tubes at the experimental conditions cduBrUnkhoffet al. [28], as
discussed above, and the major reaction pathwases determined.

For the case of a toluene concentration of 2 ppdbab K and 1.85 bar, the
toluene decomposition is controlled by two majoacteon channels. Th€-H
fission to the formation of benzyl radical and atotmydrogen (1078) is responsible
for 67% of the fuel decomposition. The reactionrote that proceeds vi€-C
scission to the formation of phenyl and methyl cadi accounts for 27% of the
toluene decomposition. Rates determined by Oelasglelet al. [90] were applied
to these channels.

CHy, 0fm. GH, + H (1078)

CHs, 0B, GHs + Ch (1079)

The current findings highlight the dominance ofctean (1078) in agreement
with studies of Muller-Markgraf and Troe [86], Bnwar et al. [87], Rao and
Skinner [27] and Hippler [88]. There is, however, disagreement with
Pamidimukkalaet al.[85] who proposed reaction (1079) as the main ohgasition
channel. As shown in the work by Oehlschlaeger al. [90], the overall
decomposition rate agrees with Braun-Unkhoff [ZBhg et al. [89] and Lutheret
al. [104] with a deviation of less than 30%. Recomnadiahs of Pamidimukkalat
al. [85] and Rao and Skinner [27] are significantigvgbr.

The benzyl radical decomposes (90%) via reacti®®)(8aturing the rate of

Colket and Seery [77] leading to the cyclopentaglieadical and acetylene.
CHs + GH, = GHy (805)

The cyclopentadienyl radical leads to the formatdrthe propargyl radical
and acetylene (60%) or isomerizes to the lineanfof CsHs(L) (38%) .
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CsHs = GH; + GH, (806)
CsHs - GHs(L) (819)

Both decomposition channels (806) and (819) wesigaed rate constants
computed from potential energy surfaces using k&igransition state theory and
Rice-Ramsperger-Kassel-Marcus/master equation appes [15]. A faster rate of
Kern et al. [52] was also tested but lead to overproductiothefhydrogen atom by
20%.

The other main product of the toluene thermal dgmusition, the phenyl
radical, undergoes isomerization to the lin€xHs(B) or undergoes hydrogen
fission reactions that follow a route froGgHs — CsHs — CgHiL — CgHz — CeH>
and both channels lead to the formation of acegylea 1,3-butadiyne. A schematic
representation of the toluene thermal decomposfbor2.0 ppm of fuel at 1515 K
and 1.85 bar is shown in Figure 4.12.

The temporal evolution of the hydrogen radical astoolled predominantly

by reaction (1078), which accounts for 92% of thedpction.

C7H8 = 7H7 +H (1078)

The concentration of the hydrogen radical is alsnsgive to reactions (1080),
(928), (929) and (1081) which are responsible %223%, 12% and 11% of the
consumption respectively. The rates for reactid®80Q) and (1081) were adopted
from Oehlschlaegeet al. [90]. The rate for the hydrogen assisted hydrogen
abstraction reaction (928) was adopted from Leurtglandstedt [73]. The benzene
formation reaction via hydrogen addition to thepHeadical (929) was assigned a
rate proposed by Baulat al. [101].

C,Hg +H = {E, +H (1080)
CeHs +H = &, +H (928)
CHs  +H = & (929)

CHs +H = gy +Ch (1081)
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The impact of reaction (1080) on the hydrogen peofias also noted by Braun-
Unkhoff et al. [28], who considered it in the context of a brimgiagreement
between their measured and computed hydrogen gsofilhe rates proposed by
Braun-Unkhoffet al. [28] and Baulchet al. [101] were tested for reaction (1080),
but caused an increase of the hydrogen concemtra20% compared to the rate
proposed by Oehlschlaegstral. [90]
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Figure 4.12 Predicted toluene thermal decomposjathways corresponding to the study
of Braun-Unkhoffet al.[28] with an initial fuel concentration of 2.0 ppifi = 1515 K and
P =1.85 bar.
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4.7 Oxidation Paths

The reaction paths for toluene oxidation under khiobe conditions were
analysed at the conditions of Vasudewnal. [26], who measured the temporal
evolution of theOH radical for a stoichiometric mixture of 0.1% tohgeand 0.9%
oxygen in argon mixture at 1689 K and 1.79 atm.

The overall toluene decomposition is mainly coméeblby four reactions as
discussed above. These include the two main thedeabmposition pathways
leading to the formation of benzyl (1078nd the phenyl radical (1079) which are
each responsible for 18% of the fuel consumptiod &mo hydrogen assisted
hydrogen abstraction reactions (1080) and (10&Ditey to the formation of benzyl
(29%) and phenyl radicals (10%) respectively. Takes of these four steps were
adopted from Oehlschlaegetral.[90].

C7He =8, +H (1078)
C/Hg = ¢85 +CH; (1079)
C/Hg +H = &y +H (1080)
CHs +H = #s  +CH (1081)

According to the temporal evolution of tkH radical concentration, the fuel
decomposition follows three stages. The first regidere initiation reactions occur
and the fuel is decomposed, the second region whargon occurs due to chain
branching reactions and the third region with ze#tOH production. These regions
for the specific test case considered, are sephfat¢imes up to 10Qs, 250us and
800 us. Hence, the contribution of each decompositiap varies with time.
Although reaction (1078) plays a significant ratethe overall fuel consumption, it
is predicted that it is responsible for 20% of finel decomposition in the first stage,
with no impact on the subsequent stages of the duelation process. Reaction
(1079) is responsible for 19%, 12% and 14% of tnel lecomposition over the
three stages.

The contribution of reaction (1080) to the fuel somption increases over
time from 27% in the first region to 45% in the sed and third regions
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respectively. The reaction consumes the reactiveatlical and leads to the
formation of the less reactive benzyl radical anolaoular hydrogen. It must be
noted that reactions that consume reactive radidatsrg fuel oxidation, can be
inhibit ignition. However, as it is shown above anduel pyrolysis conditions, this
reaction step is necessary for the consumptiorh@fhlydrogen radical. Reaction
(1081) follows an increasing impact on the fuel stonption as the time passes
from 9% at the first stage to 15% up to the entheffuel decomposition.

The benzyl radical produced from reactions (1078) §080), undergoes
thermal dissociation that leads to the productibthe cyclopentadienyl radical and
acetylene via reaction (805) which accounts for 830the benzyl consumption.

The rate of Colket and Seery [77] was applied i® skep.

CsHs + GH, = @H; (805)

Benzene is mostly produced (50%) via reaction (@8t consumed (38%)
via reaction (959) for which a rate from Leung dmaddstedt [73] was adopted. A
rate of Leung and Lindstedt was also assignedatctitn (956) which is responsible
for 30% of the benzene consumption. The produatiadhe phenoxy radical and the
hydrogen atom via oxygen attack on benzene is n=iiple for 28% of the

consumption of the latter with a rate adopted fidiNaro et al.[91].

CHs +H = s +Ch (1081)
CéHs  + OH = s + HO (959)
CeHe +H = s + H (956)
CeHe +0 = &0 + H (957)

The phenyl radical is initially produced (75%) fronthe thermal
decomposition of toluene via reaction (1079). Aseipasses and most of the fuel is
consumed, secondary reactions occur and the phadigdal pool is produced via
reactions (958) and (956) that were assigned fatgs Leung and Lindstedt [73].
The contribution of reaction (958) to the phenydguction remains the same up to
800 us (47%), but reaction (956) is responsible for leetmv38% and 48 % of the

production.
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C/Hg = ¢85 + CH; (1079)
CGHG + OH = €H5 + Hzo (958)
CeHs +H = gHs +H, (956)

The consumption of the phenyl radical proceeds Indb4u%) via reaction
(934) featuring molecular oxygen attack on the pheadical leading to the
phenoxy radical and an oxygen atom. A rate frormed al.[105] was adopted for
this step. In addition, a hydrogen atom is absthdrom the ring (18%) via
hydrogen attack (928) that leads to the produatifo@sH, and molecular hydrogen.
The rate assigned to reaction (928) was obtainau freung and Lindstedt [73].
Approximately 12% of the phenyl radical consumptimecurs via reaction (935)
which involves molecular oxygen addition to the mpyleradical leading to the

formation of the phenyl peroxy radical.

CeHs + G =¢s0 +0O (934)
CeHs +H = &, +H (928)
CeHs + G = 500 (935)

The phenoxy radical is mainly produced (58%) fraacation (934) and then
decomposed (83%) to cyclopentadienyl and carbonoxida (994) and 15% of its
concentration is responsible for the formation aemol (995). The rate for the
carbon monoxide abstraction was adopted from LeamdyLindstedt [73] and the

rate for the phenol formation was adopted from Dad\& al. [91].

C6H5O = 555 + CO (994)
C6H5O +H — @'l5OH (995)

The consumption o€sH, follows the reaction rout€sHs — CgHiL — CgHz
— CgH; —» CH, —» CH,O — CH, to end up forming acetylene. The
phenylperoxy radical decays via two thermal patravéih006, 1010) and leads to



108 Chapter 4

the formation of reactive radicals which are resiole for 68% and 22% of the
consumption. Both decomposition steps were assiginedates of DiNaret al.
[91]. Thep-benzoquinone that is formed via (1010) is decora@de acetylene via
the formation ofCgH303; andCsHsO.

CsHs0O0 =80 +0O (1006)
C6H5OO = 68402 +H (1010)

The cyclopentadienyl radical, which is produced \enzyl radical
decomposition or via the phenyl radical degradatmurte, is decomposed via four
main reaction pathways. Approximately 30% is thdlyndecomposed leading to
the formation of acetylene and the propargyl rddica 29% reacts with the oxygen
atom leading to carbon monoxide a@gHs(T). Moreover, 15% isomerizes to a
linear structure and 13% recombines with hydrogeming cyclopentadiene. Rates
for reactions (806), (807) and (819) were calculatyy Robinson [15] from
potential energy surfaces determined using variahlesition state theory and Rice-
Ramsperger-Kassel-Marcus/master equation approagheate from Kernet al.
[52] was applied to the hydrogen recombinationtieaq832).

CsHs =383 + GH; (806)
CHs +0O = fHg(T) +CO (807)
CsHs = 85(L) (819)
CsHe =85 +H (832)

4.8 Conclusions

In the current chapter a detailed chemical reactpalysis of the toluene
chemistry was presented for a reasonably wide rahg®nditions. The chemical

sub-model was evaluated under shock tube conditaord analyzed for both
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pyrolysis and oxidation cases. New reaction rategevevaluated their impact was
analysed.

The H atom profiles show generally good agreement witasarements
under pyrolytic conditions. Under oxidation conalits and at high temperatures, the
current toluene chemistry captures the temporaluéon of the OH radical in
excellent agreement with the measurements. The rmtajaene consumption
pathways were identified by performing reactionhpaalysis. Ignition delay times
for stoichiometric toluene mixtures were also coteduand showed good
agreement with the experimental data sets of Vasurdst al. (2005) and Burcatt
al. (1986).

The results are encouraging and suggest that tlnentueaction class based
approach can be applied also to other methyl subedi aromatic fuel compounds

that form part of real and surrogate fuel formwlas.
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Chapter 5

N-Propyl Benzene

5.1 Introduction

Previous studies of the oxidation wfalkyl benzenes have highlighted that
after the side chain removal, the fuels follow #zme oxidation route as that of
benzene. Benzene has been studied extensivelgabutot represent more complex
aromatic fuels that are present in commercial derdpropyl benzene is
potentially a good candidate representing the malkglated and mono cyclic
aromatic component of fuels such as gasoline, deaskkerosene [36]. The current
work was focused on determining the process ofside chain removal and the
steps that characterize it. Three routes were f@¢rwbmolysis — direct cleavage of
the side chain followed by the oxidation of the a&mmg radical, (ii) displacement
of the alkyl side chain by a radical species ainggbstraction of a hydrogen atom
from the alkyl group [106-109].

Due to the analogy between the alkyl benzenes Wathes regarding atomic
hydrogen abstraction by another radical, reactiwase proposed for the-propyl
benzene chemistry based on the propane chemistmedMer, this analogy between
alkanes and normal alkyl benzenes can be usedetoutidlerstanding and the

prediction of the behaviour ofpropyl benzene.

Abstraction route

N-propyl benzene has three primary, two secondary @vml benzylic
hydrogen atoms. According to the hydrogen carbondimg rules, the benzylic
bond is the weakest as compared to the primarysandndary, thus it is easier to
abstract a hydrogen atom from the benzyl carbomaite benzylic bond strength
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is 368 kJ/mol, the secondary and primary are 39ndéd and 410 kJ/mol
respectively. Moreover, the benzylizH bond strength is less than t@eH bonds
of the other two sites due to the resonance ofdhkelting benzyl radical. From the
bond strengths, it is easy to say that the benhyldrogen atom abstraction is the
dominant abstraction reaction [108, 109].

Alkyl benzenes are characterized by resonance wikiglesponsible for the
promotion of the benzylic hydrogen abstraction. ldeer, it is not possible for any
other oxidation to occur to the benzylic radicalitas stereochemically hindered
[110]. The radical species that play the role efalstractor are predominanity O
and OH. For the benzylic hydrogen abstraction, the reastithat occur are the

following:

C6H5'CH2'CH2'CH3 + X<—> C6H5-CH'CH2-CH3 +XH (5.1)
CgHs-CH-CH,-CH; «— CgHs-CH=CH, + CH; (5.2)

where X =H, O andOH

The resulting benzylic radical will undergo a bst#ssion to form styrene and
the methyl radical (5.1) - (5.2). Hence, the eajpearance of styrene shows that
the above step is quite significant for the fuetdikdown route. Styrene can be
further decomposed t6HsCHCH, benzene or react with oxygen leading to the

formation of oxygenated species [108].

CeHs-CH=CH, + X < GCiHs-CH=CH + XH (5.3)
CeHs-CH=CH & GCHsC=CH + H (5.4)
CeHs-CH=CH, + H < GCgHs + CH=CH, (5.5)
CeHs-CH=CH, + O < GCgHs-CH,-CHO (5.6)
CeHs-CH>CHO & GHsCH,  + HCO (5.7)

The primary hydrogen abstraction is as follows:

CeHs-CH,-CH,-CHz + X «» CgHs-CHy-CHy-CH, + XH (5.8)
CeHs-CHy-CHy-CH, <> CgHs-CH, + CH,=CH, (5.9)
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The resulting benzyl radical has three possibleéetor its further oxidation;
() toluene formation via hydrogen addition, (igrzaldehyde formation via oxygen
addition or (iii) alkyl radical recombination to éhbenzyl side producing alkyl
benzene with a prolonged chain. The alkyl radical the latter case could be
species such a€Hs;, CHs and CsH;. Ethylene appears in large quantities in
experimental studies of-propyl benzene oxidation showing that the primary
hydrogen atom abstraction is a significant pathtierfuel oxidation [109].

Since significant quantities of products from prignand benzylic hydrogen
abstraction are measured, it is expected that gdacpiydrogen abstractions occur
due to the fact that the secondary hydrogen cabod strength is between the two

other cases.

CeHs5-CHx-CHp-CHz + X «»  CGgHs-CH,-CH-CHsz + HX (5.10)

CeHs-CH,-CH-CH; — GCHs-CH=CH-CH; + H (5.11)
CeHs-CH,-CH-CH; — CgHs + CH,=CH-CH3 (5.12)
CeHs-CH,-CH-CH; < CgHs-CH(CH,)-CHj (5.13)
CgHs-CH(CH,)-CHs < CgHs-CH=CH, + CH; (5.14)

Apart from the two products of reactions (5.115-1@), isomerization (5.13)
or phenyl shift (5.14) may also occur. Hydrogenftsiiom the benzylic to the
secondary carbon atom is possible, producing dipdnenyl propyl radical, the
product of benzyl hydrogen abstraction; the oxmabf the latter leads to styrene.
Instead of a hydrogen shift, it is also possibletfi@ phenyl group to be transferred
to the beta-carbon atom (5.14) [111]. The proddcthe phenyl shift (5.14) will

lead to styrene production.

Displacement of the alkyl group

The displacement of the propyl group by a radigacges (e.s. a hydrogen
atom) produces benzene and the propyl radical. deftection of propylene in the
products suggests strong evidence that the digpkaereaction occurs.

C6H5-CH2-CH2-CH3 + H o CeHe + 03H7 (5.15)
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Homolysis

The homolysis reaction route involves carbon-carloteavage. There are
three possible routes for this.

C6H5-CH2-CH2-CH3 > C6H5 + CHZ-CHZ-CHg (5.16)
C6H5'CH2'CH2-CH3 > C6H5-CH2 + CHZ-CHg (5.17)
CeHs-CHy-CHy-CH; <> CHs-CHy-CH, +CHs (5.18)

The homolysis route is known to have large actoragnergies, hence it will
only be an important path at high temperatures. @dmzylic C-C bond is weaker
than the other two in the chain and its breakagx®cted to occur faster.

In this study, the oxidation steps wpropyl benzene were analysed and the
fuel breakdown was predicted for two different prees and different
stoichiometries. The chemical reaction model wasvdd from analogies with
propane and toluene chemistries. The rates addmtelde reactions steps were also
based on the kinetics of propane and toluene afidatian was performed with
data obtained in jet stirred and shock tube reactor

5.2 Modelling Approach

The updatedh-propyl benzene reaction mechanism used here comgi$683
reversible reactions involving 269 species. Theerse® rates were computed via
equilibrium constants. The rates of consumption gwdduction were also
calculated for each species. The thermochemical ded obtained from literature
sources [71] and, when not available, were caledlatith quantum mechanical

methods using Gaussian-03 [15].
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5.3 Oxidation at Atmospheric Pressure

The oxidation ofn-propyl benzene was studied under Jet Stirred Reacto
(JSR) conditions at atmospheric pressure and vatidatilizing measurements
obtained by Dagaut al.[36]. Three different stoichiometrie® = 0.5, 1.0 and 1.5)
were analyzed for a temperature range of 900 — K2bDable 5.1). Concentration
profiles of all major species were computed at amesidence time af= 70 ms
and significant pathways for the fuel breakdown evétentified. Comparisons
between the simulations and experimental data feets Dagautet al. [36] are

shown in Figure 5.1 to Figure 5.9.

o P(atm) T (K) X0, XCyH1

0.5 1.0 900-1200 0.024 0.001
1.0 1.0 950-1250 0.012 0.001
15 1.0 950-1250 0.008 0.001

Table 5.1 Experimental and modelling conditionstfar oxidation oh-propyl benzene in a
jet-stirred reactor at P = 1 atm. The species aaragons correspond to mole fractions

The overall species evolution profiles as a fuorctnf temperature are well
reproduced by the currentpropyl benzene chemistry. The major species tha¢ we
measured by Dagawt al. [36] apart fromO,, CO andCO,, were ethyl benzene
(CgH10), styrene CgHg), toluene C;Hg), benzene@eHg), acetylene,H,), ethylene
(CzHy4), methane €@H4) and formaldehydeQH,O). The fuel decay is very well
captured for all the three tested equivalencesatial as the stoichiometry increases
a better agreement between the model and the negasats is achieved for all the
intermediate major species. The agreement betwhen ptedictions and the
measurements of the fuel decay shows thantheopyl benzene submechanism is

adequate.
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Figure 5.1 Concentration profiles of intermedigieses duringn-propyl benzene oxidation
in a jet-stirred reactor witltdb = 0.5, P = 1 atm, T = 900 - 1200 K. The circles ar
measurements [36] and the solid line the currentiksition.
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Figure 5.2 Concentration profiles of intermedigieaes duringn-propyl benzene oxidation
in a jet-stirred reactor witib = 0.5, P =1 atm, T = 900 - 1200 K. The circles are
measurements [36] and the solid line the currentisition.
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Figure 5.3 Concentration profiles of intermedigieses duringn-propyl benzene oxidation
in a jet-stirred reactor witld = 0.5, P =1 atm, T = 900 - 1200 K. The circles are
measurements [36] and the solid line the currentisition.
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Figure 5.5 Concentration profiles of intermedigiedes duringn-propyl benzene oxidation
in a jet-stirred reactor witldb = 1.0, P = 1 atm, T = 950 - 1250 K. The circles ar
measurements [36] and the solid line the currnemtlgtion.
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Figure 5.6 Concentration profiles of intermedigieaes duringn-propyl benzene oxidation
in a jet-stirred reactor witib = 1.0, P = 1 atm, T = 950 - 1250 K. The circles ar
measurements [36] and the solid line the curremtlgtion.
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Figure 5.7 Concentration profiles of intermedigiedes duringn-propyl benzene oxidation
in a jet-stirred reactor witib = 1.5, P =1 atm, T = 950 - 1250 K. The circles are
measurements [36] and the solid line the currentilsition.

P=1bar,®=15

400 500
- C_H I
CeHyg T8 400
300 [~ d
- 300
200
E 200
& 100
— 100
=
©
2 600 250
S
3 200
= 40
Eo 150
100
200
50
0 0
950 1050 1150 950 1050 1150 1250

Temperature [K]
Figure 5.8 Concentration profiles of intermedigieaes duringn-propyl benzene oxidation
in a jet-stirred reactor witib = 1.5, P =1 atm, T = 950 - 1250 K. The circles are
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5.4 Rate Analysisfor Fuel Oxidation at Atmospheric Pressure

A reaction rate analysis was performed for a figl mixture (0 = 1.5) tested
under oxidation conditions in jet-stirred reactbraatemperature of 1050 K and at
atmospheric pressure.

Computations show that the fuel decomposes predotiin (35%) by
homolytic fission at the secondary carbon atom h# branch leading to the
formation of benzyl and ethyl radicals. An addiabi0% of the fuel is consumed
via hydrogen abstraction reaction with hydrogenmatattack on the ‘benzylic’
(primary) carbon atom of the branch forming 1-ptiopgnzyl radical (1600). The
kinetics of reaction (1634) was estimated accordmthe approach of Dean [13].
The same approach was applied to @€ homolytic steps that occur either at the
primary or at the tertiary carbon atom to estinth&ar kinetics. The rate utilized for
reaction (1600) was based on suggestions of Dagat[36].

Approximately 23% of the total fuel consumptiomds to the formation of
the 1-propyl benzyl radical via hydrogen atom aigton with H, O and OH
radicals. The primary homolytic reaction which ascuia C-C scission leading to
the phenyl and propyl radicals corresponds to 8%h@fotal fuel consumption with
a rate assigned based on the approach of Deandagtoximately 16% of the total
fuel concentration is decomposed via hydrogen atistn reactions leading to the
formation of the 2-propyl benzyl radical in comsamn to 8% of the fuel that leads
to 3-propyl benzyl radical (Figure 5.10).

CoHyo = & + GHs (1634)
CHi, +H = 1y + H (1600)

The 1-propyl benzyl radical decomposes (100%)yese via methyl radical
abstraction with a rate adopted by Dageiugl. [36]. The step also constitutes the
major styrene formation pathway. Once styrene wawéd, five major routes were
detected that contribute to its decay. Reactio®§)livas assigned a rate proposed
by Maurice [112] and contributes 21% to the constom of styrene. The formed
CgH7(P) recycles back to styrene (78%). The formationhef benzyl radical and
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CHO (1198) constitutes the second major consumpticthway (18%) with a

reaction rate suggested by Potter [75].

C8H8 + OH = §H7(P) + HZO (1196)
C8H8 + 0 = €H7 + CHO (1198)

Reactions (953), (920) and (1199) make approximatgual contributions to the
styrene consumption at 13, 12 and 10% respectively.

CeHs + GHs = GHs +H (953)
CeHs + GH, = GHs +H (920)
CsHs +0 = Hs + CHCO (1199)

The major product of the fuel decay, the benzyiaald recombines with a
hydrogen atom leading to the formation of toluene aontributes (35%) to the
total rate of formation. The recombination stepthe major toluene formation
channel (90%) and was assigned a rate from Oehbsgai et al. [90].
Approximately 34% of the benzyl radical reacts witle methyl radical and forms
ethyl benzene with rate proposed by Lindstetltal. [61]. The reaction step
represents the major ethyl benzene formation chg@iiéo). Moreover, 20% of the
benzyl radical recombines leading @4H14 with a reaction rate obtained from
Oehlschlaegeet al.[90]. The major benzyl consumption steps are shiowfigure
5.11.

Ethyl benzene is consumed via two major steps.disacement of the ethyl
branch via a hydrogen atom is responsible for 50f6the ethyl benzene
consumption. The second major channel occurs vilidgen atom abstraction to
the formation of ethylbenzyl radical (34%) whictsestially recycles back to ethyl
benzene (95%).

CegHip +H = &Ee + GHs (1207)
CHio +H = £ +H (1206)
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Benzene is decomposed via oxygen atom additionhgddogen abstraction
(957) leading taCsHsO (58%) with a rate adopted from DiNagbal.[91] and 34%
to the phenyl radical vi®@H attack (959) with a rate of Leurgg al. [73]. Oxygen
addition to the phenyl radical leads to the promuncof CsHsO (57%) andCesHsOO
(42%). The latter products are responsible for @yehtadienyl radical production
by 70% and 25% respectively.

C@H@ + 0 = &5'50 +H (957)
C@H@ + OH = 6E|5 + I-bO (959)

As mentioned above, the major fuel consumption washproduces benzyl
and ethyl radicals and also constitutes the mdjor eadical formation step (96%).
The ethyl radical is consumed via hydrogen abst@ac{95%) leading to the
formation of ethylene (76%).

Acetylene is another important specie produced ndumpropyl benzene
oxidation. The main channel is via the thermal degosition of the
cyclopentadienyl radical (41%), which features djusted reaction rate proposed
by Kern et al. [52]. An additional 28% of the acetylene prodactioccurs via
methyl abstraction from th€3Hs(S) that is formed through the following reaction
routeCgHi, <> 2GH 13 <> C3Hg > C3H5(S) > CoHo.

Methane is formed via reaction routes directly édko the fuel and involves
hydrogen abstraction via methyl radical attack. Tilgdrogen abstraction reactions
lead to the formation diCyH1; and3CgH;; with each of these contributing 20% to
the methane production. It must be noted that #lative methane production
channel that produceé®CgH;; is responsible for not more than 3% of the methane
production. The rates assigned to the followingtieas are based on the kinetics

of propane suggested by Tsang [113].

CHiz, +Ch = 1+, +CH, (1610)
CHi, +Ch = 311 +CH (1613)
CHi, +Ch = 2H;; +CH, (1614)
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Figure 5.10 Majon-propyl benzene decomposition routesdos 1.5, T = 1050 K and P =
1 atm in a jet-stirred reactor
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Figure 5.12N-Propyl benzene oxidation fab = 1.5, T = 1050 K and P = 1 atm in a jet
stirred reactor
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5.5 Oxidation at High Pressures

The oxidation oh-propyl benzene was also studied under Jet Stirestiar
(JSR) conditions at a pressure of 10 atm and waliatilizing measurements
obtained by Dagawgt al. [114]. The stoichiometries tested were 0.5, 1.8, dnd
2.0 for a temperature range of 900 — 1200 K. Camagans of the major species
are predicted at a residence time wof= 0.5 sec. The conditions tested are
summarized in Table 5.2. Comparisons between thelations and experimental

data sets from Dagaat al.[114] are shown in Figure 5.13 to Figure 5.24.

L) P(atm) T (K) XO, XCgoH1o

0.5 10.0 900-1200 0.024 0.001
1.0 10.0 900-1200 0.012 0.001
15 10.0 900-1200 0.008 0.001
2.0 10.0 900-1200 0.006 0.001

Table 5.2 Experimental and modelling conditionstfar oxidation oh-propyl benzene in a
jet-stirred reactor at P = 10 atm. The species@unations correspond to mole fractions

The computed species profiles for all the equivaeratios are reasonably
well reproduced when compared to the measuremiragictions in this study are
shown on a normal scale compared to the logarithrar@ant often used in other
studies in order to highlight both agreement arsdrépancies in the fuel decay and
species formation at high pressures. Thpropyl benzene submechanism that
involves the thermal scission at either of theeahrarbon atoms of the branch plays
a pivotal role in the evolution of the rest of timajor species. The reaction rates
applied to these three steps were initially basethe propane chemistry and found
to result in slow ignition and underpreduction loé¢ tspecies concentrations. Hence,
an adjustment according to that of the Dean [18pth was applied to the channels

and was shown to perform better and arguably isfaatory predictions.
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Figure 5.13 Concentration profiles of intermediatecies duringn-propyl benzene
oxidation in a jet-stirred reactor with = 0.5, P = 10 atm, T = 900 - 1200 K. The circles a

measurements [114] and the solid lines the cunemiputations.
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Figure 5.14 Concentration profiles of intermediapecies duringn-propyl benzene
oxidation in a jet-stirred reactor with = 0.5, P = 10 atm, T = 900 - 1200 K. The circles a

measurements [114] and the solid lines the cuopemputations.
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Figure 5.15 Concentration profiles of intermediapecies duringn-propyl benzene
oxidation in a jet-stirred reactor with = 0.5, P = 10 atm, T = 900 - 1200 K. The circles a

measurements [114] and the solid lines current coations.
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Figure 5.16 Concentration profiles of intermediapecies duringn-propyl benzene
oxidation in a jet-stirred reactor with = 1.0, P = 10 atm, T = 900 - 1200 K. The circles a

measurements [114] and the solid lines the cuopemputations.
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Figure 5.17 Concentration profiles of intermediatecies duringn-propyl benzene

oxidation in a jet-stirred reactor with = 1.0, P = 10 atm, T = 900 - 1200 K. The circles a

measurements [114] and the solid lines the cunemiputations.
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Figure 5.18 Concentration profiles of intermediapecies duringn-propyl benzene
oxidation in a jet-stirred reactor with = 1.0, P = 10 atm, T = 900 - 1200 K. The circles a
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Figure 5.19 Concentration profiles of intermediapecies duringn-propyl benzene
oxidation in a jet-stirred reactor with = 1.5, P = 10 atm, T = 900 - 1200 K. The circles a

measurements [114] and the solid lines the cuopemputations.
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Figure 5.20 Concentration profiles of intermediatecies duringn-propyl benzene
oxidation in a jet-stirred reactor with = 1.5, P = 10 atm, T = 900 - 1200 K. The circles a

measurements [114] and the solid lines the cunemiputations.
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Figure 5.21 Concentration profiles of intermediapecies duringn-propyl benzene
oxidation in a jet-stirred reactor with = 1.5, P = 10 atm, T = 900 - 1200 K. The circles a

measurements [114] and the solid lines the cuopemputations.
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Figure 5.22 Concentration profiles of intermediatecies duringn-propyl benzene
oxidation in a jet-stirred reactor with = 2.0, P = 10 atm, T = 900 - 1200 K. The circles a

measurements [114] and the solid lines the cunemiputations.
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Figure 5.23 Concentration profiles of intermediatecies duringn-propyl benzene
oxidation in a jet-stirred reactor with = 2.0, P = 10 atm, T = 900 - 1200 K. The circles a

measurements [114] and the solid lines the cunemiputations.
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Figure 5.24 Concentration profiles of intermediatecies duringn-propyl benzene
oxidation in a jet-stirred reactor with = 2.0, P = 10 atm, T = 900 - 1200 K. The circles a

measurements [114] and the solid lines the cunemiputations.
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5.6 Rate Analysisfor Fuel Oxidationsat High Pressures

A reaction rate analysis was performed for a figd mixture (0 = 1.5) that
was tested under oxidation conditions in a jetatirreactor at a temperature of
1050 K and at a pressure of 10 atm.

The fuel is decomposed through the same reacteps sis at low pressures.
The C-C scission proceeds through a homolytic reactior®qRtat leads to the
formation of benzyl and ethyl radicals (1634) playsignificant role. However, the
impact of the step is reduced as compared to tmribotion of 35% at low
pressures. The other two major products of thedarsumption1CgH;; (23%) and
2CgH11 (16%), are produced through hydrogen abstrac#actions. However, at
high pressures the dominant fuel consumption cHahatleads to the formation of
1CoH11 (1602) occurs vi®H attack (15%) compared to the hydrogen atom attack
which is favoured at atmospheric pressures. Theesgpplies to the formation of
the 2CsH1; radical (1605), which is mostly produced WvaH attack which is

rensponsible for 12% of the total fuel breakdown.

CoHy2 = M + GHs (1634)
C9H12 + OH = 1@"11 + Hzo (1602)
C9H12 + OH = 2@"11 + Hzo (1605)

The 1CgH;; decomposition follows the same route as at lowesgures by
producingCgHg (100%). Styrene is further decomposed via thraeetien channels
(1196, 1197, 1198). Reaction (1196) shows an isecampact as the pressure
increases. At the 10 atm the step contributes 36Atpared to 21% for the low
pressure. Reaction (1197) also plays a significalat in the styrene consumption
(15%), and the impact is increased by a facta2 cbmpared to the low pressure
case. A rate suggested by Maurice [112] was tdstiédaused toluene and phenyl
acetylene overproduction as it was found to beefatstan that proposed by Rizos
[72] by a factor of 2. The rate proposed by RiZa3] jwas also tested and found to
produce satisfactory results that improve the fsfof CgHs, C;Hg andCgHg. The

atomic oxygen attack on styrene leadingCk& scission and production of benzyl
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and formyl radical shows a reduction to 11% as ameqg to 19% at atmospheric

pressures.
CeHs  + OH = ¢+(P) + HO (1196)
CeHs  + OH =@, + CHO (1197)
C8H8 + O = £H7 + CHO (1198)

The benzyl radical, which is one of the major pridu(1634) follows a
different route at higher pressures. Although itdescomposed via three major
pathways, only two of these are identical at low &rgh pressures. Moreover, the
impact of the two identical consumption routesIsoaifferent. More specifically,
the benzyl radical reacts with the methyl radieagding to the formation of ethyl
benzene (1063) contributing 20%, as compared to 84&tmospheric pressures. A
big difference is also noted for the hydrogen relom@ation reaction withC;H-
leading to the formation of toluene (1078), whishresponsible for only 13% of the
benzyl radical consumption compared to 35% at gbfmeisc pressure. A major
difference at 10 atm is that the benzyl radicalsdoet recombine with itself to the
formation of Ci4H14 as at 1 atm, but it is being oxidized @H;O via HO, via
reaction (1064), which contributes up to 47% to liemzyl radical consumption.
The rate assigned to reaction (1064) follows thggestions by Rizos [72] and is
based on suggestions of Eiisal[115].

C7Hy + Ch = GHyo (1063)
C7H7 + HQ — GH7O + OH (1064)
C7H8 = 757 + H (1078)

Ethyl benzene is consumed (29%)QgH,, and subsequently recycles back.
The rate assigned to (1206) was adopted from Maytit2]. An additional 43% of
CgH1o reacts with atomic hydrogen leadingdgHs andC,Hs in a similar manner to
the lower pressure case. The rate used for rea¢figf7) was adopted from
Robaughet al.[116].
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CeHip +H = &Fe + GHs (1207)
CHio +H = £ +H (1206)

Benzene is predominantly formed (30%) from the rttedrdecomposition of
C7H;0O, which is produced (90%) from the benzyl radicad 46% from the primary
C-C scission of propyl benzene via hydrogen attack.elas, at low pressures
benzene is formed by the prima€rC scission of the fuel (65%). Benzene is
oxidized via two major reaction routes, the impafoivhich is reversed compared to
the low pressure case. Reaction (957) is respandidnl 34% of the benzene
oxidation versus 59% and reaction (959) is respmad$or 56% of the consumption

versus 33% at atmospheric pressure.

C6H6 + 0 = éE|5O +H (957)
C@H@ + OH = 6E|5 + I-bO (959)

As mentioned above, ethyl benzene is responsilsleht® production of the
ethyl radical which leads to the formation of etmg (60%). Acetylene is formed
(56%) from C4Hs;. At low pressures, acetylene is produced via tlaérm
decomposition ofCgHs5(S) (27%) and CsHs (41%). Hence, at high pressures
acetylene follows a different formation route.

The production of methane is also interesting. ihhpressures, methane is

produced via three major channels (80, 81, 106)dbanot directly involve the fuel.

CH, + HQ = CH + Q (80)
CH, + H =CH + R (81)
CHO + CH = CHO +CH (106)
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Figure 5.25 Benzyl radical consumption pathsdfor 1.5, T = 1050 K and P = 10 atm in a
jet-stirred reactor
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5.7 N-Propyl benzene I gnition Delay Times

Ignition delay times forn-propyl benzene were computed and validated
against measurements obtained by Ebeziwad. [117] as shown in Figure 5.27. The
data were obtained in-propyl benzen&l,/Ar mixtures for a temperature range of
1400 — 1760 K, a pressure range of 5 atm and stonries from 0.8 — 1.142. The
ignition delay time was defined by Eberigsal. [117] as the time needed for the
CH-emission signal to reach its peak value. Low dilut conditions were
responsible for difficulties in evaluating the ma@sl data by Eberiust al. [117]
due to the change in density during the progresesattion. Hence, a series of
experiments for fueld, mixtures diluted in Argon were used. The setaifditions

computed are shown in Table 5.3.

[CoH12](ppm) [Oy] (ppm)  [Ar] (ppm) @ P(am) T (K)

1 537 8057 991406 0.800 5 1437
2 545 8057 991398 0.812 5 1416
3 537 8057 991406 0.800 5 1569
4 545 6289 993166 1.040 5 1468
5 544 6289 993167 1.038 5 1631
6 541 6289 993170 1.032 5 1549
7 598 6284 993118 1.142 5 1558
8 536 6284 993180 1.024 5 1555
9 542 6284 993174 1.035 5 1478
10 536 6284 993180 1.024 5 1759
11 538 6295 993167 1.026 5 1448
12 537 6295 993168 1.024 5 1606
13 553 6295 993152 1.054 5 1550

Table 5.3 Experimental and modelling conditionsrfgaropyl benzene ignition delay times
in a shock tube

As can be seen in Figure 5.27 the curmptropyl benzyl chemical model
provides very satisfactory predictions of the igmtdelay times at intermediate
temperatures.
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Figure 5.27 Ignition delay times ofpropyl benzene at P = 5 atm, 0.71d& < 1.18. The
circles are the measurements [117] and the sokdis the current simulation
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5.8 Rate Analysisfor Auto-ignition of N-Propyl benzene

A reaction rate analysis was performed at 1148 Hs@C11 - Table 5.2) and
major reaction channels for the fuel breakdown wdsmtified corresponding to
Figure 5.28. The fuel is solely decomposed viarttattbreakdown to phenyl (46%)
and benzyl (51%) radicals. The rates assignedeaahtrmal decomposition steps
(1633) and (1634) were based on the approach af 13

CoHyo = ¢lls + GH7(N) (1633)
CoH12 = 8 + GHs (1634)

The benzyl radical is predominantly (65%) consumed hydrogen
recombination to toluene. Under jet stirred reaatonditions the formation of
toluene is responsible for 35% of the benzyl rddmansumption. Most of the
toluene (47%) recycles back to benzyl radical wadrbgen abstraction reactions
with H (1080) andOH radical attack (1083), while 14% produces benzea€&-C
scission (1081) and 12% is oxidized@&;H- (1091). The rate assigned to reaction
(1080) was adopted from Oehlschlaegeml. [90] and the second benzyl radical
formation channel (1083) used a rate proposed hylcBat al. [101]. The rate
proposed by Oehlschlaeget al. [90] was used for reaction (1081) while the
toluene oxidation channel (1091) was assignedesagigested by Hoffmaet al.
[118].

C/Hg +H = &1, + H (1080)
C/Hg + OH = &, + HO (1083)
CHs +H - §ls + CH (1081)
CHg +0O = O8; + H (1091)

Most of the benzene is consumed via hydrogen attstmawith H (21%) and
OH (42%)) radicals leading to the phenyl radical. Adidonal 32% of the former is
oxidized to phenoxy via reaction with atomic oxyg&he phenyl radical constitutes
the second major direct product from the fuel comstion. However, the
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production comes predominantly from the decompwsibf benzene. Once the

phenyl radical is formed, 71% is oxidised @gHsO (934) and 22% t&CsHsOO
(935) respectively.

CeHs + 0, =¢s0 +0O (934)
CeHs + 0 100 (935)

The phenoxy radical is further decomposed to cyaitgdienyl radical (80%),
which subsequently is thermally decomposed (73%théo propargyl radical and
acetylene. Approximately 34% ofsHs00, is converted toC¢HsO and the
dominant consumption channel G§HsOO leads toCsH4O, formation. The latter

goes through the sequence of reaction steps dhestin Figure 5.28 that lead to the
formation of acetylene.
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Figure 5.28 Reaction pathways for the oxidatiom-pfopyl benzene in a shock tube at T =
1448 K,® = 1.026 and P = 5.06 bar
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5.9 Conclusions

In the present chapter, a detailed chemical meshafor n-propyl benzene
oxidation featuring 1683 reversible reactions al® 3pecies was proposed and
validated under oxidation conditions in jet-stirreghctors and shock tubes. New
reaction rates were evaluated and further updappsied. The validation was
performed via comparisons with ignition delay timasd measured species
concentrations obtained by Eberatsal.[117], Dagautkt al.[36] and Dagaut [114].

The n-propyl benzene chemistry was partly developed basedhemical
structure similarities with toluene and propane feactions occurring at the-
propyl benzene branch. Extensive comparisons betwemputed results and the
measurements for a pressure range ©fPL(atm)< 10, temperatures of 9GOT (K)
< 1250 and for various stoichiometries between<0ib< 2.0 illustrate the ability of
the model to predict the oxidation ofpropyl benzene.

Important reaction paths were identified, inclglithe generation of
styrene. The significance of the thermal breakdaivthe fuel at the primary and
secondary carbon atom was also noted as smallchateges could lead to large
discrepancies in the intermediate species condentsa On the other hand, under
shock tube conditions it was shown that the hydnogjestraction reactions do not
play any significant role. The only reaction stépat initiate the fuel breakdown
and can affect the evolution of the rest of thenmediate species are the thermal
decomposition channels that occur @aC rupture to the primary and secondary
carbon atom. The dominant homolytic reaction stefpoth jet stirred and shock
tube reactors is predicted to lead to benzyl radorenation.

The prediction and measurement of large early aunagons of specific
species such as styrene, ethyl benzene or toluena clear indication that
abstraction and homolytic reactions occur at thggriveng of the fuel oxidation and
promote the fuel decay.

The results presented here are encouraging andesutjgat the current
reaction class based approach can be appliedatghér alkyl substituted aromatic
fuel compounds that form part of real and surrodaéd formulations. It must also

be noted that as the chain increases in length,aa@gories of reaction steps are
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likely to occur such as radical isomerisations,licytransition states and group

shifts along the chain that should be taken intmant.
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Chapter 6

Naphthalene

6.1 Introduction

One of the central subjects of research in the afeaombustion is the
formation of polycyclic aromatic hydrocarbons. Mastydies in the literature have
addressed the formation and growth of the aromadimpounds, which act as
precursors to soot. The control and predictionhef combustion of aromatics is of
high importance for both environmental and headthsons as PAHs are associated
with tumorigenic effects. Hence, the ability to meguce the chemical properties of
of aromatic hydrocarbon fuels is highly required.

The formation of benzene has received particultgntbn and has been
subject to a number of studies [45, 73, 119-122hufmber of growth mechanisms,
specifically reaction routes that proceed via deety addition to alkadienyl radicals
have been reported in the literature [45, 47, 1R@reover, Marinoet al.[58] and
Castaldiet al.[124] suggested that naphthalene is produceddyatombination of
two cyclopentadienyl radicals releasing two hydrogéeoms. The cyclopentadienyl
recombination leading to naphthalene formation walas studied by Meliust al.
[42] and Dean [125]. Moreover, Marinoet al. [126] and Richteret al. [127]
highlighted the role of cyclopentadienyl radicalpremixed flames. A recent study
of Lindstedt et al. [61] proposed a two-step mechanism involving the
cyclopentadienyl route with energy barriers thatiaraccordance with Meliwet al.
[42].

The naphthalene formation and oxidation pathwaggaesented in this study

and compared with plug flow reactor data obtaimng&baddix [24].
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6.2 Modelling Approach

The derived reaction mechanism for naphthaleneatixid was based on the
reactions steps and reaction classes derived framokidation of benzene and
cyclopentadiene with parameters adjusted accordingolecular size and reactive
site differences [70].

The studies by Lindstedit al. [61] Maurice [112]and Potter [75] identified
the importance of the linkages between arom@ti@and Cg structures and the key
role of the indene/indenyl system. In particulae pxidation of indenyl was found
to exert a strong influence on the overall oxidatkinetics of larger aromatic
species such as naphthalene and 1-methyl naph¢haled on the subsequent
product distribution of single ring aromatics. Tdtadies identified possible reaction
channels featuring molecular oxygen (1232, 12334)2hough estimates of the
rates of reaction proved problematic [75]. In tlherent study, the aforementioned
channels were considered along WD, channels (1228, 1229). For this set of
reactions, DFT and composite quantum mechanicdhadstwere used to calculate
the PES. Both RRKM/ME theory and VTST were usedi¢dve estimates of the

rate constants [70].

CH; + O, = GHsO + GH,0 (1233)
CH; + 0, =GH, +CO + CO (1232)
CoH; + O, = GHO + GHO (1234)
CoH; + HO, = CH;O + OH (1228)
CoH; + HO, = CHO + Hp (1229)

The reaction mechanism used here consists of 1&adrgible reactions and
269 species. The reverse rates were computed gical equilibrium. The rates
of consumption and productions were also calculdimd each species. The
thermochemical data was obtained from literaturarses [71] and when not
available were calculated with quantum mechanicathiwds using Gaussian-03 by

Robinson [15].
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6.3 Oxidation of Naphthalene and Reaction Analysis

The naphthalene mechanism was validated underfiowgreactor conditions
and compared with measurements by Shaddix [24].cbhgutations correspond to
conditions of® = 1.1, T = 1197 K and P = 1 atm. An offset of 32 imthe temporal
evolution of the experimental data was also rejgdote Shaddix [24]. Predictions of
reactants and major species are presented in Féglite Figure 6.3.

A reaction rate analysis was performed in ordeidemtify major channels
during the oxidation of naphthalene. The measuraphthalene concentrations
show considerable scatter with the trend in redsenaagreement with
computations. The fuel is decomposed via two majoannels that involved
abstraction with theOH radical (49%) andO addition to the ring forming the
naphthoxy radical (44%). The rate assigned to i@adtl283) was based on the
reaction rate of the hydrogen atom abstraction ftbenbenzene ring as discussed
by Leung and Lindstedt [73]. Relative adjustmentsoading to the benzene
chemistry were applied to reaction (1281) based cate proposed by DiNagi al.
[91].

CigHg + OH = GH- + HO (1283)
Clng + O = §H7O + H (1281)

The naphthyl radical is further decomposed (67%)naphthoxy (1272),
which is the other major product of the fuel decaigh a rate assigned based on the

kinetics of benzene as proposed by Frandl. [105].

C10H7 + 02 = QOH7O + O (1272)

The naphthoxy radical decomposes thermally viaroag@r pathway leading
to the formation of the indenyl radical a@®. The rate assigned to reaction (1326)
was based on suggestions of Potter [75] and adjuisten benzene kinetics. The

reaction is also the major indenyl radical produtithannel (69%).

C10H7O = CgH7 + CO (1326)
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The indenyl radical is consumed via three majothpays. Most (33%)
recombines with the hydrogen atom to indene (1238) a reaction rate assigned
based on suggestions of Potter [75]. The seconde r¢i9%) involvesCO
abstraction via oxygen attack leading to the foromabf CgH; (1224). The rate
assigned to this channel was based on suggestidviawice [112]. A further 17%
of the indenyl concentration reacts wi®, forming the naphthoxy radical (1228)
with a rate proposed by Lindstegital.[70] as mentioned in Section 6.2.

C9H7 + H = Q"g (1222)
C9H7 + O = @"7 + CO (1224)
CH, +HO, = GHO + OH (1228)

Indene is solely formed via the indenyl radical hwitydrogen addition via
reactions withH,, OH andH,O. Once it is formed, it recycles back to the indeny
radical.

The CgH; radical decomposes (100%) to phenyl acetylene avithte adopted
from Wang and Frenklach [119]. A schematic repreg@mn of the naphthalene and

indene oxidation channels is shown in Figure 6.4.

C8H7 = gHG + H (1187)
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Figure 6.1 Concentration profiles of major spedasng naphthalene oxidation in a plug
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Figure 6.4 Naphthalene and indene oxidation pateway
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Reaction (1187) is also the major phenyl acetyfenmation channel (75%).

Phenyl acetylene is oxidised via the five majorctea routes shown below.

CeHe +O = s + GHO (1163)
CeHg  + OH = s + HO (1154)
CeHs +O = g0 + H (1162)
CeHe +O = @0 + GH (1171)
CeHs +O = @C0 + H (1151)

The major phenyl acetylene consumption channéhb}38ccurs via oxygen
attack that removes the side chain @& cleavage (1163). The rate assigned to
reaction (1163) was adopted from suggestions ofidtedtet al. [61]. The second
major consumption channel (1154) occurshiabstraction byDH attack, which is
responsible for 19% o€gHes consumption and utilizes a rate recommended by
Frenklach and Wang [119]. Reactions (1162), (1&sib) (1151) are responsible for
11%, 11% and 10% of the phenyl acetylene consumpéspectively.

Toluene is formed via the benzyl radical, whichfasmed via three major
pathways. The oxidation of the indenyl radical witiblecular oxygen (1232)
constitutes the dominant formation channel forlibezyl radical. The rate assigned
to reaction (1232) was calculated through DFT ammpmosite quantum mechanical
methods were used to calculated the PES with RRKBAMeory and VTST used to
derive an estimate of the rate constant [70]. Apipnately 20% of the benzyl
radical is formed vi&gHg oxidation withOH (1197). The rate assigned to reaction
(1197) was adopted from Maurice [112]. A furthePd df benzyl radical is formed
via reaction (1059) with a rate adopted from Cotkedl.[74].

CyH+ + 0O = GH; + CO + CO (1232)
CgHg + OH = GH, + CHO (1197)
C7H7 + Csz = CgHg + H (1059)

Benzene is formed (32%) through hydrogen assistoherization (980) and
(24%) from benzaldehyde via oxygen addition @ abstraction (1101). Benzene
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is a precursor to the cyclopentadienyl radical fiwmch cyclopentadiene is formed
(92%). Benzene is consumed (47%) to the phenytahdiaH abstraction viaDH
attack and (40%) to phenoxy radical ¥Weaddition and hydrogen abstraction. The
phenyl radical is predominantly consumed (66% hepghenoxy radical.

CGHG(F) + M = GHG + M (980)
CHsO +0O 6He + CO (1101)

The phenoxy radical is responsible (77%) for cyelatadienyl radical
production viaCO thermal abstraction (994) with a rate proposed.byng and
Lindstedt [73]. The cyclopentadienyl radical recaones with theH atom (92%) to
the cyclopentadiene (832) with a rate adopted fikam et al. [52].

C6H5O = §H5 + CO (994)
CsHg £Els +H (832)

Acetylene is also formed (44%) via the thermabkd®own ofCsHs that leads
to C,H, andC3Hs. The rate used for reaction (806) was proposelddig et al.[52]
and was reduced by a factor of 2 due to acetyleegpooduction. The evolution of

C,H, is also affected b@sHs via reaction channels that inclu@eH, andC;H-0.

CsHs = {H, + GHs (806)

Vinyl acetylene production is initially controlledy phenyl acetylene
consumption througlegHsO, which thermally decomposed @&Hs leading toC4H4
via CsH40. A rate by Ristoriet al. [128] was assigned to reaction (900), which is
responsible for 94% of the;H, production.

C5H4O = £H4 + CO (900)
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6.4 Conclusions

In the present chapter, a detailed chemical sulliaresm of naphthalene was
developed and evaluated. Computations were pertbumder PFR conditions and
concentration profiles for reactants and majorrinediate species were obtained.
Reaction rate estimates for tligH; + O,/HO, were computed from Potential
Energy Surfaces using the Rice-Ramsperger-KassedtiéMaster Equation
(RRKM/ME) approach and Variable Transition Stateedtty (VTST) by Lindstedt
et al [70] and the resulting mechanism was evaluatednatthe species profiles
obtained from Shaddix [24].

It was shown that the naphthalene oxidation is rofletl by two major
channels that involvel abstraction vi®DH radical andO addition to the ring. Most
of its structure and oxidation process is assuroddlbow similar behaviour to the
benzene chemistry. From the comparison between ctmputations and the
measurements is shown that the main oxidation aarare well represented and
that theCgH; + O,/HO, reactions have an important role in determiningpfegluct
distribution of single ring aromatics. Accuraterthedynamic data computed in our
group were also utilized for th&,, species.

Experimental data of measurements of intermedipgcies concentration
profiles over a wider range of conditions are esakm order to refine the current

predictive methods.
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Chapter 7

1-Methyl naphthalene

7.1 Introduction

While extensive work has been performed on the I[dpweent of chemical
mechanisms for major oxidative pathways of aliphdtydrocarbons and simple
aromatic compounds such as benzene and tolueng, feer studies on the
combustion of polycyclic aromatic fuels have beeparted in the literature. In this
study, a mechanism for 1-methyl naphthalene is|dped on the basis of reaction
classes determined with toluene as a reference Tel choice is natural since 1-
methyl naphthalene is the corresponding bicyclal@n

Shaddixet al.[21, 22, 24] studied the oxidation of 1-methyl htqalene in a
plug flow reactor and obtained species profiles enndtmospheric pressure
conditions for a temperature range of 1165 — 120&nK for equivalence ratios of
0.6, 1.0 and 1.6. The study arguably contains itisé reported species profiles for
the oxidation of a polycyclic hydrocarbon fuel. Bdson the obtained profiles, a
chemical mechanism for 1-methyl naphthalene wapqs®ed. Elevated pressure (P
= 13 atm) ignition delay times were measured byR#aal.[129] under shock tube
conditions for a temperature range of 840 — 1300AKXmore recent study on 1-
methyl naphthalene was performed by Mattial. [35], who studied the oxidation
under jet stirred reactior conditions for a tempaerange of 800 < T < 1421 K, a
pressure range of 1 < P < 13 atm and equivalertaes raf 0.5 <® < 1.5. Major
species concentration profiles were obtained byirenGC-MS and off-line GC-
TCD-FID and GC-MS analyses. New data covering aewahge of conditions were
provided and a kinetic model was proposed and &l

Important reactions pathways were identified in #i®ve studies. More
specifically, Shaddivet al. [22] highlighted the fuel consumption paths thetur

via i) abstractions of the benzylic hydrogen atoynHJO radicals or molecular
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oxygen, ii) homolysis fronC—H fission forming the 1-naphthyl methyl radical) iii
displacement of the methyl group by the hydrogemaeading to the formation of
naphthalene and iv) addition of an oxygen atom itegado the formation of 1-
methyl-4-naphthol or 1-methyl naphthoxy radical.

In this study, the oxidation of 1-methyl naphth&es studied under jet stirred
reactor conditions and compared against data frat éfl al. [35] and Shaddix [24]

featuring concentrations profiles for various speci

7.2 Modéelling Approach

The starting point is the detailed scheme for thylenaphthalene derived by
Potter [75] on the basis of the chemistry of tolieModifications and updates were
applied as appropriate. The reaction steps andioeacates were analysed at
conditions corresponding to the JSR experimentdlati et al. [35] and plug flow
reactor conditions of Shaddix [24] and Shadetial. [21, 22].

The reaction mechanism used here consists of 148érgible reactions
involving 269 species. The reverse rates were coedpwsing chemical
equilibrium. The rates of consumption and productiere also calculated for each
species. The thermochemical data were obtained fitemature sources [71] and
when not available, were calculated with quantumchraaical methods using
Gaussian-03 [15].

7.3 Oxidation in Jet-Stirred Reactors

The 1-methyl naphthalene mechanism was initialljdesed under jet-stirred
reactor conditions using species data from Maal. [35]. The measurements were
aimed at clarifying the decomposition channels bé tfuel. Three different
stoichiometries were tested at atmospheric pressuee a temperature range of
1090-1450 K and at a fixed residence timef 0.1 s. The conditions are listed in
Table 7.1 and the species profiles for all stoiofetries are shown in Figure 7.1 to
Figure 7.12.
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()} P (atm) T (K) Xoz Xc11H10
0.5 1.0 1097-1290 0.0270 0.001
1.0 1.0 1094-1400 0.0135 0.001
1.5 1.0 1147-1440 0.0090 0.001

Table 7.1 Experimental and modelling conditionstfar oxidation of dmethyl naphthalene
in a jet-stirred reactor. The species concentratamrespond to mole fractions.

According to the measurements, the major specitcteel, beside€O and

CO,, were formaldehyde, methane, acetylene, ethyley@omentadiene, benzene,

toluene, styrene, naphthalene, indene and ethaneabe seen from Figure 7.1 to

Figure 7.12, the current 1-methyl naphthalene moejetoduces the experimental

data well as compared to other studies [35, 130]is Ishown that the fuel

consumption is in excellent agreement with measargs for all the three

stoichiometries. The prediction of intermediate cspe shows that the associated

decomposition pathways are also well represented.
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Figure 7.1 Concentration profiles of intermediaped@es during 1-methyl naphthalene
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7.4 Fued Lean Mixtures

A reaction rate analysis was performed for a feahlmixture @ = 0.5) at a
temperature of 1206 K at atmospheric pressure.

The computations show the major fuel decompositiatihways to occur via
hydrogen abstraction b@H attack and oxygen addition. The rates assigndteo
reactions were adopted from Potter [75] and detezthion the basis of the toluene
chemistry. TheOH attack on the methyl branch (1360) is respondd8&1% of the
fuel consumption, whereas the hydrogen abstractiom the ring (1357) is
responsible for 19%. The oxygen addition to thenblna(1372) accounts for 12% of
the 1-methyl naphthalene consumption, whereas #ygem addition to the ring
(1373) accounts for 23%.

CiHio + OH = GHy + HO (1360)
CiHio + OH = GHP + HO (1357)
CiHp + O = GHO + H (1372)
CiHp + O = OgH, + H (1373)

The fuel is formed from the 1-methylnaphthyl radi¢82%) (-1358). The
reaction rate was adopted by Potter [75] and wasdan the toluene kinetics as
proposed by Maurice [112]. The formation frddOC;;Hg (1369) also makes a
contribution (17%) viaOH replacement. ThélOCyiHg is formed by theDCi1Hg
radical (100%) with the addition of atomic hydrogenthe oxygenated radical
(1396). The OC;jHg radical is formed from 1-methyl naphthalene by the
replacement of a hydrogen atom on the ring (1378) an oxygen atom (52%)
with a rate that stems from the kinetics of tokipnoposed by Hoffmaet al [118]
and from oxygen addition to the 1-methyl-4-naphthrgldical CiiHoP) via
molecular oxygen attack (1350) (32%) that was assica rate based on the toluene
kinetics proposed by Maurice [112]. The reactiotesavere adopted from Potter
[75]. The major 1-methyl naphthalene decomposifiod formation pathways are

shown in Figure 7.13 and Figure 7.14.
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CiiHio = GHg + H (1358)
CiHie + OH = HOgHy + H (1369)
OCHy + H = HOGHg (1396)
CiHpw + O = OGHy + H (1373)
CuHP + O = OGiHg +0 (1350)

Naphthalene is formed via thermal decompositionthef C;;HgO radical
(1387) (65%), which is formed from oxygen attackleamethyl naphthalene (1372)
(Figure 7.15).

CllHlO + O = G_;ngO + H (1372)
C11HO = (Hs + CHO (1387)

Once naphthalene is formed, hydrogen abstractianOHl radical attack
(1283), leading to the formation of the naphthydical contributes 49% to
consumption of the former. Moreover, 43% of the hibplene forms
naphthaldehyde (1281) by oxygen addition and hyeinogbstraction. The
naphthalene decomposition channels were assigngds rbased on the
corresponding benzene decomposition channels. Tdghtimaldeyde thermally

decomposes bgO abstraction leading to the formation of the inderaglical and

indene.
CioHs + O = @H-;O + H (1281)
Clng + OH = QOH7 + I-bO (1283)

The formation of indene occurs (98%) from the mdeadical. The indenyl
radical is oxidized in a sequence of reaction stejpsited by the formation of the
OC,1Hg radical. The latter thermally decomposes @@ expulsion from the ring
leading to the formation ofcgHsCHs;. The latter species recombines with a
hydrogen atom leading to the formation@H,CHs;, which thermally decomposes
to indenyl and methyl (50%). The rates of thesé thas steps were assigned from

suggestions proposed by Laskin and Lifshitz [13f].addition to this reaction
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sequence, the indenyl radical, as mentioned abwmvdprmed by the thermal

decomposition of the naphthaldehyde (16%). A marecd link to the fuel is

provided by the indenyl radical and acetylene fdromafrom the 1-methylnaphthyl

radical (1347) (12%). The reverse reaction step alss tested with a rate relative
to the benzyl radical formation channel proposedCmjket and Seery [77], but
found to lead to excessive acetylene and indeneerdrations. By contrast, the use
of the 1-methyl naphthtyl radical thermal decomposichannel (1347) with a rate
relative to the benzyl radical thermal decompositmoposed by Braun-Unkhoff
[28] leads to excellent agreement between compaietl measured concentration
profiles for both acetylene and indene. A schemagresentation of the indene

formation channels is shown in Figure 7.16.

Ci1Ho = GHy + GH; (1347)

The further oxidation of the indenyl radical BYD, is responsible fo€gH;O
formation (1228). Density Functional Theory and pasite quantum mechanical
methods were used to calculate the potential ensugfaces for this oxidation
channel. Both RRKM/ME theory and VTST were usedi¢oive an estimate of the
rate constant [70]. The species is a precursotenyl acetyleneGgHg) through
CgH;. A rate proposed by Pitch [130] was adopted far @O abstraction from
CoH;O (1263). The thermal decomposition GfH- is responsible for 71% of the
phenyl acetylene formation (1187) with a rate basedsuggestions of Wang and
Frenklach [119].

C9H7 + HOZ = QH7O + OH (1228)
C9H7O — QH7 + CO (1263)
C8H7 = QHe + H (1187)
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Computations show that another important indenyidation step is via
molecular oxygen which is responsible for 50% af tienzyl radical via (1232).
Lindstedt et al. [70] used Density Functional Theory and composjtantum
mechanical methods to calculate the potential gnsugfaces for the channel and
RRKM/ME and VTST approach to derive an estimateth&f rate constant. The
benzyl radical leads (97%) to toluene. The raterd@ned by Oehlschlaeget al.
[90] is used for reaction (1078).

CH;, + O = GH;, + CO + CO (1232)
C7H8 = 'ﬁE|7 + H (1078)

Benzene is mostly formed (35%) from fulvene viamsoization (980)
assigned a rate proposed by Marimt\al. [78]. Fulvene is produced (100%) by the
methyl cyclo pentadienyl radical after thermal deposition (987) and assigned a
rate proposed by Lindstedt and Rizos [62]. In additto the fulvene reaction
sequence, 25% of benzene is formed from benzal@elfydate proposed by Potter
[75] was used for reaction (1101).

C5H4CH3 = Q"e(F) + H (987)
C@H@(F) + M = QH@ + M (980)
C7H6O + O = €H§ + CQ (1101)

Benzene is consumed by reactions leading to ph@t®#0) and phenoxy
(48%) radicals. The phenyl radical also predomilya(5%) leads to phenoxy
which in turn leads to the formation of the cyclotalienyl radical (80%) by CO
expulsion. The cyclopentadienyl radical follows tw@jor decomposition routes;
28% thermally decomposes to acetylene and the mypaadical and 25%
recombines with hydrogen leading to cyclopentadiene

Cyclopentadiene is predominantly (90%) producedh®y recombination of
the cyclopentadienyl radical with atomic hydrog@ntate proposed by Keret al.
[52] was applied to this channel. Keghal.[52] proposed that the cyclopentadienyl
dissociation occurs after a 1lk2atom shift that controls the rate of the reaction.
Cyclopentadiene then recycles back to cyclopenmgtiadical.
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C5H6 = C;,H5 + H (832)

Acetylene is formed via two major thermal deconif@s channels. The
dominant (39%) is the thermal decomposition of Yhmethyl naphthyl radical that
forms acetylene and the indenyl radical (1347) #red second major channel is
(21%) via the thermal breakdown of cyclo pentadiaagical (806). The rate of
Kern et al. [52] was applied to reaction channel (806) butnfibuo produce
excessive acetylene concentrations, hence an adjostvas made by reducing the
rate by 50%.

Ci1Ho &7 + GH; (1347)
CsHs = & + GH, (806)

7.5 Fud Rich Mixtures

A reaction rate analysis was performed for a figdl mixture (¢ = 1.5) under
jet-stirred reactor conditions at a temperaturel@#0 K and at atmospheric
pressure.

The fuel decomposes via four major oxidation ch&n&he hydrogen
abstraction viaOH attack on the methyl branch (1360) contributes 24%d the
hydrogen abstraction from the ring (1357) is resiae for 14%. It is evident that
in fuel rich mixtures the impact (21%) of reacti@860) is reduced compared to
lean mixtures (31%). The oxygen addition reactiettiser to the branch (10%) or

to the ring (20%) make similar contribution to fael lean case.

CllHlO + OH = C];ng + H20 (1360)
CllHlO + OH = Q]_HQP + Hzo (1357)
CllHlO + O = @Hgo + H (1372)

CyHipo+ O = OgHy + H (1373)
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The 1-methyl naphthyl radical recombines (90% hwiite hydrogen atom leading
to the formation of 1-methyl naphthalene.

Naphthalene is formed from the thermal breakdowrCgHyO leading to
naphthalene an€CHO (48%). The impact is reduced from 65% for the same
reaction in lean mixtures. The isomerization charirem CgHgCH, contributes
28% compared to only 8% of tii&Hg formation in lean mixtures. Reaction (1292)

was assigned a rate proposed by Laskin and Lif§hgt¥].

ClngO = ﬁHg + CHO (1387)
CgH@CHz = @Hg (1292)

Two major species, naphthaldehyde and the naphgaytal, which leads to
naphthaldehyde, are produced from naphthalene demsiton. The subsequent
consumption of naphthaldehyde leads to the indeagical (20%). The indenyl
radical pool is also formed by the thermal decontmrs of CogH;CH;3 (-1221)
which accounts for 31% of the formation as compaoes0% in lean mixtures. The
1-methyl naphthyl radical consumption leading te tbrmation of acetylene and
indenyl radical is responsible for 28% of the fotima compared to 12% in fuel

lean mixtures.

C9H7CH3 = 6H7 + Cl‘& (-1221)
Ci1Ho = &, +  GH (1347)

The further oxidation of the indenyl radical leadsthe formation of phenyl
acetylene via the formation @iyHsO andCgH;O. Phenyl acetylene is formed 50%
via CyHgO throughCO (1257) expulsion and 50% viggH; formed fromCgH-O.
The dominant path fo€sHeO formation is via reaction (1225) with a reacti@ter
based on a suggestion by Potter [75]. The subséqlemomposition to phenyl
acetylene (1257), was assigned a rate proposedauyidé [112]. The contribution
of reaction (1187) reduced to 50%, compared toah& in lean mixtures, and

reaction (1257) is equally important.

C9H7 + O = §H6O + H (1225)
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CoH; + HO, = GH,O + OH (1228)
CoH;0 = @ + CO (1263)
CoHeO = @& + CO (1257)
CgH- = @4 + H (1187)

The molecular oxygen oxidation of indenyl radicalrésponsible for 60% of
the production of the benzyl radical, which reconesi with atomic hydrogen

leading to toluene (98%).

CH, + O = GH, + CO + CO (1232
CrHg = @, + H (1078)

Benzene is formed through a sequence of reacti@ignitiate from toluene
— OC/H; — GsH4CH3z — CgHg(F) — CgHs. The isomerization that converts
fulvene to benzene is responsible for 45% of thenédion, compared to 35% in
lean mixtures. Once benzene is formed, it follondeaomposition route through
the phenoxy (41%) and phenyl (38%) radicals. Thenghradical is oxidized to
phenoxy and also leads to the formation of theapahtadienyl radical via thermal
CO expulsion (994). The rate proposed by Leung anddtedt [73] was used for
reaction (994).

C6H5O = §H5 + CO (994)
C5H6 = C;,H5 + H (832)

Cyclopentadiene recycles back to the cyclopentgtiexdical, which is one
of the main reactants for the formation of acetglera the thermal decomposition
to acetylene and the propargyl radical (806). Meegpit is quite interesting to note
that the thermal decomposition of the 1-methylnaphtadical CiiHg) to the
indenyl radical and acetylene (1347) contribute%o68f the acetylene production

compared to 39% in fuel lean mixtures.

Ci1Ho = & + GH; (1347)
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CsHs = Hs + GH, (806)

7.6 Oxidation in Turbulent Flow Reactors

Shaddix [24] performed gas-phase sampling to sty oxidation of 1-
methyl naphthalene in the Princeton turbulent flowactor and obtained
concentration profiles for major species at atmesph pressure and at a
temperature of approximately 1170 K. Major fuel s@mption routes and reaction
classes were identified. In the current study, aaempons were performed
corresponding to the experimental conditions fasicktiometric and fuel rich

mixtures as shown in Table 7.2.

@ T (K) P (atm) [O2] (ppm) [CuH10] (ppm)
1.0 1169 1.0 14850 1100
1.5 1166 1.0 9900 1100
1.5 1198 1.0 9900 1100

Table 7.2 Experimental and modelling conditionstfar oxidation of 1-methyl napthalene
in a turbulent flow reactor.

In Figure 7.17 to Figure 7.28, it can be seen dinéy partial conversion a£O
to CO, occurs. The fuel profile is again well reproducedggesting that the 1-
methyl naphthalene sub-mechanism is adequate. Merewmaphthalene and indene,
which are two of the major initial products of theel decomposition process, are
very well reproduced for all the three test casesling to good agreement between
computations and measurements for the next direstlusts such as phenyl
acetylene, styrene and toluene. The profiles gbhalic hydrocarbons such as
acetylene, ethane and methane are also well peediotiplying that the reaction
channels leading to lower hydrocarbons are weltesgnted. The large measured
concentrations of acetylene agree with the comjpmsiand are an indication of the

sooting tendency of 1-methyl naphthalene.
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Figure 7.17 Concentration profiles of major spedesng 1-methyl naphthalene oxidation
in a flow reactor® = 1.0, P = 1 atm, T = 1169 K). Circles indicateasuwements [24] and
solid lines the current computations.
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Figure 7.18 Concentration profiles of major spedesng 1-methyl naphthalene oxidation
in a flow reactor® = 1.0, P = 1 atm, T = 1169 K). Circles indicateasuwements [24] and

solid lines the current computations.



174 Chapter 7

®=1.0,T=1169K

Mole Fraction [ppm]

Q
0 0.05 0.1 0.15 0.05 0.1 0.15
Time [sec]

Figure 7.19 Concentration profiles of major spedesng 1-methyl naphthalene oxidation
in a flow reactor® = 1.0, P = 1 atm, T = 1169 K). Circles indicateasw@wements [24] and

solid lines the current computations.
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Figure 7.20 Concentration profiles of major spedesng 1-methyl naphthalene oxidation
in a flow reactor® = 1.0, P = 1 atm, T = 1169 K). Circles indicateasw@wements [24] and

solid lines the current computations.
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Figure 7.21 Concentration profiles of major spedesng 1-methyl naphthalene oxidation
in a flow reactor® = 1.5, P = 1 atm, T = 1166 K). Circles indicateasuwements [24] and

solid lines the current computations.
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Figure 7.22 Concentration profiles of major spedesng 1-methyl naphthalene oxidation

in a flow reactor® = 1.5, P = 1 atm, T = 1166 K). Circles indicateasuwements [24] and

solid lines the current computations.
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Figure 7.23 Concentration profiles of major spedesng 1-methyl naphthalene oxidation
in a flow reactor® = 1.5, P = 1 atm, T = 1166 K). Circles indicateasw@wements [24] and

solid lines the current computations.
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Figure 7.24 Concentration profiles of major spedesng 1-methyl naphthalene oxidation
in a flow reactor® = 1.5, P = 1 atm, T = 1166 K). Circles indicateasw@wements [24] and

solid lines the current computations.
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Figure 7.25 Concentration profiles of major spedesng 1-methyl naphthalene oxidation
in a flow reactor® = 1.5, P = 1 atm, T = 1198 K). Circles indicateasuwements [24] and
solid lines the current computations.
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Figure 7.26 Concentration profiles of major spedesng 1-methyl naphthalene oxidation
in a flow reactor® = 1.5, P = 1 atm, T = 1198 K). Circles indicateasw@wements [24] and
solid lines the current computations.
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Figure 7.27 Concentration profiles of major spedesng 1-methyl naphthalene oxidation
in a flow reactor® = 1.5, P = 1 atm, T = 1198 K). Circles indicateasuwements [24] and

solid lines the current computations.
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Figure 7.28 Concentration profiles of major spedesng 1-methyl naphthalene oxidation
in a flow reactor® = 1.5, P = 1 atm, T = 1198 K). Circles indicateasw@wements [24] and

solid lines the current computations.
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7.7 Further Analysis of Reaction Paths

Computations and rate analyses were performednaisaiheric pressure for
both stoichiometric and rich fuel mixtures undeuglflow reactor conditions.
Significant oxidation pathways were identified fibre initial fuel decay and the
formation and decomposition of important intermeéglispecies. Stoichiometric and
rich mixtures show similar behaviour and there razegualitative changes in either
the species growth or the mechanisms under therduconditions. Consequently, a
rate analysis is only presented for the stoichioimetse.

The 1-methyl naphthalene fuel decomposition is Igaicontrolled by
hydrogen atom abstraction reactions either fromrthg (1357) 15% or from the
methyl branch (1360) 25%. Oxygen addition reactials® take place and account
for 22% of the fuel decay by replacing a hydrogemmafrom the ring and 12% by
replacing a ‘benzylic’ hydrogen. The direct remogathe methyl group, either via
a pyrolytic reaction or displacement \khattack, is found to be a minor route that
does not exceed 6% of the total fuel consumption.

CiHio + OH = GHy + HO (1360)
CiHio + OH = GHP + HO (1357)
CiHp + O = @HO + H (1372)
CiHp + O = OgH, + H (1373)

The 1-methyl naphthyl radical which is formed by tibenzylic’ hydrogen
removal from 1-methyl naphthalene for@gH;o via H recombination contributing
36% to theCi1Hg consumption. The second major;Hy decomposition channel is
via thermal decomposition leading to the formatminthe indenyl radical and
acetylene (30%). Approximately 11% ©6f;Hs forms C11HgO via oxygen addition.
Reaction rates applied to reactions (1358) and 3L8«re based on the relevant
kinetics of benzene as proposed by Potter [75].

CiiH1o = GHy + H (1358)
Ci1Ho &7 +  GH; (1347)
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C11H9 +Oz = QngO + @) (1343)

The decomposition o€;:HyO leads essentially (98%) to the formation of
naphthalene via reaction (1387), which contribu@6%o of the total formation of
naphthalene. Naphthalene is also formed from t@ésization 0oiCoHsCH, (11%),
which is formed after a sequence of reactions ithiaate from OC;;Hg, @ major
initial product. Added to this, th@&;;HgP radical, which is produced from one of the
four major fuel oxidation pathways also leads te tbhrmation ofOC;;Hg. The
OCy1Hg radical leads (95%) to the formation QgHgCHs via CO expulsion.
Approximately 43% oifCgHgCH3; converts toCoHgCH, via thermal decomposition

and subsequently leads@goHs.

ClngO = QHS + CHO (1387)
CgHGCHz = Q)Hg (1292)

Naphthalene decomposes via two major channelsgte; (44%) andC;oH-O
(46%). TheC,oH7 radical is predominantly oxidized 1©;0H;O (65%). Following
CO expulsion,C,0H70 breaks down to the indenyl radical (1326) andtriloutes
12% of the total indenyl formation. A major (45%)denyl formation pathway is
via thermal decomposition of th€yH;CH; (1347) to CoH; and CHs radicals
(1221).The thermal decay of the 1-methyl naphthglical leads t&CoH; and C;H,
and plays an important (28%) role in the formatmfnthe indenyl radical. The
formation channels o€sH; are of key importance in the oxidation chain aftsb a

leads to indene via (1222).

CoH- + CH; = GQH,CHs (1221)
CuiHo =&, + GH; (1347)
CioH-O -@®, + CO (1326)
CH; +H = GHg (1222)

Further oxidation oCyH; producesCgH,(P) and approximately 42% leads to
styrene via reactions (1188) and (1194), whichrasponsible for 60% and 28%
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respectively. The reaction rates applied to thelsanwels were adopted from
Maurice [112].

CeH,(P) +H = GHs (1188)
CsHsg +H = ¢H,(P) +H (1194)

Approximately 65% of the styrene leads to the Ppenmdical and
formaldehyde vi@H attack, but this channel constitutes only 9% efttital benzyl
formation. The major benzyl radical formation chehnis reaction (1232) (83%).
The benzyl radical recombines with hydrogen (37%ading to toluene. The

channel is solely responsible for the toluene fdioma

CH, +0, =GH, +CO +CO (1232
C7H8 = 'ﬁE|7 + H (1078)

Phenyl acetylene is produced via a reaction sexmuémrough the indenyl
radical CgH; — CyH;O — CgH; — CgHg. The dominant consumption pathway of
CgHs (36%) leads to the formation of the phenyl radeadl C,HO. As mentioned
earlier, the phenyl radical is an important intedimée specie for the formation of
cyclo pentadienyl radical which occurs from the wension of C¢Hs to CgHsO
(65%) via molecular oxygen attack. The phenoxyaaldieads (98%) t&€sHs. The
channel is also the domina@Hs formation pathway (87%). The cyclopentadienyl
radical recombines witlCH; leading to the formation oCsH4CHs; which is
converted to fulvene via hydrogen abstraction ambsequently to benzene via

isomerization.

CGHG(F) + M = CGHG + M (980)

The cyclopentadienyl radical recombines (24%) vaitbmic hydrogen to the
formation of cyclopentadiene which is the main fatimn channel foCsHg (95%).
The predominant consumption step fd@sHs (41%) is through thermal
decomposition to acetylene and the propargyl radit@awvever, this step constitutes
a secondary formation channel for acetylene (14%¢ dominaniC;H, formation



182 Chapter 7

step is via thermal decomposition of tlg;Hy radical to indenyl and acetylene
(70%).

Methane is produced from direct fuel consumptiothyways that occur via
hydrogen abstraction via methyl radicals eithenfrine branch (1365) of 1-methyl
naphthalene (62%), which is the dominant formatbannel, or (22%) from the
ring (1370).

CiHio +ChHs
CiHio +ChHs

GiHy +CH (1365)
CH + G HoP (1370)

The major methyl radical formation channel is therinal decomposition of
CoH7CHzs (73%).
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7.8 Conclusions

In the present work, a detailed chemical sub-mdsharfor 1-methyl
naphthalene was developed and validated under taxidaonditions in jet-stirred
and flow reactors. A reaction rate analysis hasvshthat the ‘benzylic’ hydrogen
abstraction is the dominant fuel decomposition @ssc The contribution of this
channel reduces as the equivalence ratio increBessecond main fuel decay path
is predicted to occur via oxygen atom addition ke tbicyclic ring, which
contributes 20-23% of the fuel consumption. Hydrogbstraction from the ring via
OH attack is less favoured.

The removal of the methyl group, either by replaeetmor via thermal
decomposition, is a minor process contributing apipnately 3% to the fuel
breakdown. Once the 1-methylnaphthyl radical ismied, the proposed thermal
decomposition channel leading to the indenyl rddica acetylene is important and
affects the growth and evolution of major internageli species such as indene,
styrene, phenyl acetylene, toluene benzene, cyatagiene and acetylene. The rate
from Braun-Unhoffet al. [28] was adjusted to the 1-methyl naphthalene from
toluene and resulted in good agreement for speadersentrations in both reactors
and for all the tested equivalence ratios.

The level of agreement obtained between the cordptdacentrations and
measurements for the naphthalene and indene s@dstesnplies that the accuracy
of the fuel decay paths that involve oxygen additio the fuel and lead to the
formation of C;;HsO and OC;1Hg is adequateThe further decomposition of the
oxygenated species leads to the formationCgHg and significant amounts of
CoH;. The branching ratios between abstraction andtiaddpathways are also
important for 1-methyl naphthalene combustion tdrmediate temperatures.

This current study presents a detailed chemicahar@sm that captures the
fuel profile decay and the growth of the rest c# thajor intermediate species in

both jet-stirred and flow reactor conditions.
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Chapter 8

Conclusions and Future Work

8.1 Conclusions

The main objective of the present work has beerdéwelopment, update and
validation of detailed gas phase chemical kinetieclhanisms for aromatic
components of aviation fuels and surrogates. A droange of reactors and
conditions has been used for the computationatiafdéin of the fuels and a reaction
class based approach was used for the generatithve chemical mechanisms. The
mechanisms feature molecules upQq that involve aliphatic compounds and a
submechanism of mono-substituted and polyaromattrdearbons. The starting
point for this work was the development and val@latof a mechanism for
cyclopentadiene, which constitutes a major intetiated component in the
combustion of single-ring aromatics such as benz&he work was extended to
two singe-ring aromatics, toluene amgbropyl benzene, and to two-ring aromatics,
naphthalene and 1-methyl naphthalene.

Cyclopentadiene is responsible for the productiérthe cyclopentadienyl
radical that has high sooting tendencies, henceetiled analysis of the
cyclopentadienyl mechanism was performed. The dxideof CsHg was studied
under plug flow reactor conditions and concentrafioofiles were computed and
compared with measurements of Butler [20]. Reactaias for channels featuring
O, HO, andOH were also updated and validated. A variety of sasaying from
stoichiometric to fuel rich at atmospheric presswere tested and reaction rate
analyses were performed for representative casespyrolysis of cyclopentadiene
was also studied for a variety of fuel concentradio The detection of high
concentrations of species such as naphthaleneent|ubenzene and acetylene
suggest pathways leading to PAH. During oxidationditions, cyclopentadiene is

mainly consumed via hydrogen abstraction reactlmnkl, OH, O radicals leading
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to CsHs. Naphthalene is a a two ring aromatic compound pfeys a significant
role in aromatic growth and is formed vi@sHs through C;0HgF formation.
Temperature perturbations affect the fuel consumnppiathways and promote soot
formation. Especially when the temperature risesrrhal decomposition pathways
start to play significant role in the evolution ghecies such a8sHs leading to
acetylene and propargyl radical. Both the lattexcgs were shown to facilitate soot
growth. The prediction of excessive concentratiohgll the intermediate species
during pyrolytic studies lead to the replacemenths reaction rate of th€sHs
thermal decomposition channel to acetylene and gogyp radical with a rate
proposed by Robinson [15]. The modification wagpoesible for the refinement of
the predicted species concentrations. However, sapecies still showed
overprediction tendencies and a reaction rate aisalyas performed and important
pathways affecting the evolution of these speciesevidentified. The pathways are
mostly acetylene recombination reactions Wikids, CsHs(A), CsHs and C/H+, as
well as, recombination of cyclopentadiene with ¢lyelopentadienyl radical leading
to formation of indene.

The combustion of toluene was further validated andlysed under shock
tube conditions. Tests involved pyrolytic and oxidia conditions, similar to those
obtained by Braun-Unkho#t al [28], Vasudevart al [26] and Burcaet al [25].
Reaction rates were updated and new reaction pgthware added to the starting
mechanism. Hydrogen atom profiles were calculatetku pyrolytic conditions and
managed to capture the measured profiles of Brankiff et al. [28] reasonably
well. The result that the branching ratio of th&uéme thermal decomposition to
benzyl radical or phenyl and methyl radicals wtisin this study is arguably
correct. Time resolve®H profile was also computed under shock tube camuti
and compared against experimental data of Vasudetaal [26]. Sensitivity
analysis that was performed identified the chaanbhing reactio® + H, <> OH +
H as an important pathway to the determination efQkl concentration. A rate of
Li et al [98], adopted from Sutherlared al. [99], applied to the scheme was found
responsible for the current excellent predictionttod slope of th€OH profile as
compared to the measurements. A rate of Gual [96] adopted from Baulcht al.
[97] was also tested to the current mechanism aasl faund problematic causing
delays to the ignition. The step that involves weete recombination with the

cyclopentadienyl radical was identified as sigmifit for the accurate prediction of
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the OH profile. The absence of this step is responsibtedtlay in the ignition by
20%. Toluene ignition delay times were also comguded showed excellent
agreement with experimental data obtained from Weasganet al. [26] and Burcat
et al [25]. A reaction rate analysis was performeddoth pyrolytic and oxidation
conditions and important pathways were identifidthe analyses highlight the
toluene thermal decomposition to the benzyl racacal phenyl and methyl radicals,
as well as hydrogen assisted reactions leadingh@éoproduction of the benzyl
radical and benzene. The results suggest thatethation class based approached
can also be applied to other methyl-substitutednatc fuel components that form
part of real and surrogate fuel formulations.

N-propyl benzene follows the behaviour of benzenagtee and propane. The
mechanism was validated under jet-stirred reaaaditions for both low and high
pressures for a wide range of stoichiometries againat ignition delay times.
Reaction rates were updated and a rate analysaipexd highlights the importance
of the hydrogen abstraction reactions, which gdaestyrenes and promote the fuel
consumption. The thermal breakdown of thpropyl benzene chain to the primary
and secondary site is significant and small rasngks can cause big discrepancies
in the intermediate species concentrations. Laggéy e€oncentrations of styrene,
ethyl benzene and toluene is a clear indicatioh hbanolytic reactions occur and
promote the fuel decay. The results presentedisnvtbrk are very encouraging and
suggest that the reaction class based approachedeapplied to other alkyl
substituted aromatic fuel components. However,haschain increases in length,
new categories of reaction steps such as radicahddsations, cyclic transition
states and group shifts along the chain are likelgccur and should be taken into
account.

The mechanism was expanded to two-ring aromaticpoomds such as
naphthalene and tested under plug flow reactoritond at atmospheric pressure
and compared to measurements obtained by Shaddjx R2action rates for the
CoH; + O,/HO, were obtained by Lindsteét al [70] and a reaction rate analysis
performed in this work showed that the aforememibohannels play a significant
role to the product distribution of single ring aratics. Moreover, it was shown
that hydrogen abstraction reaction @&l and oxygen addition to the ring constitute
major fuel consumption pathways. However, due tmitéd availability of

experimental data in the literature only a singl&t tase was analysed in this work.
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Hence, measurements of wider range of conditioeseasential for the further
refinements.

The 1-methyl naphthalene submechanism is basethetotuene chemistry
due to structural similarities. Reaction rates wapeated and reaction steps were
proposed to the scheme. Validation was performateiuplug flow and jet stirred
reactor conditions at atmospheric pressure forreetyaof stoichiometries. Results
were compared against measurements obtained byliRhaw co-workers [21, 24]
and Matiet al. [35]. A reaction rate analysis was performed fothbplug flow and
jet stirred reactor conditions and showed thafftieé decomposes vi@H hydrogen
abstraction from the chain and the ring and oxyaedition to both the chain and
the ring. However, the attack on the chain side idatas the consumption of the
fuel. The proposed thermal decomposition of theethylnaphthyl radical to the
indenyl radical and acetylene, was shown to carstiimajor channel for the
evolution of the produced intermediate species.ddeer, the reaction sequence of
CoH; + O,/HO, is also important for the distribution of singlegi aromatics. The
good agreement between the computations and theunesaents for the current 1-

methyl naphthalene in encouraging.

8.2 Suggestionsfor Future Work

The present work has identified some significarieats of the chemical
kinetic modelling of the studied fuel componentsatthwill need further
investigation. A summary of the suggestions foufetwork is outlined below.

1. The chemical kinetic analysis of the fuels studiede has revealed
that pathways that involve acetylene recombinatigth radicals
such axC3H3, C3H4(A), GHs, C;H; andCy1Hg play a significant role
in the evolution of intermediate species. Thereeed for further
refinement of the reaction rates of the relevaattien steps in order
to minimize concentration discrepancies as compartd
measurements.

2. The present toluene chemistry manages to captuee high

temperature regimes very well. However, uncertamin the low
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temperature reaction suggest potential problems emunguch
conditions.

3. The present oxidation mechanism for naphthalenéligigts some
key reaction steps that occur under oxidation domts. The model
may need further refinement in order to capturebieaviour of the
fuel under wider range of conditions. Hence, meaments for a
variety of stoichiometries tested under wider puess and
temperature conditions are essential in order doige uncertainties
in the concentrations of intermediate species.

4. The present 1-methyl naphthalene chemical schemeagesa to
simulate the behaviour of fuel oxidation in goodesgnent with the
measurements under atmospheric pressure. Furth&risvessential
for refinement of the model at higher pressures.

5. The current refinement of the models can providsigim of
relevance to the aviation industry and the nexp stieould target
systematic reductions leading to more acceptabigpotational costs

for practical applications to the current combustmmfigurations.
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Appendix A

Reaction M echanisms

The detailed chemical reaction mechanism that vealdped and utilized in
the present work is shown in Table A.1. Reactidgasare expressed in the form:

k= AT"expE, /RT) (A.1)

where A = frequency factor, (kmol®™/s, m is the order of the reaction

n = temperature dependence exponent

E = activation energy, kJ/mole

R = ideal gas constant, 8.314 kJ/K/kmol

T = temperature, K
Unimolecular and recombination reactions generaihibit complex pressure
dependence. Troe [12] proposed a generalised estpnefor the fall-off behaviour

of such reactions:

_ kk,IM]
 k[M]+k,

(A.2)
where k is the high pressure limit rate constantiskthe low pressure limit, [M] is
the concentration of the third body collision partand F is the broadening factor

which is defined as :

_ logF,
1+{log(k,[M1/k, )/N}

logF (A.3)

where N =0.75-1.27logF (A.4)

and Fc is a temperature dependent parameter sadlgifdefined for a particular

reaction. The reaction mechanism follows.
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TABLE A.1
Elementary reactions
(unitsarekmole, m? s, K and kJ/mole)
No Reaction A n Ea Ref
1 H+0, =OH +0O 3.5500E+12 | -0.41 69.50 [98]
2 O+H, =OH +H 5.1200E+01 2.67 26.30 [98]
3 OH+ H, = H,0 + H 1.0000E+05 1.60 13.80 [73]
4 OH+ OH = H,0 + O 3.5700E+01 2.40 -8.84 [73]
. O, + H = HO,™ k.= | 4.6500E+09 0.40 0.00 [96]
ko= | 2.6500E+13 | -1.30 0.00
6 0, + H = HO,? ko= | 4.6500E+09 0.40 0.00 [96]
ko= | 3.6300E+13 | -1.00 0.00
; 0, +H = HO,*® ko= | 4.6500E+09 0.40 0.00 [96]
ko= | 6.8900E+12 | -1.20 0.00
8 0, +H = HO,% ko= | 4.6500E+09 0.40 0.00 [96]
ko= | 6.8900E+12 | -1.20 0.00
9 HO, +H =OH + OH 6.0000E+10 0.00 1.23 [96]
10 |HO, +H = H, + O 1.6600E+10 0.00 3.43 [73]
11 | HO, + OH = H, O + O 2.8900E+10 0.00 -2.08 [73]
12 |HO, +H =H,0 + O 3.0000E+10 0.00 7.20 [73]
13 |HO, + 0 =OH + O, 3.1900E+10 0.00 0.00 [73]
14 | HO, + HO,= H,0, + O, 1.8600E+09 0.00 6.44 [73]
15 | Hx0, + H =H,O + OH 1.0000E+10 0.00 15.00 [73]
16 | Hx0 + H =HO, + H» 4.8200E+10 0.00 33.27 [73]
17 | Hx0, + O =HO, + OH 6.6000E+08 0.00 16.60 [73]
18 | Hx0; + OH = H,0 + HO, 1.7500E+09 0.00 1.33 [132]
19 | Hz02 =OH + OH®* ko= | 2.9500E+14 0.00 202.64 (o8]
ko= | 1.2000E+14 0.00 190.37
20 |[H +H +M =H; +M' 6.5300E+11 | -1.00 0.00 [73]
21 |H +H +M =H, +M? 9.2000E+10 | -0.60 0.00 [73]
22 |H +H +M =H, +M" 6.0000E+13 | -1.25 0.00 [73]
23 |H +H +M =H, +M' 5.4900E+14 -2.00 0.00 [73]
24 |H + OH +M = H0+M! 2.2000E+16 | -2.00 0.00 [73]
25 |0 +0 +M =0, +M 1.0000E+11 | -1.00 0.00 [73]
26 | C; + OH =CO +H 5.0000E+10 0.00 0.00 [133]
27 | Ci + O =CO +0 1.2000E+11 0.00 16.71 [134]
28 |Ci +C, +M=C, +M 1.8000E+15 | -1.60 0.00 [135]
29 |CH +M =CL+ H+M 1.0000E+11 0.00 267.65 [136]
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30 |[CH +H = Ci + Hp 3.0000E+10 | 0.00 0.00 [72]
31 |[CH + O = CO+H 4.0000E+10 | 0.00 0.00 (73]
32 |CH + OH = Ci + H0 4.0000E+04 | 2.00 12.55 [133]
33 |CH + OH = CHO + H 3.0000E+10 | 0.00 0.00 [73]
34 |CH + O = CHO + O 7.5000E+10 | 0.00 0.00 [133]
35 |CH + H,O = CHOH 5.7300E+09 | 0.00 -3.15 [133]
3 |CH +CO; =CO + CHO 3.4000E+09 | 0.00 2.90 (73]
37 | CHxS) +M = CHyT)+M' 1.0000E+10 | 0.00 0.00 [73]
38 |[CHyS)+H =CH +H, 7.0000E+10 | 0.00 0.00 (73]
39 [CHxS)+ 0 =CO +H +H 1.5000E+10 | 0.00 0.00 [73]
40 | CHxS)+ O =CO + H 1.5000E+10 | 0.00 0.00 [73]
41 | CHx(S) + OH = CH,O + H 3.0000E+10 | 0.00 0.00 [73]
42 | CHxS) + H, =CHs +H 7.2300E+10 | 0.00 0.00 (73]
43 | CHxS) + O, =CO + OH +H 3.0000E+10 | 0.00 0.00 (73]
44 | CHy(S) + CO, = CH,O + CO 3.0000E+09 | 0.00 0.00 (73]
45 | CHx(T) +M =Ci + Hy +M 1.1148E+11 | 0.00 | 233.70 [136]
46 | CHxT) +H =CH + H 1.1000E+11 | 0.00 0.00 [137]
47 | CHx(T) + O = CO +H +H 4.8800E+10 | 0.00 0.00 [138]
48 | CHxT) + O = CO + H 3.2500E+10 | 0.00 0.00 [138]
49 | CHxT) + OH = CH + H,O 1.1300E+04 | 2.00 12.56 (73]
50 | CHxT) + OH = CH,O + H 2.5000E+10 | 0.00 0.00 (73]
51 | CHxT)+ C, = CH +H 5.0000E+10 | 0.00 0.00 [133]
52 | CHxT) + CH = CoH, + H 4.0000E+10 | 0.00 0.00 [73]
53 | CHy(T) + CHy(T) = CoHa + H +H 1.2000E+11 | 0.00 3.32 [73]
54 | CHx(T) + Ha = CHs +H 3.0000E+06 | 0.00 0.00 [73]
55 | CHy(T) + O =CO +H +OH 1.6400E+18 | -3.30 12.00 [139]
56 | CHx(T) + O = CO + H,0 2.2400E+19 | -3.30 12.00 [139]
57 | CHy(T) + O =CO, +H +H 3.2850E+18 | -3.30 12.00 [139]
58 | CHy(T) + O = CO; + Hy 2.6300E+18 | -3.30 12.00 [139]
59 | CHy(T) + O = CH,O + O 3.2850E+18 | -3.30 12.00 [139]
60 | CHxT) + CO = CzH,0 6.0300E+05 | 0.00 0.00 [72]
61 | CHxT) + CO; = CHO + CO 1.1000E+08 | 0.00 4.18 (73]
62 |[CHz; + M = CHy(S) + H+M 1.9000E+13 | 0.00 | 382.44 (73]
63 |CHs +H = CH,™ ko= | 2.1000E+11 | 0.00 0.00 73]
ko= | 6.3000E+17 | -1.80 0.00
64 |CH; + O = CH,O + H 8.4300E+10 | 0.00 0.00 [73]
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65 |CHs + OH = CHx(S) + H,0 4.0000E+10 | 0.00 10.47 (73]
66 |CH3 + OH = CH)O + Ha 1.0240E+09 | 0.00 0.00 (73]
67 |CHs + OH = CH OH+ H 1.5000E+11 | 0.00 34.46 (73]
68 |CHs; + OH = CHsO +H 5.7400E+09 | -0.23 | 58.28 (73]
69 |CHs +OH = CHOH® ke.= | 6.0000E+10 | 0.00 0.00 [140]
ko= | 1.5950E+18 | -8.20 0.00
70 | CHs + HO, = CHsO + OH 1.8000E+10 | 0.00 0.00 [101]
71 |CHs +C = CH, +H 5.0000E+10 | 0.00 0.00 [133]
72 |CHs +CH =CpHs +H 3.0000E+10 | 0.00 0.00 (73]
73 | CHs + CHyS) = CoHs + H 1.8000E+10 | 0.00 0.00 (73]
74 | CHz + CHy(T) = CoHs + H 4.0000E+10 | 0.00 0.00 [101]
75 |CHs + CHs =CyHs +H 5.0000E+09 | 0.10 44.36 [101]
26 |CHa + CHs = CoHe® k.= | 3.6000E+10 | 0.00 0.00 73]
ko= | 1.2750E+35 | -7.00 | 11.55
77 |CHs + O = CHO0 + OH 1.8500E+09 | 0.00 85.01 [141]
78 |CHs + O = CHO +0O 1.3200E+11 | 0.00 | 131.36 (73]
79 |CH: + 02 = CH300° k.= | 2.0600E+06 | 1.10 0.00 [132]
ko= | 5.3100E+19 | -3.30 0.00
80 |CHs3 + HO; =CHs + O, 3.6000E+09 | 0.00 0.00 [142]
81 |CHs +H = CHz + Hy 3.8600E+03 | 2.11 32.42 [143]
82 |CHs +O = CH; + OH 9.0330E+05 | 1.56 35.55 [101]
83 | CHs + OH = CH; + H,0 1.5600E+04 | 1.83 11.60 [101]
84 |CHs + HO2, = CHs + H.O; 9.0330E+09 | 0.00 | 103.09 (73]
85 | CHs + CH = CHs + H 6.0000E+10 | 0.00 0.00 (73]
86 | CHs + CH(S) = CHs + CHs 4.2700E+10 | 0.00 0.00 (73]
87 |CO +0+M =CO; +M" 3.0000E+08 | 0.00 12.55 [96]
88 |CO + OH =CO, +H 1.0000E+10 | 0.00 66.92 [96]
89 |CO + OH =CO, +H 9.0000E+08 | 0.00 19.12 [96]
90 |CO + OH =CO, +H 1.0100E+08 | 0.00 0.249 [96]
91 |CO +HO, =CO, + OH 1.1500E+02 | 0.00 73.40 [96]
92 |CO + 0 =CO;, +0O 2.5000E+09 | 0.00 | 200.00 (73]
93 |CHO + M = CO +H+M° 1.8600E+14 | -1.00 | 71.13 (73]
94 | CHO +H =CO +H 1.1100E+11 | 0.00 0.00 [96]
95 | CHO + O = CO + OH 3.0000E+10 | 0.00 0.00 (73]
96 | CHO + O =CO, +H 3.0000E+10 | 0.00 0.00 (73]
97 |CHO +OH =CO + H)0 1.0000E+11 | 0.00 0.00 (73]
98 |CHO + CH3 =CO + CHs 1.2000E+11 | 0.00 0.00 (73]
99 |CHO + 0, =CO + HO; 1.2000E+07 | 0.81 -3.04 [144]
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100 CHO+ M =CHO +H +M 1.2600E+13 0.00 326.00 [73]
101 CHO+H =CHO + H: 1.2600E+05 1.62 9.06 [140]
102 CHO+ O =CHO + OH 4.1500E+08 0.57 11.56 [73]
103 CH,O + OH = CHO + H2O 3.4300E+06 1.18 -1.87 [101]
104 CH;O + HO, = CHO + H.0 2.0000E+09 0.00 48.97 [73]
105 CH,O + CH = C;HO + H 9.4600E+10 0.00 -2.16 [73]
106 CH2O + CHz = CHO + CHga 4.0900E+09 0.00 37.00 [73]
107 CHO + O, = CHO + HO 6.0000E+10 0.00 170.00 [73]
108 CHOH+ M = CHO +H +M 4.4000E+12 0.00 125.52 [145]
109 CH,OH+ H = CHO + Hz 3.0000E+10 0.00 0.00 [73]
110 CH,OH+ O = CH,O + OH 4.2200E+10 0.00 0.00 [73]
111 CH,OH+ OH= CH,O + HO 2.4000E+10 0.00 0.00 [73]
112 CHOH+ O, = CH,O + HO; 4.5600E-09 5.94 -18.99 [73]
113 CH:O +M = CHO + H +M 5.4500E+10 0.00 56.50 [73]
114 CHsO +M = CHxOH + MP 3.0100E+08 0.00 17.04 [73]
115 CH:O + H =CHO + Hz 2.0000E+10 0.00 0.00 [73]
116 CH:O + O = CHO + OH 6.0000E+09 0.00 0.00 [73]
117 CH3;O + OH = CH,O + H)O 1.8000E+10 0.00 0.00 [73]
118 CH:O + O = CH,O + HO: 6.6000E+07 0.00 10.88 [73]
119 CH3OH + M = CHx(S) + H.O +M 7.0000E+12 0.00 277.99 [73]
120 CH:OH + M = CHOH + H +M 2.0000E+14 0.00 315.89 [73]
121 CH;OH + H = CHOH + H» 1.4400E+10 0.00 25.50 [146]
122 CH;OH + H = CHsO + Hz 4.0000E+09 0.00 25.50 [73]
123 CH3;OH + O = CH,OH + OH 3.8800E+02 2.50 12.90 [73]
124 CH:OH + O = CHsO + OH 1.0000E+10 0.00 19.59 [73]
125 CH3OH + OH = CHOH + H)O 3.0000E+01 2.65 -3.70 [73]
126 CH:OH + OH = CH3O + H20 5.3000E+00 2.65 -3.70 [73]
127 CH3OH + CHz = CHOH + CHa 3.1900E-02 3.20 30.00 [73]
128 CH3;OH + O = CHOH + HO; 2.0500E+10 0.00 188.00 [147]
129 CH3OH + HO; = CH,OH + H>0» 3.9800E+10 0.00 81.22 [146]
130 CH300 + CHs= CH300H + CHs 3.0000E+09 0.00 95.00 [148]
131 CH300 + CH20O = CH300H + CHO 3.0000E+09 0.00 52.00 [72]
132 CH300 + HO, = CH30O0H + O 2.4700E+08 0.00 -6.56 [149]
133 CH300 + CH300 = CH30 + CH30 + O3 5.4800E+07 0.00 -3.49 [140]
134 CH3z00 + CHs; = CH30 + CH30 1.0000E+10 0.00 0.00 [72]
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135 CH300 + CyHg = CH300H + C3Hs 3.0000E+08 0.00 62.50 [150]
136 CH;O0OH = CH3O + OH 6.0000E+14 0.00 177.09 [148]
137 C. +0 =CO +(C 3.6100E+11 0.00 0.00 [151]
138 Cz + 0O, =CO + CO 8.9700E+09 0.00 4.10 [152]
139 C:H +0 =CO + CH 1.0000E+10 0.00 0.00 [73]
140 CH +OH= CHO + H 2.0000E+10 0.00 0.00 [73]
141 CH +H, =CH, +H 5.6700E+07 0.90 8.34 [73]
142 CH +0, =CO + CO +H 9.0400E+09 0.00 -1.91 [73]
143 CH + HO =CHO + H 1.1400E+10 0.00 1.66 [73]
144 CH + H = C + H 3.6100E+10 0.00 118.25 [73]
145 CoH + CyH = CoH, + C2 1.8100E+09 0.00 0.00 [150]
146 CoH + CHs =CsHs + H 2.4100E+10 0.00 0.00 [73]
147 CH + CoH =CH +H 1.0000E+11 0.00 0.00 [73]
148 CH, + M = CoH + H+M 4.2000E+13 0.00 448.00 [73]
149 CH, +M = H2C» + M1 2.5000E+12 -0.64 207.95 [153]
150 CH, + O = CO + CHax(T) 1.2500E+04 2.00 7.94 [154]
151 CH, +0O0 =CHO +H 9.0400E+09 0 19.00 [150]
152 CsH, + OH = CzH + HO 3.3700E+04 2.00 58.57 [73]
153 CH, + OH = CHO + H 3.7500E+03 1.70 4.18 [133]
154 CH, + HO, = CoH,O + OH 6.0000E+06 0.00 33.52 [150]
155 CH, + O, = CyH + HO; 1.2000E+10 0.00 311.70 [73]
156 C,H, + CH = CzH + H; 3.1500E+10 0.00 -0.51 [133]
157 C,H, + CH =CsH, + H 1.7850E+11 0.00 -0.51 [133]
158 CoHz + CHx(S) =CsHs + H 8.0000E+10 0.00 0.00 [133]
159 | CoHz + CH2(S) = CsHa(B) 8.0000E+10 | 0.00 0.00 [133]
160 | CoHz + CHa(T) = CsHa(B) 1.2000E+10 | 0.00 27.70 [73]
161 CH, + CHs = CzH4(A) + H 9.6800E+10 0.00 117.13 [8]
162 CoH, + CHs = C3Hs(S) 1.6100E+37 -8.58 85.06 [155]
163 CoH, + CHs = CsHs(A) 2.6800E+50 -12.82 150.00 [156]
164 CoH, + CHs =CH + CHs 1.8100E+08 0.00 72.33 [150]
165 CH, + CoH2 = C4H3(N) + H 1.0000E+09 0.00 276.14 [73]
166 CH, + CoH2 = C4Hs(l) + H 2.0000E+09 0.00 268.00 [73]
167 CH, + CoH = Cs4H2 + H 1.2000E+11 0.00 0,00 [73]
168 H,C, + O, = CHp(T) + CO; 5.0000E+10 0.00 0.00 [153]
169 H.C, + O = CHy(T) + CO 3.0000E+10 0.00 0.00 [153]
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170 H.C, + OH = CHy(T) + CHO 2.0000E+10 0.00 0.00 [153]
171 H.C, + O, =CHO +CHO 1.0000E+10 0.00 0.00 [72]
172 CoH3 =CH, +H" ko= | 2.0000E+14 0.00 166.28 [101]
ko= | 4.1600E+38 -7.50 190.40
173 CHs + = CH, + H2 3.0000E+10 0.00 0.00 [101]
174 CH; + O = CoHO + H 3.0000E+10 0.00 0.00 [73]
175 CHs + OH = CH, + HO 2.0000E+10 0.00 0.00 [73]
176 CsHs + HO, = CH3CO + OH 3.0000E+10 0.00 0.00 [150]
177 CHs + CH = CyHy, + CHy(T) 5.0000E+10 0.00 0.00 [73]
178 CHz; + CoH = CyH, + CoH» 3.0000E+10 0.00 0.00 [73]
179 CHs; + O, = CH,O + CHO 1.6400E+18 -2.78 1.06 [157]
180 CoHs + O, = CyH, + HO; 1.6600E+11 -0.83 10.62 [136]
181 CsHs + O, = CHCHO + O 2.5000E+09 0.06 3.97 [136]
182 CoHs + O, = CHs;CO + O 1.5000E+08 0.00 -1.00 [133]
183 CHs + CoH = C4H4 1.0000E+11 0.00 0.00 [158]
184 CHz + CoH2 =C4Hs + H 4.6800E+09 0.00 21.70 [133]
185 CoHsz + CoHs = C4Hs(T) 1.0000E+10 0.00 0.00 [73]
186 C,Hs; + CH = CsHz + H» 3.1500E+10 0.00 -0.51 [72]
187 C,H; + CH =CsHs + H 1.7885E+11 0.00 -0.51 [72]
188 CoHs + CHy(S) = CsHs + Hz 8.0000E+10 0.00 0.00 [72]
189 | CoHz + CH2(S) = C3Hy(B) + H 8.0000E+10 | 0.00 0.00 [72]
190 | CoHz + CHa(T) = C3Hy(B) + H 1.2000E+10 | 0.00 27.70 [72]
191 CHs + M = CoHz + H+M 2.6000E+14 0.00 404.00 [73]
192 CoHs + H = CyHs + Hy 5.0700E+04 1.93 54.19 [159]
_ 17 -

s |G e = oo | S | 3% | 30 | we
194 CxHs + O = CHO + CHs 8.1000E+03 1.88 0.76 [136]
195 CHs + O = CH,CHO +H 4.7000E+03 1.88 0.76 [140]
196 CHs + 0O =CHO + H2 6.7500E+02 1.88 0.76 [136]
197 CHs + OH = CoHs + H.0 2.0500E+10 0.00 24.86 [101]
198 CoHs + HO2 = CyH3 + H20; 1.1200E+10 0.00 127.30 [160]
199 CoHs + HO; = CH3CHO + OH 6.0300E+06 0.00 33.25 [150]
200 CoHs + HO,= CyH4O + OH 2.2300E+09 0.00 71.90 [101]
201 CHs + O = CHs + HO; 4.2200E+10 0.00 241.11 [150]
202 CoHs + CoHs=CyHs + CoHs 5.0100E+11 0.00 271.00 [161]
203 CoHs + CHy(S) = CsHs 6.6000E+10 0.00 0.00 [73]
204 CoHs  + CHy(T) = CsHe 1.8000E+07 0.00 0.00 [73]
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205 | C;Hs + CH = CsHs + Hp 3.1500E+10 | 0.00 -0.51 [72]
206 | C;Hs + CH = C3Ha(B) + H 1.7850E+11 | 0.00 -0.51 [72]
207 | CoHa + CHx(S) = CsHa(B) + H2 8.0000E+10 | 0.00 0.00 [72]
208 | CoHs + CHa(S) = CgHs(B) + H 8.0000E+10 | 0.00 0.00 [72]
209 | CoHs + CHa(T) = CgHs(B) + H 1.2000E+10 | 0.00 27.70 [72]
210 | CoHs + CoH =CsHs +H 1.2100E+10 | 0.00 0.00 [150]
211 | CoHs + H = CoHya + Hy 4.5000E+10 | 0.00 0.00 [162]
212 | CsHs + O = CHyO + CHjs 6.6000E+10 | 0.00 0.00 (73]
213 | CHs + O = CsHs +OH 3.0600E+10 | 0.00 0.00 [162]
214 | CyHs + O = CHsCHO + H 6.6000E+10 | 0.00 0.00 [133]
215 | CsHs + O, = CHsCHO + OH 1.9462E+09 | -0.47 | 32.47 [163]
216 | CsHs + O = CoHs + HO, 1.0200E+17 | -2.97 | 36.13 [163]
217 | CHs + O = CH4O + OH 1.9390E+17 | -3.08 | 36.13 [163]
218 | CsHs + O; = C,H4OO0H 8.8400E+34 | -9.33 | 42.48 [163]
219 | CsHs + O, = CHs00 9.4200E+33 | -8.01 | 25.50 [163]
220 | CoHs + CiHs = C4H1o(N) 1.7200E+14 | -1.66 4.59 [164]
991 | CaHe = CiHs + H®® ko= | 8.8500E+20 | -1.23 | 427.70 73]

ko= | 4.9000E+39 | -6.43 | 448.40
222 | CoHe + H = CoHs + H 1.4450E+06 | 1.50 31.00 [73]
223 | CsHs + O = CHs + OH 1.0000E+06 | 1.50 24.30 [73]
224 | CoHe + OH= CsHs + H,0 7.2260E+03 | 2.00 3.61 (73]
225 | CoHs + CHx(S)= CsHs + CHjs 1.1400E+11 | 0.00 0.00 (73]
226 | CoHe + O = CoHs + HO 6.0230E+10 | 0.00 | 216.99 [101]
227 | CoHe + HO; = CoHs  + H.02 1.3200E+10 | 0.00 85.63 [101]
228 | CoHs + CHs = CyHs + CHy 1.5000E-10 6.00 25.26 [101]
229 | C0 + H = CO + CH 5.0000E+10 | 0.00 0.00 [73]
230 | C,0 + O =CO +CO 5.0000E+10 | 0.00 0.00 (73]
231 |[C0 +OH =CO +CO +H 2.0000E+10 | 0.00 0.00 (73]
232 |C0O +0, =CO +CO +0 2.0000E+10 | 0.00 0.00 (73]
233 | C;HO+ H = CHxS) + CO 1.0000E+11 | 0.00 0.00 [73]
234 |C;HO+ O =CO +CO +H 9.6350E+10 | 0.00 0.00 [73]
235 | CLHO+ OH = C,0  + H0 3.0000E+10 | 0.00 0.00 [73]
236 | C;HO + CH = CoH, + CO 5.0000E+10 | 0.00 0.00 (73]
237 | CoHO + CHy(T) = CoHs + CO 3.0000E+10 | 0.00 0.00 (73]
238 | C;HO + C,HO = C,H; + CO +CO 1.0000E+10 | 0.00 0.00 (73]
239 | C;HO + O =CO +CO + OH 1.9092E+08 | -0.02 4.28 [165]
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240 CHO + O3 =CO, +CO +H 4.7800E+09 -0.14 4.81 [165]
241 C,HO + CoH2 = CsHz + CO 1.0000E+08 0.00 12.60 [73]
242 CHO + H = CO + CHs 1.1100E+04 2.00 8.36 [166]
243 CHO + H = CoHO + H; 1.8000E+11 0.00 35.98 [166]
244 CHO + O = CO2; + CHy(T) 2.0000E+10 0.00 9.60 [167]
245 C:HO + O = CoHO + OH 2.0000E+04 2.00 41.68 [136]
246 CHO + OH = CH;OH + CO 1.0200E+10 0.00 0.00 [101]
247 C,H,O + CHy(S) = CoHs + CO 1.2600E+11 0.00 0.00 [168]
248 C>H,O + CHs = CHs + CO 9.0000E+07 0.00 0.00 [133]
249 C,H,O + CH3 = CoHO + CHqy 7.5000E+09 0.00 54.39 [133]
250 C.,H,O + OH = CoHO + HO 1.0000E+04 2.00 12.56 [136]
251 CHCH20 = CH3CO 8.5000E+14 0.00 58.60 [160]
252 CHCH20 = CH2CHO 1.0000E+14 0.00 58.60 [160]
253 CH2CHO = CHsCO 1.0000E+13 0.00 184.10 [136]
254 CH2CHO = CHO+ H 1.5800E+13 0.00 196.65 [136]
255 CH;CHO + OH = C3H0 + H20O 1.0000E+10 0.00 0.00 [136]
256 CH;CHO +O0 = CyH,O +OH 1.0000E+11 0.00 0.00 [136]
257 CH,CHO +0, = CH,O +CO +OH 1.8100E+07 0.00 0.00 [101]
258 CH2CHO +CH3z =CHe + CO 6.1000E+09 0.00 0.00 [136]
259 CH:CHO +M = CHO +CHs; +M 7.0800E+15 0.00 342.15 [101]
260 CH3CHO + H = CH3CO + H» 2.1000E+06 1.16 10.09 [133]
261 CH3;CHO + O = CH3CO + OH 5.0000E+09 0.00 7.50 [167]
262 CH3CHO + OH= CH3CO + H20O 2.3000E+07 0.73 -4.66 [133]
263 CH3CHO + HO2 = CH3CO + H20: 3.0000E+09 0.00 49.87 [101]
264 CH3CHO + CHy(T) = CHsCO + CHs 2.5000E+09 0.00 15.89 [133]
265 CH3CHO + CHz = CH3CO + CHs4 2.0000E-09 5.64 10.31 [101]
266 CH3CHO + 02 = CH3CO + HO; 4.0000E+10 0.00 164.19 [133]
o7 [CHOO =CH +CO ko] 2000003 | 000 | Tire |y
268 CH3CO +H = CyHO + Hz 1.1500E+10 0.00 0.00 [72]
269 CH;CO +H = CHs + CHO 2.1500E+10 0.00 0.00 [72]
270 CH3CO + OH = CyH,O + HO 1.2100E+10 0.00 0.00 [150]
271 CH:CO +0O = CHs + CO; 1.5400E+11 0.00 0.00 [72]
272 CH:CO +0O0 = C;H,O +OH 3.8600E+10 0.00 0.00 [72]
273 CH3CO +CHz= CyHs + CO 5.0000E+10 0.00 0.00 [133]
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274 CoH4O = CHs + CHO 3.4000E+13 0.00 241.90 [160]
275 C>H4O = CH3CHO 5.8400E+11 0.00 219.10 [160]
276 CHO + H = CHCHO + H» 7.9000E+10 0.00 41.00 [160]
277 CoHsO + OH= CHCH,O + HO 1.7800E+10 0.00 15.10 [160]
278 CoHsO + HO, = CHCHO + H202 1.1200E+10 0.00 127.30 [160]
279 CH O + HO2= CH; + CO +H02 4.0000E+09 0.00 71.20 [101]
280 CH4sO + CHz = CHCH,O + CHga 1.0700E+09 0.00 49.50 [160]
281 CoH40 + CH3O0 = CHCHO + CH30OH 1.2000E+08 0.00 28.30 [160]
282 C2H40 + CH300 = CHCH,O +CHsOO0H 1.1200E+10 0.00 127.30 [160]
283 C>H,O0H = C,H,O + OH 1.4900E+41 -9.51 94.46 [163]
284 C>H,O0H = C;Hs; + HO» 6.5800E+41 -9.70 96.28 [163]
285 C>H,O0H = C;Hs; + HO: 5.6500E+41 -10.9 110.78 [163]
286 C>H4O0H = CH3:CHO + OH 3.1000E+37 -10.1 119.55 [163]
287 C2Hs0 = CH20 + CHs 1.0000E+15 0.00 90.40 [160]
288 C2Hs0 = CH:CHO + H 2.5100E+14 0.00 97.90 [160]
289 C2Hs0 + Oz = CHsCHO + HO3 6.0300E+07 0.00 6.90 [160]
290 C>Hs00 = C,H4OO0H 4.5540E+51 -13.30 184.53 [163]
291 C>Hs00 = C;Hs + HO2 6.4630E+30 -6.06 146.98 [163]
292 C>Hs00 = CHs + HO 4.4700E+42 -10.10 128.07 [163]
293 C>Hs00 = CyH4sO + OH 3.0150E+42 -10.00 188.65 [163]
294 C>Hs00 = CH3CHO + OH 2.1340E+41 -9.81 192.03 [163]
295 C2Hs00 + HO, = CyHsO0H + O 1.6300E+08 0.00 -8.31 [160]
296 C>Hs00 + CH>0 = C,HsOOH + CHO 2.0000E+09 0.00 48.80 [160]
297 C2Hs00 + CHs = CyHsOOH + CHs 1.1200E+10 0.00 103.20 [160]
298 C>Hs00 + CoHs = CoHiO  + CyHs0 2.8200E+09 0.00 71.60 [160]
299 C2Hs00 + CoHs = CoHsOOH + CyH3 1.1200E+10 0.00 127.30 [160]
300 C2Hs00 + CyHe = CoHsOOH + CiHs 1.7000E+10 0.00 85.60 [160]
301 C2Hs00 + C,H40 = CHCH,0+ C,Hs00H 1.1200E+10 0.00 127.30 [160]
302 C>HsO0H = CoHsO + OH 4.0000E+15 0.00 179.60 [160]
303 C2Hs0O0H + CH,OH = C;Hs00 +CH30H 3.0160E+06 0.00 10.80 [160]
304 CH + O =CH + CO 6.8000E+10 0.00 0.00 [73]
305 CsH + OH = CH, + CO 6.8000E+10 0.00 0.00 [73]
306 CsH + O =CH + CO; 9.0400E+09 0.00 -1.91 [72]
307 CsH + H0O = C3HO + H 1.1500E+10 0.00 1.66 [133]
308 CsH + CH =CH + H 7.0000E+10 0.00 0.00 [133]
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309 CsH + CHxS) =CsH, + H 8.0000E+10 0.00 0.00 [133]
310 CsH + CHy(T) =C4H, + H 8.0000E+10 0.00 0.00 [133]
311 CsH + CHs = C4Hs()+ H 4.0000E+10 0.00 0.00 [133]
312 CsH> = CzHsL 1.0000E+13 0.00 272.00 [133]
313 CsH, + H =CsH + H 1.0000E+11 0.00 0.00 [133]
314 CsH, + H0O = C3HO + Hz 5.7300E+09 0.00 -3.16 [133]
315 CsH, + CHs =CsHs + H 4.0000E+10 0.00 0.00 [133]
316 | CsHz + CHx(S) = CsHs(l)+ H 8.0000E+10 | 0.00 0.00 [133]
317 CsH, + CH =CsH, + H 7.0000E+10 0.00 0.00 [133]
318 CsH, + O =CH + CO+ H 1.4000E+11 0.00 0.00 [133]
319 CsH, + OH = CsH + H0 6.0000E+10 0.00 0.00 [133]
320 CsHy + O2 = CH, + CO; 2.0000E+09 0.00 0.00 [73]
321 CsHx + O2 = CsHO + O 2.0000E+09 0.00 0.00 [72]
322 | CsHz + CHo(T) = CsHs()+ H 8.0000E+10 | 0.00 0.00 [133]
323 CsHoL + H =CsH + H 1.0000E+11 0.00 0.00 [133]
324 CsH,L + OH = CsH + H0 2.0000E+10 0.00 0.00 [133]
325 CsHsz + CsH: = CeHsL + H 1.0000E+10 0.00 0.00 [73]
326 CsHsz + CsHs = CeHs(A) 1.0000E+10 0.00 0.00 [73]
327 CsHz + CsHs = CgHs(B) 1.0000E+10 0.00 0.00 [73]
328 CsHz + CsHs = CgHs(S) 1.0000E+10 0.00 0.00 [73]
329 | CsHs + CsHu(A) = CeHi(L) 3.0000E+08 | 0.00 12.56 [169]
330 CsHs; + CH = CsH3(N) + H 7.0000E+10 0.00 0.00 [73]
331 CsHs; + CH = CsHz(D+ H 7.0000E+10 0.00 0.00 [73]
332 CsHs + CHy(T) =C4Hs + H 8.0000E+10 0.00 0.00 [73]
333 CsHs + CHy(S) =C4Hs + H 8.0000E+10 0.00 0.00 [133]
334 CsHz + H = CsHoL + Ha 1.0000E+10 0.00 9.00 [133]
335 CsHz + O = C3HO + H 2.5000E+10 0.00 0.00 [72]
336 CsHz; + OH = C3HO + H» 4.0000E+09 0.00 0.00 [72]
337 CsHs + O3 = C,H,O + CHO 3.0000E+07 0.00 12.00 [73]
338 CsHsz + H0O = C3H,O + H 1.1500E+10 0.00 100.66 [72]
339 CsHz + CsH3 =CeHs + H 4.0000E+09 0.00 0.00 [131]
340 | CsHa(A) + H = CsHs(T) 8.5000E+09 | 0.00 8.37 [73]
341 | CgH4(A) + H = CsHs(A) 1.5200E+56 | -13.54 | 112.83 [156]
342 CsHa(A) + H = CsHsz + H2 1.0000E+09 0.00 6.28 [145]
343 CsHa(A) + O = C;Hs + CHO 1.1000E-05 4.61 -17.80 [73]
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344 CsHa(A) + OH = CHO + CHs 3.1200E+09 0.00 -1.66 [73]
345 CsHa(A) + OH = CsHz + H20 1.0000E+09 0.00 6.27 [73]
346 CsHai(A) + O2 = C3Hz + HO: 4.0000E+10 0.00 257.50 [73]
347 C3Ha(A) + CHs = C3Hs + CHy 2.0000E+09 0.00 32.20 [73]
348 CsHa(A) + CoH = C3Hs + CzH2 1.0000E+10 0.00 0.00 [73]
349 | C3Ha(A) + CzHa(A) = CsHs(A) + CaHs 5.0000E+11 | 0.00 | 270.88 [73]
350 CsHi(A) + M =CsHz + H + M 2.0000E+15 0.00 334.71 [73]
351 CsHai(A) + CH =C4Hs + H 2.7700E+11 0.00 0.00 [133]
352 | C3Ha(A) + CHa(S) = CsHe(B) 1.6000E+11 | 0.00 0.00 [133]
353 | C3Ha(A) + CHa(T) = C4He(B) 1.6000E+10 | 0.00 0.00 [133]
354 | C3Ha(B) = CsHa(A) 1.5130E+14 | 0.00 | 211.00 [73]
355 | C3Ha(B) = CsH4(P) 7.0800E+13 | 0.00 | 182.96 [73]
356 | CsHa(P) + H = CsHs(T) 6.5000E+09 | 0.00 8.37 [73]
357 | CsHa(P) + H = CzHs(S) 5.8000E+09 | 0.00 12.98 [73]
358 | CsHa(P) + H = CsHs + H. 1.0000E+09 | 0.00 6.28 [145]
359 | CsHa(P)+ O = CoH,0 + CHy(T) 6.4000E+09 | 0.00 8.41 [73]
360 | C3H4(P) + CHx(S) = CasHe(B) 1.6000E+11 | 0.00 0.00 [73]
361 CsHa(P) = CsHa(A) 5.1500E+60 -13.93 381.48 [156]
362 | CsHy(P) + M = CgHa(A) + M 6.2700E+14 | -0.91 | 42.19 [156]
363 CsHa(P) + M =CsHs + H + M 4.7000E+15 0.00 334.17 [73]
364 CsHa(P) + O = CHz; + CHO 3.2000E+09 0.00 8.41 [73]
365 CsHa(P) + O = CoHO + CHs 6.3000E+09 0.00 8.41 [73]
366 CsHa(P) + OH = C;Hs + CHO 5.0000E-07 4.50 -4.19 [73]
367 CsHa(P) + OH = C3Hs + H0O 3.0000E+00 3.00 0.84 [170]
368 | CsHa(P) + O = C,HO + CHx(T) +OH | 6.1500E+04 | 1.50 | 126.00 [72]
369 CsHa(P) + O2 = C3Hz + HO: 5.0000E+09 0.00 231.00 [73]
370 CsHa(P) + CH =CsHs + H 2.7700E+11 0.00 0.00 [133]
371 | CsH4(P) + CHo(T) = C4He(B) 1.6000E+10 | 0.00 0.00 [133]
372 C3Ha(P) + CHs = C3Hs + CH,u 2.0000E+09 0.00 32.20 [145]
373 CsHa(P) + CoH = C3Hs + CuH: 1.0000E+10 0.00 0.00 [73]
374 CsHa(P) + H = CHs; + CiH» 1.0000E+11 0.00 16.62 [171]
375 | CsHs(A) + H = C3Ha(A) + Ha 1.8100E+10 | 0.00 0.00 [172]
376 CsHs(A) + O = C3HsO + H 6.0000E+09 0.00 0.00 [172]
377 CsHs(A) + O2 = C3Ha(A) + HO; 1.2100E+09 0.00 56.70 [172]
378 CsHs(A) + O2 = C3H,O + OH 8.4200E+05 0.00 -9.62 [133]
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379 | CsHs(A) + O = CH3CO + CH,0O 1.1900E+12 | -1.01 | 84.27 [156]
380 | CsHs(A)+ CHs = C3Ha(A) + CHa 3.0000E+09 | -0.32 -0.55 (73]
381 | CsHs(A) + HO;, = OH + CyHs + CH,O | 6.6000E+09 | 0.00 0.00 [156]
382 | CsHs(A)+ CoHz = CiHs + CszHa(A) 2.4100E+09 | 0.00 0.00 [73]
383 | CsHs(A)+ CoHs = CiHs + CszHa(A) 9.6000E+08 | 0.00 -0.55 [73]
384 | CsHs(A) + CsHs(A) = CsHa(A) + CsHs 8.4000E+07 | 0.00 -1.09 [73]
sws | CHTH - O | 2oett | 00| 9% | use
386 | CsHs(A)+ OH = CsH, + CH,O +H, 1.5000E+10 | 0.00 0.00 [172]
387 | CsHs(A)+ HO, = C3HsO + OH 4.4500E+09 | 0.00 0.00 [72]
388 | CsHs(A)+ CoHs = CsHg + H 1.2046E+07 | 0.00 48.02 [172]
389 | CsHs(A)+ CsH, = CsHg + H 4.0000E+10 | 0.00 90.00 [72]
390 | CsHs(A)+ CeHs = CoHs + H 2.0000E+10 | 0.00 90.00 [72]
391 | CsHs(S)+ H = CsHa(A) + H 1.8000E+10 | 0.00 0.00 [136]
392 | C3Hs(S)+ O = CH,O + CHs 1.8000E+11 | 0.00 0.00 (73]
393 | C3Hs(S)+ O = C3HsO + OH 2.1700E+09 | 0.00 0.00 [133]
394 | C3Hs(S)+ CHs = CzHa(A)+ CHq 1.0000E+08 | 0.00 0.00 (73]
395 | CsHs(S)+ CaHz = CoHa + CsHa(A) 1.0000E+08 | 0.00 0.00 [73]
396 | CsHs(S)+ CoHs = CoHg + CsHa(A) 1.0000E+08 | 0.00 0.00 [73]
397 | CsHs(S)+ O = CHsCO + CH,0O 2.1700E+09 | 0.00 0.00 [133]
398 | C3Hs(T) + O = CH3CO + CH,0O 2.1700E+09 | 0.00 0.00 [133]
399 | C3Hs(T) + O = C3HsO + OH 2.1700E+09 | 0.00 0.00 [133]
400 | C3Hs(T) + H = C3Ha(A) + Hs 1.8100E+10 | 0.00 0.00 [156]
401 | CsHs(T)+ O = CHO + CHs + H 1.8000E+11 | 0.00 0.00 [73]
402 | CsHs(T)+ CHs = CgHa(A)+ CHa 1.0000E+08 | 0.00 0.00 [73]
403 | CsHs(T)+ CaHz = CiHs + CsHa(A) 1.0000E+08 | 0.00 0.00 [73]
404 | CsHs(T)+ CoHz = CsHg(l) 2.5000E+10 | 0.00 0.00 [173]
405 | CsHs(T)+ CoHs = CoHe + CsHa(A) 1.0000E+08 | 0.00 0.00 (73]
406 | CsHs(B) = C3Hs(A) 1.0000E+10 | 0.00 0.00 [136]
407 | CsHs(B) + H = CsHa(B) + Ha 1.0000E+11 | 0.00 0.00 [136]
408 | CsHs(B) + OH = CsHa(B) + H20 2.0000E+10 | 0.00 0.00 [136]
409 | CsHs(B)+ O = CsH4(B) + OH 3.6700E+10 | 0.00 0.00 [136]
410 | CsHs(B)+ O = CHs + CHO 1.1000E+11 | 0.00 0.00 [136]
411 | CsHs + OH = CH3CHO + CHs 3.4600E+08 | 0.00 0.00 [174]
412 | CsHs + HO; = CaHs(A) + H20; 9.6400E+00 | 2.60 58.20 [156]
413 | CeHe = CsHs + CHg™ ko= | 1.1000E+21 | -1.20 | 408.84 73]
ko= | 2.0000E+11 | 0.00 0.00
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414 | CsHs = CsHs(S)+ H 7.5900E+14 | 0.00 | 424.12 (73]
415 | CsHs = CgHs(T)+ H 1.4500E+15 | 0.00 | 410.56 (73]
416 | CsHs + H = CsHs(A) + Ha 1.7200E+02 | 2.50 10.42 [172]
417 | CsHe + H = C3Hs(S) + Ha 4.1000E+02 | 2.50 40.98 [172]
418 | CsHe + H = CgHs(T) + Ha 8.0360E+02 | 2.50 51.39 [172]
419 | CsHs + O = CHs + CHO 5.2170E+04 | 1.57 -2.63 [73]
420 | CsHs + O = CoHs + CH,0 3.4840E+04 | 1.57 -2.63 (73]
421 | CsHs + O = CH; + CHz + CO | 6.9600E+04 | 1.57 -2.63 (73]
422 | CsHs + OH = CzHs(A) + H.0 3.1000E+03 | 2.00 -1.25 [156]
423 | CsHs + OH = CgHs(S) + H20 4.1000E+09 | 0.00 28.87 [73]
424 | CsHe + OH = CaHs(T) + H20 4.1000E+09 | 0.00 28.87 [73]
425 | CsHe + O = CsHs(A) + HO» 1.9500E+09 | 0.00 | 163.28 [73]
426 | CsHs + O = C3Hs(S) + HO» 2.0000E+10 | 0.00 | 199.29 (73]
427 | CsHs + O = C3Hs(T) + HO; 2.0000E+10 | 0.00 | 184.22 (73]
428 | CsHe + CHs = CsHs(A) + CHa 2.2100E-03 3.50 23.74 [73]
429 | CsHe + CHs = C3Hs(S) + CHa 8.4200E-04 | 3.50 48.77 [73]
430 | CsHe + CHs = CsHs(T) + CHs 1.3510E-03 3.50 53.60 [73]
431 | CsHg + CoHs = CsHs(A) + CoHs 2.2200E-03 3.50 27.77 [73]
432 | CsHs + H = CHs + CHs 2.6000E+05 | 1.50 8.36 [175]
433 | CsHs + HO; = CsHeO + OH 1.2900E+09 | 0.00 62.38 [133]
434 | CsHs + OH = C3HsOH 2.7500E+09 | 0.00 -4.35 [133]
435 | CsHe + H = C3Hz(N) 7.2300E+09 | 0.00 12.14 [73]
436 | C3Hs(B) = CsHs 8.0400E+14 | 0.00 | 267.50 [136]
437 | C3Hg(B) + H = CsHs(B) + Ha 1.6200E+11 | 0.00 49.00 [136]
438 | C3Hs(B) + OH = C3Hs(B) + H,0 7.0400E+04 | 1.50 4.33 [136]
439 | CsHg(B)+ O = CHs + CO 6.3000E+05 | 1.45 -3.59 [136]
440 | CsHy(N) + H = CsHs + Ha 1.8100E+09 | 0.00 0.00 [113]
441 | C3Hz(N) + OH = CsHe + H20 2.4100E+10 | 0.00 0.00 [113]
442 | CsHy(N) + O = PCsHeO + H 8.3000E+10 | 0.00 0.00 [136]
443 | CsHy(N) + O = CH,O + CyHs 1.4000E+10 | 0.00 0.00 [136]
444 | C3Hy(N) + O2 = C3zH;00(N) 1.0000E+09 | 0.00 0.00 [176]
445 | CsH7(N) + H = C3Hs 2.0000E+10 | 0.00 0.00 (73]
446 | C3Hy(N) + O2 = CsHe + HO 1.0000E+09 | 0.00 20.91 (73]
aa7 | CeHI(N) = CsHs + CHs™ ko= | 1.2300E+13 | -0.10 | 126.37 (077l

ko= | 5.4000E+46 | -12.00 | 149.65
448 | CaHy(l) + H = CsHs 2.0000E+10 | 0.00 0.00 [73]
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449 | CsHy(l) + O = CsHe + HO 1.0000E+09 | 0.00 12.50 [73]
450 | CsHo(l) = CoHs + CHs 2.0000E+10 | 0.00 | 123.50 [73]
1 |0 IR b - A B e A
452 | CaHy(l) + O = C3H,00(l) 6.6200E+09 | 0.00 0.00 [72]
453 | C3H/(l) + OH = CsHs + H.0 2.4100E+10 | 0.00 0.00 [113]
454 | CaHy(l) + H = CsHg + Ho 3.6100E+09 | 0.00 0.00 [113]
455 | CsH(l) + O = ACsHsO + H 4.8200E+10 | 0.00 0.00 [113]
456 | CsHz(l) + O = CH3CHO + CHs 4.8200E+10 | 0.00 0.00 [113]
457 | CsHs + O2 = CsHs() + HO; 3.9700E+10 0.00 199.54 [113]
458 | CsHg + O = CsHy(N) + HO2 3.9700E+10 | 0.00 | 212.84 [113]
459 | CaHe = CHs + CHs" k.= | 1.1000E+17 | 0.00 | 353.00 73]

ko= | 7.8220E+15 | 0.00 | 217.19

460 | CsHg + H = CsHy(N) + Hy 1.3000E+11 | 0.00 40.60 [73]
461 | CsHg + H = CaHy(l) + Ha 1.0000E+11 | 0.00 34.90 [73]
462 | CsHg + O = CsHsy(N) + OH 3.0000E+10 | 0.00 24.10 (73]
463 | CsHg + O = CsHy(l) + OH 2.6000E+10 | 0.00 18.70 (73]
464 | CsHg + OH = C3Hz(N) + H.0 5.7500E+05 | 1.40 3.55 (73]
465 | CsHg + OH = CsHy(l) + H20 4.7800E+05 | 1.40 3.55 [73]
466 | CsHg + CHas = CsgHy(N) + CHq 9.0300E-04 3.65 29.9 [113]
467 | CsHg + CHas = CgHy(l) + CHa 1.5055E-03 3.46 22.9 [113]
468 | C3H,0 = CH, + CO 8.5100E+14 | 0.00 | 297.00 (73]
469 | C3H,O + O = CHO + C;HO 1.0000E+10 | 0.00 0.00 (73]
470 | CsH,O + OH = CHO + C;H,0 1.0000E+10 | 0.00 0.00 (73]
471 | C3H:0 = CHs + CO 1.0000E+12 | 0.00 | 138.27 [133]
472 | C3H:0 = CsHO + Hy 6.0000E+10 | 0.00 0.00 [133]
473 | CsHsO + O = CsH,0 + OH 7.8300E+10 | 0.00 0.00 [133]
474 | C3H4O = CHs + CHO 1.0000E+14 | 0.00 | 422.00 [133]
475 | C3H4O = C3H:O + Hy 3.9800E+10 | 0.00 17.58 [133]
476 | C3HsO + O = C3HiO + OH 5.0000E+09 | 0.00 7.50 [133]
477 | CsHsO + OH = CsHiO + H,0 1.0000E+10 | 0.00 0.00 [133]
478 | C3HsO + HO = C3HiO + H20; 1.6900E+09 | 0.00 44.80 [133]
479 | C3HsO = CoH,0 + CHs 1.5100E+14 | 0.00 | 250.62 [133]
480 | C3HsO = CHs + CHO 2.4500E+14 | 0.00 | 244.76 [133]
481 | C3HsO = CHs + CHy0 3.2400E+13 | 0.00 | 246.00 [133]
482 | C3HsO = PC3HsO 1.8400E+14 | 0.00 | 244.76 [133]
483 | C3HsO = TC3HsO 1.8400E+14 | 0.00 | 244.76 [133]




230 Appendix A
No Reaction A n Ea Ref
484 PC3HsO = CHO + CHs 8.0000E+13 0.00 125.52 [133]
485 TC3HsO = CHs + CHO 8.0000E+13 0.00 83.68 [133]
486 TC3HsO + O = C3H4sO + HO; 1.7300E+08 0.00 7.32 [133]
487 AC3Hs0 = CoH,O + CHs 8.0000E+13 0.00 108.78 [133]
488 C3HsO = C3HsO + H 8.0000E+14 0.00 383.92 [133]
489 C3HsO = CH3CO + CHs 8.0000E+15 0.00 384.92 [133]
490 C3sHeO + H = C3HsO + H2 5.0000E+09 0.00 6.27 [133]
491 C3sHeO + OH = C3HsO + H0 2.0000E+10 0.00 12.80 [133]
492 C3sHeO + O = C3HsO + OH 3.0000E+10 0.00 21.75 [133]
493 C3HsO = AC3HsO 1.0100E+14 0.00 250.62 [133]
494 C3HsO = PC3HsO 1.8400E+14 0.00 244.76 [133]
495 C3HsO + HO» = C3HsO + H:0; 3.2400E+08 0.00 62.34 [133]
496 | AC3HsO + M = CHCO + CHs +M 2.4800E+16 0.00 340.57 [133]
497 | AC3HsO + H = AC3HsO + H2 2.0000E+11 0.00 37.65 [133]
498 | AC3H¢O + OH = AC3HsO + HO 1.0200E+09 0.00 4.98 [133]
499 AC3HsO + O = AC3Hs0O + OH 1.0000E+10 0.00 24.94 [133]
500 AC3HgO + CHs = AC3Hs0O + CHg4 5.0000E+09 0.00 33.47 [133]
501 PC3sHsO + M =CHs + CHO +M 7.2500E+16 0.00 344.76 [133]
502 PC3HsO + M = CHCO + CHs; +M 4.7800E+16 0.00 351.46 [133]
503 PC3sHsO + H = PC3Hs0 + H» 1.0000E+11 0.00 37.65 [133]
504 PC3sHsO + H = TC3HsO + H 1.0000E+11 0.00 37.65 [133]
505 PCsHsO + O = PC3zHsO + OH 5.6800E+09 0.00 6.45 [133]
506 PCsHsO + O = TC3HsO + OH 5.6800E+09 0.00 6.45 [133]
507 PC3HsO + OH = PC3Hs0 + HxO 1.2100E+10 0.00 0.00 [133]
508 PC3sHsO + OH = TC3Hs0 + H)O 1.2100E+10 0.00 0.00 [133]
509 PC3HsO + CH3 = PC3HsO + CHg4 5.0000E+09 0.00 33.47 [133]
510 PC3HeO + CHz = TCzHsO + CHa 5.0000E+09 0.00 33.47 [133]
511 C3HsOH = CuHs + CH.O 1.4100E+09 0.00 72.00 [133]
512 C3HsOH = CH3CHO + CHs; 1.0000E+09 0.00 72.00 [133]
513 C3HsOH + O, = CH3CHO + CH,O + OH 1.0000E+09 0.00 -4.60 [133]
514 C3HeOOH = C3HeO + OH 3.9800E+15 0.00 179.91 [179]
515 C3sH7O(N) + O, = C3HgO + HO» 3.1600E+08 0.00 16.73 [180]
516 CsH7;O(N) + O, = PC3HsO + HO» 3.1600E+08 0.00 16.73 [180]
517 C3H7O(N) = CuHs + CH2O 3.9800E+14 0.00 71.96 [180]
518 C3H/O(I) + 02 = PC3HgO + HO; 3.1600E+08 0.00 16.73 [180]
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519 CsH;0(l) + O, = AC3HgO + HO» 3.1600E+08 0.00 16.73 [180]
520 CsH;0O(l) = CH:CHO + CHs 3.9800E+14 0.00 71.96 [180]
521 CsH;00(l) = CH:CHO + CH30 1.0000E+13 0.00 104.60 [180]
522 C3H700(I) + CsHg = C3H;OO0H(l) + C3H7(1) 1.0000E+09 0.00 71.54 [180]
523 C3H700(l) + C3Hg = C3sH7OO0H(l) + C3H7(N) 1.0000E+09 0.00 81.16 [180]
524 C3H700(l) + CH3CHO = C3H;7OOH(l) +CHsCO 1.0000E+09 0.00 37.65 [180]
525 C3H;00(N) = C3HsOOH 1.2500E+12 0.00 158.99 [180]
526 C3sH7;00(N) + CsHg = C3zH7;OOH(N) + CsH7(N) | 1.0000E+09 0.00 81.16 [180]
527 C3sH;0O0(N) + CsHg = C3zH7;OOH(N) + CszHz(I) | 1.0000E+09 0.00 71.54 [180]
528 C3H700(N) + CH3CHO = C3H;O0H(N) +CH3CO | 1.0000E+09 0.00 37.65 [180]
529 C3H7OO0H(N) = C3H7O(N) + OH 3.9800E+15 0.00 179.91 [180]
530 C3H7OO0H(l) = C3H7O(l) + OH 3.9800E+15 0.00 179.91 [180]
531 CiH + CoH: =CeH + H 1.2000E+11 0.00 0.00 [73]
532 CsH + C4H: =CgH, + H 1.2000E+11 0.00 0.00 [73]
533 CH + H =CsH, + H 4.0740E+02 2.40 0.84 [73]
534 CsH> =CH + H 7.8000E+14 0.00 502.40 [73]
535 CiH, + O = C3H, + CO 9.0000E+08 0.00 0.00 [73]
536 C4sH, + OH = C4HO + H 6.6900E+09 0.00 -1.71 [73]
537 CsH, + CoH =CeH + H 1.2000E+11 0.00 0.00 [73]
538 CsHz + C4H2 =CgH, + H + H 1.5000E+11 0.00 234.50 [73]
539 CsHz2 + CoH> =CH + H + H 1.5000E+11 0.00 234.50 [73]
540 | C4Hz + CHx(S) = CsHal)+ H 3.0000E+10 | 0.00 0.00 [73]
541 CsHz + CHx(T) = CsHz(L)+ H 7.0000E+10 0.00 0.00 [73]
542 C4H, + CH =CsH, + H 8.0000E+10 0.00 0.00 [133]
543 C4H3(N) =C4H, + H Ko = 1.0000E+14 0.00 150.72 (73]
ko= | 1.0000E+10 0.00 125.50

544 C4H3(N) + H = CsH2 + H2 8.1300E+10 0.00 0.00 [73]
545 C4H3(N) + OH = C4H2 + H0O 3.0000E+10 0.00 0.00 [73]
546 C4H3(N) + CoH, = CeHs(B) 4.1200E+03 1.65 10.46 [73]
547 CsH3(N) + CH = CsHz(L)+ H 1.6000E+11 0.00 0.00 [133]
548 C4H3(N) + CHxS) = CsHa(L)+ H 1.6000E+11 0.00 0.00 [133]
549 | C4Hs(N) + CHx(T) = CsHaL) + H 1.6000E+11 | 0.00 0.00 [133]
550 C4Hs(l) + CH = CsHs(L)+ H 1.6000E+11 0.00 0.00 [133]
551 CsHs(l) + CH2(T) = CsHa(L)+ H 1.6000E+11 0.00 0.00 [133]
552 | C4Hs(l) + CHo(S) = CsHaL)+ H 1.6000E+11 | 0.00 0.00 [133]
553 CaHs(1) = C4H3(N) 1.5000E+13 0.00 284.45 [73]
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554 C4Hs(1) = C4H, + H ko= | 1.0000E+14 0.00 150.62 (73]

ko= | 1.0000E+11 0.00 125.50
555 CsHs() + H = CsH2 + H 8.1300E+10 0.00 0.00 [73]
556 CsH3(l) + O = C4H2 + OH 2.0000E+10 0.00 0.00 [73]
557 C4Hs(l) + OH = CsH2, + H0 3.0000E+10 0.00 0.00 [73]
558 CsHs(l) + O2 = C4H2, + HO: 1.0000E+09 0.00 12.55 [73]
559 CsHs + CHx(S) = CsHs 7.0000E+10 0.00 0.00 [133]
560 CsHs + CHx(T) = CsHe 7.0000E+10 0.00 0.00 [133]
561 CiHs + CHs =CeHe + H 1.9000E+09 0.00 10.50 [136]
562 CsHs + CH = CsHs 8.0000E+10 0.00 0.00 [133]
563 | CsHs + CHsz = CsH(l) 2.5000E+10 | 0.00 0.00 [173]
564 CsHa = CsH3(l) + H 8.6300E+09 0.00 246.86 [73]
565 C4sHs + H = C4H3(N) + H> 2.0000E+04 2.00 25.17 [73]
566 CiHs + O = C3Hs(A) + CO 2.9500E+09 0.00 0.00 [181]
567 CsHs + OH = C4H3(N) + H20 1.0000E+04 2.00 12.60 [73]
568 CsHa + CoH = C4H3(l) + CoH: 3.9800E+10 0.00 0.00 [73]
569 C4Hs(S) =CyHs + H k.= | 1.0000E+14 0.00 209.20 (73]

ko 2.0000E+12 0.00 175.73
570 CsHs5(S) + H = CsHs + H2 1.0000E+11 0.00 0.00 [73]
571 CsHs5(S)+ OH = C4sHs + H2O 2.0000E+04 2.00 4.18 [73]
572 | C4Hs(S) = C4Hs(T) 1.5000E+13 | 0.00 | 283.45 [73]
573 CsHs5(S) + O, = C3H3O + CH0 4.1500E+07 0.00 10.50 [133]
574 CsHs(S)+ O = CH,O0 + CH3 1.8070E+11 0.00 0.00 [133]
575 C4Hs(T) =CsHs + H k.= | 1.0000E+14 0.00 154.90 (73]

ko= | 1.0000E+11 0.00 125.50
576 C4Hs(T) = CHs + CiH» 1.0000E+14 0.00 183.75 [13]
577 CsHs5(T) + O2 = YC4HsO + O 3.0000E+08 0.29 0.04 [182]

578 CsHs5(T)+ H =CsHs + H 1.0000E+11 0.00 0.00 [73]
579 CsHs5(T)+ OH = C4Hs + H20 2.0000E+04 2.00 4.18 [73]
580 C4Hs5(T) + O, = CH3CO + CyH;0 2.0000E+09 0.00 0.00 [136]
581 C4Hs5(T) + O, = C3H4O + CHO 5.0000E+08 0.00 0.00 [133]
582 | C4Hs(T)+ O = CsHi(A)+ CHO 1.8070E+11 | 0.00 0.00 [133]
583 CsH5(T)+ O, = C4H,O + OH 5.0000E+08 0.00 0.00 [133]
584 CsHs5(T) + O = C4sHs  +HO» 1.0000E+10 0.00 0.00 [72]
585 | C4Hs(T) + HO, = CsHa(A) + CHO + OH 8.9100E+09 | 0.00 0.00 [133]
586 | CsHs(T) + CsHa(A) = C;Hg + H 2.0000E+08 | 0.00 15.48 [183]
587 | C4Hs(T) + CsHa(P) = C;Hg + H 3.1600E+08 | 0.00 15.48 [184]
588 C4Hs(T) + C4H> = CsgHs + H 1.0000E+10 0.00 0.00 [72]
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589 | C4Hs(T)+ CoHz = CeHy(L) 1.7250E+03 1.79 9.37 [73]
590 C4Hs(T) + C4H4 =CgHs + H 3.1600E+08 0.00 251 [184]
591 CsHs(l) + O = CsHs + HO: 1.0000E+09 0.00 0.00 [72]
592 CsHs(l) + O2 = CH3CO + CH.0 4.1500E+07 0.00 10.50 [133]
593 CsHs(l) + O = CoHO + CyH3 1.8070E+11 0.00 0.00 [133]
594 | Ca4Hs(l) = C4Hs(T) 1.5000E+13 | 0.00 | 283.45 [73]
595 CaHs(1) =CyHs + H ko= | 1.0000E+14 0.00 209.34 (73]
ko= | 2.0000E+12 0.00 175.73
596 CsHs(l) + H = CsHs + H2 1.0000E+11 0.00 0.00 [73]
597 C4Hs(l) + OH = C4H4 + HO 2.0000E+04 2.00 4.18 [73]
598 C4He(T) + CoHs = CegHs + H 5.6000E+08 0.00 6.90 [133]
599 | C4He(T) = C4Hs(l) + H 4.4000E+15 | 0.00 | 397.92 [73]
600 | C4Hs(T) + H = C4Hs(T) + Ha 6.3000E+07 | 0.70 25.10 [73]
601 CsHe(T) + H = CoHa + CaHs3 2.0000E+10 0.00 20.92 [185]
602 | CsHe(T) + OH = C4Hs(T) + H.0 2.0000E+04 | 2.00 20.93 [120]
603 | CsHe(T) + O = C4Hs(T) + HO, 4.0000E+10 | 0.00 | 242.00 [73]
604 | C4He(T) + CoHs = CsHs(T) + CaHa 6.3100E+10 | 0.00 60.70 [73]
605 | C4Hs(T) + CsHa = CuHs(T) + CsHa(A) 2.0000E+09 | 0.00 75.31 [72]
606 CsHe(T) + CsHz = C4Hs(T) + C3Ha(P) 1.0000E+10 0.00 75.31 [133]
607 CsHe(T) + H = C3Ha(A) + CHs 6.0000E+09 0.00 29.71 [133]
608 | CsHs(T)+ OH = CsHs(A) + CH.0 2.8100E+09 | 0.00 -3.66 [133]
609 C4He(T) + OH = C3H4sO + CHs 2.8100E+09 0.00 -3.66 [133]
610 C4HgT) + OH = CH3:CO + CjyHa 2.8100E+09 0.00 -3.66 [133]
611 C4He(T) + O = CoHO  + CaHs 1.0000E+09 0.00 0.00 [72]
612 | C4He(T) + O = CsHa(P) + CH20 1.0000E+09 | 0.00 0.00 [72]
613 CsHe(T) + HO, = C3HsO + CHO + H 1.3000E+09 0.00 62.60 [133]
614 | C4He(T)+ O = C4Hs(T) + OH 2.2700E+12 | -0.48 29.42 [186]
615 | CsHe(T) = C4Hs(T) + H 7.0000E+14 | 0.00 397.46 [185]
616 | CsHs(T) +0O, = CuHs() + HO, 1.4000E+09 | 0.00 | 211.85 [186]
617 | C4He(T) +O = C4Hs(l) + OH 4.5300E+12 | -0.47 29.42 [186]
618 C4He(T) +OH = C4Hs(I) + H20 3.1000E+03 2.00 1.80 [182]
619 CsHe(T) +H = CsHs5(l) + H2 6.6500E+02 2.53 38.68 [119]
620 C4He(T) +O = XC4HsO + H 1.5000E+05 1.45 -3.60 [182]
621 | C4He(T) = C4He(M) 2.1000E+13 | 0.00 304.29 [147]
622 | C4He(T) = C4Hs(S) 2.1877E+75 | -17.56 | 484.45 [147]
623 CaHe(T) = C4He(B) 2.1878E+11 -17.56 484.46 [147]
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624 | C4Hs(S) = CsHe(M) 7.0000E+12 | 0.00 | 263.72 [147]
625 | C4Hs(S) = CsHz + CHjs 2.0000E+11 | 0.00 | 248.95 [133]
626 | C4Hs(S) = C4Hs(l) + H 4.2000E+15 | 0.00 | 387.10 (73]
627 | CaHe(S)+ H = CoHs + CoHs 4.0000E+08 | 0.00 0.00 [73]
628 | C4Hs(S)+ H = C4Hs(S) + Hz 1.0000E+11 | 0.00 60.71 [73]
629 | C4Hs(S)+ OH = C4Hs(S) + H.0 1.6200E+10 | 0.00 0.00 [73]
630 | C4Hs(S)+ CHsz = C4Hs(S) + CHa 7.0000E+10 | 0.00 25.00 (73]
631 | C4Hs(S)+ C3Hz = CaHs(S) + CzHa(A) 1.0000E+10 | 0.00 25.00 [133]
632 | C4Hs(S)+ CsHz = C4Hs(S) + CzHa(P) 1.0000E+10 | 0.00 25.00 [133]
633 | C4Hs(S)+ H = CsHs(A) + CHs 6.0000E+09 | 0.00 8.78 [133]
634 | C4He(S)+ O = CsHsO + CHs 3.5800E+09 | 0.00 0.00 [133]
635 | C4Hs(B) = C4Hs(S) 3.0000E+13 | 0.00 | 183.00 [73]
636 | C4Hs(B) = C4Hs(M) 5.2500E+12 | 0.00 | 158.00 (73]
637 | C4Hs(B) = CHy  + CoH2 1.4000E+15 | 0.00 | 301.79 [147]
638 | CaHs(M)+ H = CsHa(P) + CHs 6.5000E+01 | 2.50 4.18 [133]
639 | CsHs(M)+ O = CsHs + CO 6.0000E+10 | 0.00 7.48 [133]
640 | CaHs(F) = C4Hs(S) 2.5000E+13 | 0.00 | 271.96 [133]
641 | C4Hs(F)+ H = CzHa(A) + CHs 1.3000E+02 | 2.50 4.18 [133]
642 | CaHs(F)+ H = CoHs + CoHs 6.5000E+01 | 2.50 4.18 [133]
643 | CaHs(F) = CHs + CH3 3.0000E+13 | 0.00 | 317.14 [133]
644 | C4Hs(F)+ O = CsHs + CO 2.0000E+10 | 0.00 6.94 [133]
645 | C4H/(N)+ O, = C4He(T) + HO; 1.0000E+08 | 0.00 0.00 [187]
646 | CaH7(N) = CoHs + CoHs 5.0000E+13 | 0.00 | 159.10 [186]
647 | C4H7(N) + H = C4He(T) + Ha 3.1600E+09 | 0.00 0.00 [72]
648 | CaH7(N) = C4He(T) + H 2.4800E+53 | -12.30 | 217.57 [186]
649 | C4H7(N) + OH = C4He(T) + H.0O 4.0000E+10 | 0.00 0.00 [72]
650 | C4H7(N) + O = CqHe(T) + OH 4.0000E+10 | 0.00 0.00 [72]
651 | CaHI(N) + H = C4Hg(N) "™ k.= | 3.6000E+10 | 0.00 0.00 [131]

ko= | 3.0100E+42 | -9.32 | 24.41
652 | CaH7(l) + HO; = C4H,0(X) + OH 4.5000E+09 | 0.00 0.00 [173]
653 | C4H7(I) + CH300 = C4H;0(X) + CH3O 2.0000E+09 | 0.00 -5.02 [173]
654 | CaH(l) = CgHa(A) + CHs 2.0000E+13 | 0.00 | 209.52 [188]
655 | CsH-(I) + CHs = CsHio(A) 7.0000E+09 | 0.00 0.00 [173]
656 | CaH7(I) + CqH7(I) = CzHa(A) + CsHio(A) 5.0000E+07 | 0.00 26.35 [173]
657 | C4H/(S) + H = C4He(S) + Hz 3.1600E+09 | 0.00 0.00 [186]
658 | C4H7(S) + OH = C4Hs(S) + H20 4.0000E+10 | 0.00 0.00 [186]
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659 CsH7(S) + O = C4He(S) + OH 4.0000E+10 0.00 0.00 [186]
660 C4Hsg(l) + CH3 = CsH1a(T) 1.7000E+08 0.00 267.77 [173]
661 C4Hsg(l) + CH3 = CsHwo(B) + H 1.5500E+04 1.86 59.33 [173]
662 CaHs(1) = C3Hs(T) + CHs 3.3000E+21 -1.20 408.86 [173]
663 CaHs(1) = C4H7(I) + H 1.0600E+47 -9.30 437.44 [173]
664 CsHg(l) + O2 = CaH7(l) + HO; 1.4400E+10 0.00 161.21 [173]
665 C4Hsg(l) + HO> = CaHy(1) + H2O, 3.0000E+08 0.00 59.37 [173]
666 C4Hsg(l) + HO> = C4HgO(X) + OH 1.0200E+09 0.00 62.60 [173]
667 C4Hg(l) + OH = C4H7(l) + HO 6.0000E+03 2.00 -0.25 [173]
668 CsHg(l) + OH = C4HsOH(l) 3.4000E+20 -3.58 8.71 [173]
669 CsHg(l) + O = C4H7(I) + OH 3.0000E+05 1.28 -4.51 [173]
670 CsHg(l) + O = CsH(l) + CHO 5.0000E+05 1.28 -4.51 [173]
671 CsHsg(l) + O = C4HgO(X) 1.0000E+05 1.28 -4.51 [173]
672 CsHsg(l) + H = CaHy(l) + H2 1.7200E+11 0.00 33.47 [173]
673 CsHsg(l) + H = CsHe + CHs 1.7200E+10 0.00 15.06 [173]
674 CsHg(l) + CHs = CaH+(l) + CHa 4.4200E-03 3.50 18.49 [173]
675 CsHg(l) + CHO = CaH7(l) + CHO 3.3000E+08 0.00 25.98 [173]
676 CsHsg(l) + CoHs = C4H7(l) + CoHa 1.0000E+10 0.00 54.39 [173]
677 CsHsg(l) + CsHs(A) = C4H7(I) + CsHe 7.9400E+08 0.00 85.77 [173]
678 CsHsg(l) + C3Hs(S) = C4H7(I) + CsHe 7.9400E+08 0.00 85.77 [173]
679 CsHsg(l) + C3Hs(T) = Ca4H7(I) + CsHs 7.9400E+08 0.00 85.77 [173]
680 CsHg(l) + CH300 = C4HsO(X) + CHs0O 4.0000E+08 0.00 50.20 [173]
681 CsHg(N) + Oy = C4H7/(N) + HO, 1.4400E+10 0.00 250.21 [72]
682 | C4Hg(N) + HO2 = C4H7(N) + H20 3.0000E+08 | 0.00 | 148.34 [72]
683 C4Hs(N) = C3Hs5(A) + CHs 1.0000E+16 0.00 305.42 [13]
684 C4Hg(N) + OH = C4Hz(N) + H20 6.0000E+03 2.00 -0.25 [72]
685 CsHg(N) + O = C4H7(N) + OH 3.0000E+05 1.28 -4.51 [72]
686 | C4Hg(N) + O = CsHy(N) + CHO 5.0000E+05 | 1.28 -4.51 [72]
687 CsHg(N) + H = C4H7(N) + H» 1.7200E+11 0.00 88.47 [72]
688 CsHg(N) + H = CzHs + CHs 1.7200E+10 0.00 32.06 [72]
689 CsHg(N) + CHs = C4H7(N) + CHg4 4.4200E-03 3.50 73.49 [72]
690 C4Hg(N) + CHO = C4Hz(N) + CH20O 3.3000E+08 0.00 80.98 [72]
691 C4Hs(N) + CyHs = C4H7(N) + CzH4 1.0000E+10 0.00 109.92 [72]
692 | C4Hg(N) + CsHs(A) = CsH7(N) + CsHe 7.9400E+08 | 0.00 | 140.77 [72]
693 | C4Hg(N) + CsHs(S) = CaH7(N) + CsHe 7.9400E+08 | 0.00 | 140.77 [72]
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694 | C4Hg(N) + C3Hs(T) = CsH7(N) + CsHs 7.9400E+80 | 0.00 | 140.77 [72]
695 | C4Hg(S) + O = C4H#(S) + HO; 1.4400E+10 | 0.00 | 250.21 [72]
696 | C4Hg(S) + HO; = C4H#(S) + H.0; 3.0000E+08 | 0.00 | 148.37 [72]
697 | C4Hs(S) = C4H:(S) + H 3.9800E+15 | 0.00 | 356.05 [13]
698 | C4Hsg(S) = CsHs(S) + CHs 3.1600E+17 | 0.00 | 415.45 [13]
699 | C4Hg(S) + OH = C4H7(S) + H20 6.0000E+03 | 2.00 -0.25 [72]
700 | C4Hg(S) + O = C4H7(S) + OH 3.0000E+05 | 1.28 -4.51 [72]
701 | C4Hg(S) + O = CsHy(l) + CHO 5.0000E+05 | 1.28 -4.51 [72]
702 | C4Hg(S) + H = C4H7(S) + H2 1.7200E+11 | 0.00 88.47 [72]
703 | C4Hg(S) + H = CsHg  + CHs 1.7200E+10 | 0.00 32.06 [72]
704 | C4Hg(S) + CHs = C4Hy(S) + CH4 4.4200E-03 3.50 73.49 [72]
705 | C4Hg(S) + CHO = C4H«(S) + CH,O 3.3000E+08 | 0.00 80.98 [72]
706 | C4Hg(S) + CoHz = C4H7(S) + CzHa 1.0000E+10 | 0.00 | 109.92 [72]
707 | C4Hg(S) + CsHs(A) = CsH7(S) + CsHs 7.9400E+08 | 0.00 | 140.77 [72]
708 | C4Hg(S) + C3Hs(S) = CaH7(S) + CsHs 7.9400E+08 | 0.00 | 140.77 [72]
709 | C4Hg(S) + CsHs(T) = C4H#(S) + CaHs 7.9400E+08 | 0.00 | 140.77 [72]
210 | CaHs(S) = CsHs  + CHz™ ko= | 2.6700E+10 | 1.06 | 129.47 [189]
ko= | 2.3000E+60 | -14.30 | 153.80
711 | C4Ho(S) = C4Hg(S) + H 3.1600E+12 | 0.00 | 154.38 [13]
712 | C4Ho(S) = C4Hg(N) + H 1.5800E+13 | 0.00 | 165.67 [13]
713 | C4Ho(S) + O = C4Hg(N) + HO; 5.1100E+07 | 0.00 0.00 [190]
714 | C4Ho(S) + O = C4Hg(S) + HO; 7.8000E+07 | 0.00 0.00 [190]
715 | C4Ho(S) + OH = C4Hg(N) + H,O 1.8000E+10 | 0.00 0.00 [72]
716 | C4Ho(S) + OH = C4Hg(S) + H.0 1.8000E+10 | 0.00 0.00 [72]
717 | C4Ho(S) + H = C4Hg(N) + Ha 5.4000E+09 | 0.00 0.00 [72]
718 | C4Ho(S) + H = C4Hg(S) + Hz 5.4000E+09 | 0.00 0.00 [72]
719 | C4Ho(S) + O = C4Hg(N) + OH 4.1600E+11 | 0.00 0.00 [72]
720 | C4Ho(S) + O = C4Hg(S) + OH 4.1600E+11 | 0.00 0.00 [72]
721 | C4Ho(S) + CHs = C4Hg(N) + CHq 1.2600E+10 | 0.00 -2.49 [72]
722 | C4Ho(S) + CHs = C4Hs(S) + CHa 1.2600E+10 | 0.00 -2.49 [72]
723 | CaHo(l) = CsHe  + CHs 2.0000E+13 | 0.00 | 125.31 [72]
724 | CqHo(l) = C4Hg(l) + H 1.9100E+29 | -5.24 | 166.34 [72]
725 | C4Ho(l) + O = C4Hg(l) + HO 2.4000E+07 | 0.00 0.00 [72]
726 | C4Ho(l) + HO, = CsHy(I) + CH,O + OH 2.4100E+10 | 0.00 0.00 [72]
727 | C4Ho(T) = CsHg(l) + H 2.9000E+51 | -11.53 | 220.16 [173]
728 | C4Ho(T) + CHz00 = ACsHeO + CHs + CHsO | 1.3000E+10 | 0.00 0.00 [147]
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729 C4Ho(T) = CsHs + CHs3 3.0000E+14 0.00 193.71 [173]
730 C4Ho(T) + O2 = C4Hg(l) + HO: 4.8000E+08 0.00 0.00 [173]
731 C4Ho(T) + HO: = AC3HeO + CHsz + OH 1.8000E+10 0.00 0.00 [173]
732 C4Hyo(T) + OH = C4Hg(l) + H2O 1.8000E+10 0.00 0.00 [173]
733 CiHo(T) + H = C4Hg(l) + H2 5.4000E+09 0.00 0.00 [173]
734 CiHo(T) + O = C4Hg(l) + OH 4.1600E+11 0.00 0.00 [173]
735 C4Ho(T) + O = AC3HeO + CH3 1.0400E+11 0.00 0.00 [173]
736 C4Ho(T) + CHs = C4Hg(l) + CHgs 1.2600E+10 0.00 -2.49 [173]
737 CsHo(N) + OH = C4Hg(N) + H20 1.8000E+10 0.00 0.00 [72]
738 C4Ho(N) = CsHs + CHs 1.2600E+12 0.00 113.38 [191]
739 | C4Ho(N) = C4Hg(N) + H 1.0000E+14 | 0.00 | 160.24 [13]
740 CsHo(N) + Oy = C4Hg(N) + HO» 2.7000E+08 0.00 0.00 [190]
741 CsHo(N) + H = C4Hg(N) + H 5.4000E+09 0.00 0.00 [72]
742 CsHo(N) + O = C4Hg(N) + OH 4.1600E+11 0.00 0.00 [72]
743 CsHo(N) + CHs = C4Hg(N) + CHa 1.2600E+10 0.00 -2.49 [72]
744 CaH1o(1) = CsHs(I) + CHs 1.1000E+26 -2.61 377.98 [192]
745 CsHio(l) + H = C4Ho(I) + H2 1.8100E+03 2.54 28.26 [192]
746 CsHio(l) + H = C4Ho(T) + H> 6.0200E+02 2.40 10.80 [192]
747 CsHio(l) + OH = C4Ho(l) + H20 2.2900E+05 1.53 3.24 [192]
748 CsHio(l) + OH = C4Ho(T) + H20 5.7300E+07 0.51 0.26 [192]
749 CsHio(l) + O = C4Ho(l) + OH 4.2800E+02 2.50 15.24 [192]
750 CsHipo(l) + O = C4Ho(T) + OH 1.5600E+02 2.50 4.65 [192]
751 CsH1o(l) + HO, = CaHo(l) + H202 3.0100E+01 2.55 64.85 [192]
752 CsHio(l) + HO2, = C4Ho(T) + H20; 3.6100E+00 2.55 44.06 [192]
753 CiHio(N) = CsHo(N) + H 1.5800E+16 0.00 410.00 [13]
754 CiHio(N) = C4Ho(S) + H 1.0000E+16 0.00 397.46 [13]
755 CiHio(N) = CsH7(N) + CHs 1.0000E+17 0.00 354.37 [13]
756 CsHio(N) + H = C4Ho(N) + H> 5.6200E+04 2.00 32.21 [193]
757 CsHio(N) + H = C4Ho(S) + H2 2.0000E+11 0.00 34.90 [194]
758 CsHio(N) + OH = C4Ho(N) + HO 4.1300E+04 1.73 3.15 [194]
759 C4Hio(N) + OH = C4Ho(S) + H20 2.5700E+06 1.25 2.92 [2]
760 C4H1o(N) + O = C4Ho(N) + OH 3.0000E+10 0.00 24.00 [194]
761 | C4H1o(N) + O = C4Ho(S) + OH 5.2000E+10 | 0.00 18.60 [194]
762 CsHio(N) + HO2 = C4Ho(N) + H20; 1.1200E+10 0.00 81.16 [193]
763 CsHio(N) + HO2 = C4Ho(S) + H20, 5.0000E+08 0.00 43.92 [195]
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764 | C4Hio(N) + O = CqHo(N) + HO, 2.5100E+10 | 0.00 205.00 [126]
765 | CaHio(N) + O2 = C4Ho(S) + HO; 3.9800E+10 | 0.00 | 199.00 [126]
766 CHO +OH =C)H, + CO + CO +H | 1.0000E+12 0.00 0.00 [73]
767 C4H4O = C3H4(P) + CO 1.7800E+15 0.00 324.25 [133]
768 C4H4O = C;H,O + CzH2 5.0100E+14 0.00 324.25 [133]
769 XC4HsO = C3Hs5(S) + CO 1.0000E+14 0.00 125.60 [182]
770 YC4Hs0 = CzHs(A) + CO 1.0000E+14 0.00 104.67 [182]
771 AC4HsO = BC4HeO 1.3500E+14 0.00 211.70 [133]
772 | AC4HeO = CH:CO + CyH3 1.0000E+16 0.00 284.51 [133]
773 BC4HsO = CsHs + CO 1.0900E+16 0.00 305.43 [73]
774 BC4HsO = C4Hs5(T) + OH 5.3000E+12 0.00 203.05 [72]
775 BC4HsO = C4H/O + H; 5.3000E+13 0.00 203.05 [75]
776 | C4H/OM)+ M = CzHy(I) + CO + M 8.6400E+12 | 0.00 60.25 [173]
777 | C4HgO(X) = C4HsO(M) 4.0000E+13 | 0.00 239.32 [173]
778 | C4HsO(X) = CgHy(l) + CHO 6.0000E+13 | 0.00 | 239.32 [173]
779 C4HsO(M) = CsH7(I) + CHO 2.4400E+16 0.00 351.99 [173]
780 CsHgO(M) + O, = C4H/O(M) + HO; 3.0100E+10 0.00 163.79 [173]
781 CsHsO(M) + HO, = C4H/O(M) + H202 3.0100E+09 0.00 49.88 [173]
782 | C4HsO(M) + OH = C4H;0(M) + H,0 3.3700E+09 | 0.00 257 [173]
783 | C4HsO(M)+ O = C4H,O(M) + OH 5.0000E+09 | 0.00 7.49 [173]
784 | C4HsO(M)+ H = C4H,0(M) + Ha 4.0000E+10 | 0.00 17.60 [173]
785 C4HgOH(l) + O, = 02C4H O 3.2500E+23 -4.68 17.96 [173]
786 0,C4HO = AC3HsO + CH,O+ OH 1.0000E+16 0.00 104.60 [173]
787 CsH + O = C4H + CO 6.8000E+10 0.00 0.00 [133]
788 CsH + OH = C4H2 + CO 6.8000E+10 0.00 0.00 [133]
789 CsH + O3 = C3H + CO + CO 3.2900E+18 -3.30 12.00 [133]
790 CsH, + H = CsH + H 1.0000E+11 0.00 0.00 [133]
791 CsH, + OH = C4H, + CHO 1.0000E+10 0.00 0.00 [133]
792 | CsHs(L) + H = CsHa(L) 1.0000E+10 | 0.00 0.00 [73]
793 CsHs(L) + H = CsHz + Hy 1.0000E+10 0.00 0.00 [73]
794 | CsHs(L) + O = C4Hs(l) + CO 1.0000E+11 | 0.00 0.00 [73]
795 | CsHs(L) + CH(S) = CeHsL + H 7.0000E+10 | 0.00 0.00 [133]
796 | CsHs(L) + CHo(T) = CeHsL + H 7.0000E+10 | 0.00 0.00 [133]
797 CsHs(L) + OH = CsH, + H0 1.0000E+10 0.00 0.00 [73]
798 | CsHa(L) + H = CsHa(L) + H2 1.0000E+10 | 0.00 0.00 [73]
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799 | CsHa(L)+ CH = CeHal + H 8.0000E+10 | 0.00 0.00 [133]
800 | CsHa(L)+ OH = CsHa(L) + H20 1.0000E+10 | 0.00 83.68 (73]
801 | CsHs + CHz = CsHiCHz+ H 2.0000E+10 | 0.00 26.00 [62]
802 | CsHs + CsHs(A) = CgHo(F) + H 2.0000E+10 | 0.00 42.30 [72]
803 | CsHs + CsHs = CigHioK 1.0000E+10 | 0.00 0.00 [112]
804 | CsHs + O = CsHsO + O 9.5100E+01 | 1.80 | 218.53 [15]
805 | CsHs + CoH, = CyHy 3.7200E+08 | 0.00 34.72 [91]
806 | CsHs = CiHs + CaHp 3.1500E+13 | 0.075 | 260.66 | Adj.[52]
807 |[CsHs + O = C4Hs(T) + CO 2.1260E+53 | -12.56 | 89.96 [15]
808 |[CsHs + O = CsHsO 2.1260E+53 | -12.56 | 89.96 [15]
809 | CsHs + OH = CsH4OH + H 2.2370E+60 | -14.75 | 102.01 [15]
810 | CsHs + CioH7OH = CsHs + CioH:0 2.6700E+11 | 0.00 | 105.62 [75]
811 | CsHs + HO = CsHsO + OH 6.2480E+62 | -16.16 | 82.82 [15]
812 | CsHs + O = CsHs00 2.2580E+09 | -1.52 5.07 [15]
813 | CsHs + CsHs = CioHoF + H 2.0000E+10 | 0.00 34.00 [61]
814 |[CsHs + O = CsHO + H 2.1260E+53 | -12.56 | 89.96 [15]
815 | CsHs + OH = CsHsOH 2.2370E+60 | -14.75 | 102.01 [15]
816 | CsHs + OH = CsHsO + H 1.3250E+45 | -9.27 | 517.43 [15]
817 | CsHs + HO = CsH4O + H0 6.2480E+62 | -16.16 | 82.82 [15]
818 | CsHs + OH = C4He(T) + CO 2.2370E+60 | -14.75 | 102.02 [15]
819 | CsHs = CsHs(L) 1.0740E+38 | -7.49 | 307.55 [15]
820 | CsHs(L) = CsHs + CoHe 3.3140E+42 | -9.46 | 148.23 [15]
821 | CsHs(L)+ H = CsHal) + Ha 1.0000E+10 | 0.00 0.00 (73]
822 | CsHs(L)+ O = C4Hs(l) + CO 1.0000E+11 | 0.00 0.00 (73]
823 | CsHs(L)+ OH = CsHa(L) + H,O 1.0000E+10 | 0.00 0.00 (73]
824 | CsHs(L) + O = CsHz3 + CHO + CHO | 1.0000E+09 | 0.00 | 155.00 (73]
825 | CsHs(L) + H = CsHe(L) 1.0000E+10 | 0.00 0.00 (73]
826 | CsHs + H = CsHs + He 3.4970E+04 | 1856 | 18.74 [15]
827 |[CsHs + O = CsHs + OH 1.8100E+10 | 0.00 12.87 (73]
828 | CsHs + OH = CsHs  + H.0 1.1430E+06 | 1.18 -1.87 [72]
829 | CsHs + HO = CsHs + H20; 2.0000E+09 | 0.00 48.78 (73]
830 | CsHs = CsHe(L) 1.0000E+14 | 0.00 | 235.00 (73]
831 | CsHs + CsHs = CgHg + CHs 3.0000E+13 | 0.00 | 177.10 [41]
832 | CsHs =CHs +H®Y 1.0000E+19 | -0.65 | 368.19 [52]
833 [CsHg + CHs = CsHs + CHa 1.0000E+10 | 0.00 58.57 [131]
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834 | CsHe(L) + H = CsHs(L) + Ha 1.0000E+09 | 0.00 0.00 [73]
835 | CsHs(L)+ O = C3HO + CoHs + 2.0000E+10 | 0.00 | 126.00 [73]
836 | CsHs(L) + OH = CsHs(L) + H,0 1.0000E+10 | 0.00 0.00 [73]
837 | CsHy = CsHs + H 3.1600E+15 | 0.00 | 185.40 [62]
838 | CsH; + H = CsHs + He 3.6000E+09 | 0.00 0.00 [196]
839 | CsH; + OH = CsHs + H20 2.4000E+10 | 0.00 0.00 [196]
840 | CsH; + O = CsHs + OH 1.0000E+10 | 0.00 0.00 [196]
841 | CsH; + O = CsHg + HO, 1.3000E+08 | 0.00 0.00 P{,\‘jff;“
842 | CsHy = C3H4(A) + CoHs 3.1600E+14 | 0.00 | 327.00 [128]
843 | CsH; + O2 = CsHsO + CH,CHO 4.0000E+07 | 0.00 20.92 [128]
844 | CsH; + HO2 = CsHs + H20; 2.6500E+09 | 0.00 0.00 [128]
845 |[CsHg + O = CsH; + OH 2.7800E+08 | 0.00 10.49 [128]
846 | CsHg + O = CsH; + HO; 1.2800E+08 | 0.00 | 104.60 [128]
847 | CsHs + HO2 = CsH7 + H202 1.6000E+08 0.00 71.37 [128]
848 | CsHg + O = C3H4O + CoHa 5.6000E+09 | 0.00 -1.79 [197]
849 | CsHg + H = CsH; + He 2.8000E+09 | 0.00 9.45 [62]
850 | CsHg + OH = CsHy + H.0 3.4300E+06 | 1.18 -1.87 [62]
851 | CsHg(l) + HO, = CsHy(l) + H20; 2.0000E+02 | 2.60 58.19 [173]
852 | CsHg(l) + OH = CsHy(l) + H20 2.0000E+04 | 2.00 20.92 [173]
853 | CsHo(A) = CsHg(l) + H 1.2000E+08 | 2.50 | 188.28 [173]
854 | CsHg(A) + O2 = CsHg(l) + HO; 1.0000E+08 | 0.00 | 154.80 [173]
855 | CsHo(A) + HO; = CsHg(l) + H20 1.0000E+09 | 0.00 0.00 [173]
856 | CsHo(A) + OH = CsHg(l) + H20 1.8000E+10 | 0.00 0.00 [173]
857 | CsHo(A) + O = CsHg(l) + OH 1.8000E+10 | 0.00 0.00 [173]
858 | CsHg(A) + H = CsHg(l) + Hy 3.6000E+09 | 0.00 0.00 [173]
859 | CsHg(A) + CHz = CsHg(l) + CHg 1.0000E+10 | 0.00 0.00 [173]
860 | CsHg(A) + CaHz(l) = CsHg(l) + CaHs(l) 4.0000E+10 | 0.00 0.00 [173]
861 | CsHo(B) = CsHg(l) + H 1.2000E+08 | 2.50 | 188.28 [173]
862 | CsHe(B) + O, = CsHg(l) + HO: 1.0000E+08 | 0.00 | 154.80 [173]
863 | CsHo(B) + HO; = CsHg(l) + H.0 1.0000E+09 | 0.00 0.00 [173]
864 | CsHg(B) + OH = CsHg(l) + H20 1.8000E+10 | 0.00 0.00 [173]
865 | CsHg(B) + O = CsHg(l) + OH 1.8000E+10 | 0.00 0.00 [173]
866 | CsHg(B) + H = CsHg(l) + Hy 3.6000E+09 | 0.00 0.00 [173]
867 | CsHo(B) + CHs = CsHg(l) + CHa 1.0000E+10 | 0.00 0.00 [173]
868 | CsHg(B) + CaHs(I) = CsHa(l) + CaHs(l) 4.0000E+10 | 0.00 0.00 [173]
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869 | CsHio(A)+ H = CgHs + CoHs 1.7000E+09 0.00 12.13 [173]
870 | CsHig(A)+ CHs = CoHs + CoHs + CoHs 1.7000E+08 0.00 30.96 [173]
871 | CsHio(A) CsHio(B) 3.5000E+12 0.00 251.04 [173]
872 | CsHio(A) CsHs(T) + CoHs 3.3000E+21 | -1.20 | 408.86 [173]
873 | CsHio(A) CsHo(A) + H 4.0700E+18 | -1.00 | 407.31 [173]
874 | CsHig(A) + O CsHo(A) + HO; 4.0000E+09 0.00 167.36 [173]
875 | CsHio(A) + HO2 = CsHo(A) + H20: 1.0000E+08 0.00 71.37 [173]
876 | CsHio(A) + OH CsHs(A) + H20 6.2700E+03 2.00 -2.27 [173]
877 | CsHio(A) + O CsHo(A) + OH 1.3000E+09 0.00 18.82 [173]
878 | CsHio(A) + H CsHo(A) + Ho 1.9500E+10 0.00 18.59 [173]
879 | CsHio(A) + CHs = CsHg(A) + CHa 1.0000E+08 0.00 30.54 [173]
880 | CsHio(B) CsHo(A) + H 2.1300E+47 | -9.30 | 437.44 [173]
881 | CsHio(B) CsHe(B) + H 1.0600E+47 | -9.30 | 437.44 [173]
882 | CsHi(B) + O2 CsHs(A) + HO; 4.8000E+09 0.00 161.21 [173]
883 | CsHi(B) + O2 CsHe(B) + HO; 2.4000E+09 0.00 161.21 [173]
884 | CsHio(B) + HO2 = CsHo(A) + H20, 3.0000E+08 0.00 59.37 [173]
885 | CsHio(B) + HO2 = CsHo(B) + H20. 1.5000E+08 0.00 59.37 [173]
886 | CsHio(B) + OH CsHo(A) + H20 9.0000E+03 2.00 -0.25 [173]
887 | CsHio(B) + OH CsHe(B) + H20 3.0000E+03 2.00 -0.25 [173]
888 | CsHio(B) + OH CoHaO  + C3Hi(l) 2.0000E+07 0.00 16.37 [173]
889 | CsHi(B) + O = CsHo(A) + OH 3.5000E+08 0.70 24.61 [173]
890 | CsHio(B) + O = CsHo(B) + OH 1.7500E+08 0.70 24.61 [173]
891 | CsHio(B) + O = CoHsO + CsHs 7.2300E+02 2.34 -4.39 [173]
892 | CsHio(B) + H = CsHg(A) + Ha 1.2900E+10 0.00 18.59 [173]
893 | CsHio(B) + H = CsHg(B) + Ha 6.4500E+09 0.00 18.59 [173]
894 | CsHio(B) + CHs = CsHg(A) + CHq 3.2000E+08 0.00 36.81 [173]
895 | CsHio(B) + CHs = CsHg(B) + CHq 1.6000E+08 0.00 36.81 [173]
896 | CsHyy(T) = CsHio(A) + H 1.6000E+13 0.00 150.62 [173]
897 | CsHuy(T) = CsHio(B) + H 5.3000E+12 0.00 138.07 [173]
898 | CsHyuy(T)+ O2 = CsHio(A) + HO, 2.0000E+09 0.00 20.92 [173]
899 | CsHu(T)+ O = CsHi1o(B) + HO: 4.0000E+08 0.00 20.92 [173]
900 | CsH4O = CHs + CO 2.5000E+11 0.00 221.90 | Adj.[128]
901 | CsH O + O = C4Hs + CO; 1.0000E+10 0.00 8.37 [91]
902 | CsH O + H = C4Hs(T) + CO 9.4730E+10 0.00 23.40 [75]
903 | CsH4O = CsH,O + CyH» 1.0000E+15 0.00 326.57 [72]
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904 CsHsO = C4Hs5(T) + CO 6.5420E+60 -14.09 281.43 [15]
905 CsHsO = CsHO + H 7.5040E+13 -1.45 25.81 [15]
906 CsH4OH = CsHO + H 2.2880E+63 -15.10 245.37 [15]
907 CsHsOH = CsHsOH + H 4.7250E+56 -12.18 402.90 [15]
908 CsHsOH = CsHsO + H 1.7580E+43 -7.84 509.36 [15]
909 CsHsO0 = CsH,O + OH 1.3200E+51 -11.54 221.57 [15]
910 CsHs00 = CsHsO + O 6.6940E+61 -14.02 344.67 [15]
911 CeH2 + CoH =CgH, + H 1.2000E+11 0.00 0.00 [73]
912 CeH2 + CoH, =CgH, + H + 1.5000E+11 0.00 234.50 [73]
913 CeHsz + H = CgH2, + H2 1.0000E+11 0.00 0.00 [73]
914 CeHs + O = C¢H, + OH 2.0000E+10 0.00 0.00 [73]
915 CeHs + OH = C¢H2 + H0 2.0000E+10 0.00 0.00 [73]
916 CeHas = CeHaL 1.0000E+12 0.00 138.07 [73]
917 CeHaL + = CeHzs + H2 1.0000E+11 0.00 0.00 [73]
918 CeHsL + O = CeHz + OH 2.0000E+10 0.00 0.00 [73]
919 CeH4L + OH = CgHs + H0 2.0000E+10 0.00 0.00 [73]
920 CeHs + CoHs = CgHg + H 2.5100E+09 0.00 25.93 [198]
921 CeéHs + C4H3(N) = CqoHgJ 1.0000E+10 0.00 0.00 [61]
922 CsHs + Cu4Hs(T) = CioHoM + H 1.0000E+10 0.00 0.00 [61]
923 CeéHs + CzHs = CgHg(S) 1.0000E+10 0.00 0.00 [61]
924 CeéHs + CzHs = CgHg(T) 1.0000E+10 0.00 0.00 [61]
925 | C¢Hs + CsHa(A) = CoHo(l) 1.0000E+10 | 0.00 0.00 [61]
926 CeHs = CeHs(B) 4.0000E+13 0.00 303.40 [73]
927 CeHs =CgHs + H 3.0000E+13 0.00 372.36 [73]
928 CeéHs + H = CeHs + H 1.5000E+11 0.00 0.00 [73]
929 CeéHs + H = CsHe 7.8300E+10 0.00 0.00 [101]
930 CeéHs + O = CeHs + OH 2.0000E+10 0.00 0.00 [73]
931 CéHs + OH = Ce¢Hs + H20 2.0000E+10 0.00 0.00 [73]
932 CéHs + HO; = CgHsO + OH 5.0000E+10 0.00 4.18 [73]
933 CeéHs + CzH3 = CgHs 5.0000E+09 0.00 0.00 [112]
934 CeéHs + O = CHsO + O 2.6000E+10 0.00 25.61 [105]
935 CeéHs + Oo = CeHs00 3.0800E+09 -0.15 0.66 [75]
936 CeéHs + CoH2 = CgHy 2.6000E+09 0.00 42.30 [61]
937 CeHs + CoH2 =CgHs + H 1.8000E+13 -0.62 73.00 [79]
938 CeéHs + CuH4 = CioHoB 2.8000E+10 0.00 42.30 [61]
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939 CeéHs + CgHs = Ci2H1o 3.1600E+09 0.00 0.00 [112]
940 CeHs + CsHa = C1oHsG + H 2.8000E+09 0.00 42.30 [61]
941 CeéHs + C4Ha = CioHsJ + H 2.8000E+09 0.00 42.30 [61]
942 | CeHs + CsHs(A) = CoHo(l) + H 1.0000E+10 | 0.00 0.00 [61]
943 | CgHs(A) = CeHsl + H 6.0000E+11 | 0.00 | 188.00 [73]
944 | CeHs(A) + H = CeHal + Hs 1.0000E+11 | 0.00 0.00 (73]
945 CeéHs(A) + O = CeHsL + OH 2.0000E+10 0.00 0.00 [73]
946 CsHs(A) + OH = CeHsL + H20 2.0000E+10 0.00 0.00 [73]
947 CsHs(B) = CeHsL + H 2.5900E+58 -13.8 208.00 [73]
948 CeHs(B) + H = CeHaL + H2 1.0000E+11 0.00 0.00 [73]
949 CeHs(B) + O = CgHsL + OH 2.0000E+10 0.00 0.00 [73]
950 CeHs(B) + OH = CgHsL + H20 2.0000E+10 0.00 0.00 [73]
951 | CgHs(B) = CgHs(A) 1.0000E+11 | 0.00 0.00 [73]
952 | CgHs(B) = C4Hs(l) + CoH 5.0000E+14 | 0.00 | 159.00 [73]
953 CeéHs + CoHs =CgHs + H 7.4900E+08 0.00 26.77 [61]
954 CeéHs + CeHs = CipHio + H 2.0000E+09 0.00 16.72 [112]
955 CeéHse + CHx(S) =CsH;, + H 4.0000E+10 0.00 36.33 [72]
956 CéHs + H = C¢Hs + H: 2.5000E+11 0.00 66.94 [73]
957 CéHse + O = CeHsO + H 2.4000E+10 0.00 19.53 [91]
958 CéHe + O = CeéHs + OH 2.0000E+10 0.00 61.52 [73]
959 CséHe + OH = CeHs + H20 1.6300E+05 1.42 6.10 [73]
960 CéHs + OH = Ce¢HsOH + H 1.3200E+10 0.00 44.31 [73]
961 CéHs + H = CgH7 4.0000E+10 0.00 18.04 [73]
962 CéHs + O3 = C¢Hs + HO: 6.3000E+10 0.00 251.04 [73]
963 CeéHe + HO2 = CeHs + H202 1.5200E+08 0.00 71.40 [128]
964 CeéHe + CHs = CeHs + CHa 4.3650E-07 5.00 51.49 [73]
965 | CsHs(A) = CgHes(S) 5.4000E+11 | 0.00 | 149.66 [73]
966 | CsHs(A) = CeHs(A) + H 1.4000E+15 | 0.00 | 326.60 [73]
967 | CsHs(A) + H = CeHs(A) + Ha 1.0000E+11 | 0.00 0.00 [73]
968 | CeHs(A) + O = CeHs(A) + OH 2.0000E+10 | 0.00 0.00 [73]
969 | CeHs(A) + OH = CgHs(A) + H,0 2.0000E+10 | 0.00 0.00 [73]
970 | CsHe(B) = CgHe(F) 5.0000E+11 | 0.00 | 144.00 [73]
971 | CsHe(B) = CgHe(D) 1.0000E+12 | 0.00 | 224.00 [73]
972 | CsHe(B) = CeHs(A) + H 7.0000E+14 | 0.00 | 326.60 [73]
973 | CsHe(B) + H = CeHs(A) + Ha 1.0000E+11 | 0.00 0.00 [73]
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974 | CeHe(B) + O = CgHs(A) + OH 2.0000E+10 | 0.00 0.00 [73]
975 | CeHe(B) + OH = CgHs(A) + H,0 2.0000E+10 | 0.00 0.00 [73]
976 CsHes(D) = CsHe 5.0000E+11 0.00 200.00 [73]
977 | CsHe(D) + H = CeHs(B) + Ha 1.0000E+11 | 0.00 46.00 [73]
978 | CsHe(D) + O = CeHs(B) + OH 2.0000E+10 | 0.00 0.00 [73]
979 | CeHs(D)+ OH = CeHs(B) + H.O 2.0000E+10 | 0.00 12.60 [73]
980 CsHes(F) + M =CeHe + M 3.0000E+09 0.500 8.37 [78]
981 | CeHe(F) = CgHe(D) 1.0000E+13 | 0.00 | 342.00 [73]
982 CsHs(F) = CeHs 7.5800E+13 0.00 309.00 [73]
983 | CeHs(M) = CeHs(F) 4.2600E+13 | 0.00 | 206.00 [73]
984 | CsHe(S) = CgHs(M) 5.0000E+11 | 0.00 92.00 [73]
985 | CsHe(S) = CgHe(F) 5.0000E+11 | 0.00 | 132.40 [73]
986 CeH7 = CgHr(L) 3.0000E+14 0.00 209.20 [73]
987 CsH4CH3 = CgHs(F)+ H 1.0000E+14 0.00 217.00 [62]
988 CeHs = CeéHe + H 1.0000E+06 0.00 0.00 [133]
989 CeHs = Ce¢H; + H 5.0100E+15 0.00 303.74 [133]
990 CsHsCH3 = CHs + CsHs 1.5200E+84 -20.29 437.22 [199]
991 CsHsCHz + CHz = CHs + H + CgHs 4.4200E-03 3.50 23.76 [199]
992 CeHsO + O = CeH4O2 + H 3.0000E+10 0.00 0.00 [91]
993 CsHsO + OH = CsHsO0OH 1.0000E+09 0.00 0.00 [91]
994 CsHsO = CsHs + CO 4.5000E+11 0.00 126.68 [73]
995 CeHsO + H = CeHsOH 2.5000E+11 0.00 0.00 [91]
996 CeHsO + HOz = CgHsOH + O 1.2500E+10 0.00 0.00 [75]
997 CeHs02, + H = CyH, + CoH,+CO+CO 1.0000E+11 0.00 0.00 [91]
998 CeH:0, + O = CH, + C,HO+CO+CO | 1.0000E+11 0.00 0.00 [91]
999 CesH303 = CH, + CoHO+CO+CO 1.0000E+12 0.00 209.00 [91]
1000 | CeH402 = CsH4sO + CO 3.7000E+11 0.00 247.00 [91]
1001 | CeHsO> + H = CsHsO + CO 2.5000E+10 0.00 19.67 [91]
1002 | CeHsO> + H = CgH3O, + Hz 2.0000E+09 0.00 33.90 [91]
1003 | CeHsO> + OH = CgH302 + H20 1.0000E+03 2.00 16.74 [91]
1004 | CeH4O2 + O = CeHz03 + H 1.5000E+10 0.00 18.96 [91]
1005 | CeH4O2 + O = CeHz02 + OH 1.4000E+10 0.00 61.55 [91]
1006 | CeHs00 = CHsO + O 4.2700E+15 -0.70 138.27 [91]
1007 | CeHsOO + H = CgHsOOH 2.5000E+11 0.00 0.00 [91]
1008 | CeHs00O + CeHsOH = CgHsOOH + CgHsO 3.1600E+08 0.00 29.14 [91]
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1009 | CeHs00 + HO» = CeHsO0OH + O 1.8700E+09 0.00 6.44 [91]
1010 | CeHs00 = CeHsO2 + H 4.0000E+08 0.00 0.00 [91]
1011 | CeHs00 = CsHs + CO; 1.6000E+08 0.00 0.00 [91]
1012 | CeHsOH + CsHs = CeHsO + CsHg 2.6700E+11 0.00 105.59 [54]
1013 | CeHsOH + H = CeHsO + H: 1.1500E+11 0.00 51.92 [200]
1014 | C¢HsOH + O = CgHsO + OH 2.8100E+10 0.00 30.78 [200]
1015 | CeéHsOH + OH = CeHsO + H20 6.0000E+09 0.00 0.00 [128]
1016 | Ce¢HsOH + C7H7 = CeHsO + CsHg 1.0500E+08 0.00 39.76 [55]
1017 | CeHsOH = CsHs + CO 1.0000E+12 0.00 254.00 [171]
1018 | CeHsOH + HO» = CeHsO + H20, 3.0000E+10 0.00 62.76 [91]
1019 | C/Hs + OH = CsH, O + CyH2 2.0000E+10 0.00 0.00 [75]
1020 [ C/Hs + O = CsH,O + CoH 2.0000E+10 0.00 0.00 [75]
1021 | CsHs + O2 = CsHO + CyHO 1.0800E+05 1.50 125.94 [75]
1022 | C:Hs + O = CsHa(L) + CzHO 2.0000E+10 0.00 0.00 [75]
1023 | C/He + H = CsHs + CoH2 2.0000E+10 0.00 20.00 [201]
1024 | C/He + H = CyqHa + CsHs 6.0000E+10 0.00 61.92 [201]
1025 | C/He + H = C7Hs + H; 2.8000E+10 0.00 9.45 [75]
1026 | C/Hs + O = C7Hs + OH 1.8100E+10 0.00 12.87 [75]
1027 | C;He + OH = C7Hs + H2O 1.1433E+06 1.18 -1.87 [75]
1028 | CsHs + HO2 = C7Hs + H20. 2.0000E+09 0.00 48.78 [75]
1029 | C/He + O = CgHs(F) + CO 1.5550E+03 2.09 6.53 [75]
1030 [ C/Hs + O = CsHs + C2HO 2.3320E+03 2.09 6.53 [75]
1031 | C7Hs = CsHa(L) + CoH> 1.0000E+14 0.00 294.00 | Est.(1160)
1032 | CeHsC + O = CgHs + CO 1.5800E+10 0.00 0.00 [75]
1033 | CeHsC + O = CeHsCO + O 2.9700E+10 0.00 0.00 [75]
1034 | CeHsC + CHa = CgHs + 2.3700E+10 0.00 0.00 [75]
1035 | CeHsC + CHs = CgHy + H 1.8900E+10 0.00 0.00 [75]
1036 | CeHsC + H20 = C/H;O 2.2700E+09 0.00 -3.15 [75]
1037 | CeHsCH + OH =CHsO + H 1.1400E+10 0.00 0.00 [75]
1038 | CeHsCH + OH = CegHsC + H0 4.4810E+03 2.00 12.56 [75]
1039 | CeHsCH + CHy(T) = CgHs 1.0000E+10 0.00 0.00 [75]
1040 | CeHsCH + CH2(S) = CgHs 1.0000E+10 0.00 0.00 [75]
1041 | CeéHsCH + CH3 = CgHs + H 1.0000E+10 0.00 0.00 [75]
1042 | CeHsCH + CHa = CgHog + H 1.0000E+10 0.00 0.00 [75]
1043 | CeHsCH + CzH3 = CogHsCH, + H 1.0000E+10 0.00 0.00 [75]
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1044 | CeHsCH + CyHa = CgoHg(T) 3.3333E+09 | 0.00 0.00 [75]
1045 | CeHsCH + HO; =C/H;  + O 1.0000E+10 | 0.00 0.00 [75]
1046 | CéHsCH + CsH; = CgHg  + CgHs 1.0000E+10 | 0.00 0.00 [75]
1047 | CeHsCH + O3 = CéHs + CO2 5.3300E+10 | -3.30 12.00 [75]
1048 | CeHsCH + O3 = CHO + O 8.0000E+18 | -3.30 12.00 [75]
1049 | CeHsCH + H = C/Hy 1.0000E+11 | 0.00 0.00 [75]
1050 | CeHsCH + = CeHsC  + H» 4.3620E+10 | 0.00 0.00 [75]
1051 | CeHsCH + O = C7HgO 1.0000E+10 | 0.00 0.00 [75]
1052 | C/H; + H = CeHsCH + Hs 6.0300E+10 | 0.00 63.20 [200]
1053 | CH; + OH = C/HO + H 4.5920E+09 | -0.23 | 58.28 [75]
1054 | C/Hy = C/HiL 3.1600E+15 | 0.00 | 356.67 [201]
1055 | CsH; + CHs = CgHy + H 3.5000E+09 | 0.10 44.36 [75]
1056 | C/H; + CqH7 = CisHia 5.0100E+09 | 0.00 1.89 [90]
1057 | C/H; + O = CeHs + CHO 3.5000E+10 | 0.00 0.00 [202]
1058 | C/H;, + O = C/HO + H 3.5000E+10 | 0.00 0.00 [202]
1059 | C/H; + CoHs = CoHs + 1.0000E+09 | 0.00 20.92 [74]
1060 | C/H; + O =CHO + O 8.6400E+10 | 0.00 | 131.36 [75]
1061 | CHr + Oz = C/H;00° ko= | 1.3400E+06 | 1.10 0.00 [75)

ko= | 5.3100E+19 | -3.30 0.00

1062 | C/H; + CHy(S) = CgHg + H 2.4000E+11 | 0.00 0.00 [72]
1063 | C/;H; + CHs = CgHio 1.4600E+10 | 0.00 0.00 [61]
1064 | C/H; + HO = C;H,0 + OH 1.0000E+10 | 0.00 0.00 [72]
1065 | C/H; + CaHs = CioHio 3.0000E+10 | 0.00 0.00 [112]
1066 | CsH; + CHx(T) = CgHg + H 7.0000E+10 | 0.00 37.50 [72]
1067 | C/H; + CoHo = CgHg(P) 1.0000E+09 | 0.00 20.92 [61]
1068 | C/Hy = C/Hs + H 8.2000E+14 | 0.00 | 337.52 [90]
1069 | C/H; = C4Hs + CsH3 2.0000E+14 | 0.00 | 349.78 [28]
1070 | C/H.L = C/Hs + H 5.0000E+15 | 0.00 | 165.00 [28]
1071 | C/H.L = CsHs + CzHs 2.0000E+15 | 0.00 | 349.78 [28]
1072 | C/H/P + CsHs = CioHioF 3.0000E+10 | 0.00 0.00 [61]
1073 | C/H/P + CiHa = CoHo(F) 1.0000E+09 | 0.00 20.92 [61]
1074 | C/HP = C4Hs(N) + CsHa(P) 2.5000E+14 | 0.00 | 408.00 [112]
1075 | C/H,P = CH, + CoHp +CsHs | 2.5000E+14 | 0.00 | 347.00 [85]
1076 | CHP  + O2 = 0O0C;H:P 3.8000E+09 | -0.15 0.66 [72]
1077 | CHP  + O2 = OC/H; + O 2.6000E+10 | 0.00 25.61 [72]
1078 | CHs = CH; + H 2.0900E+15 | 0.00 | 366.14 [90]
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1079 | C7Hs = CeHs + CHs 2.6600E+16 0.00 409.52 [90]
1080 | CsHs + H = CH; + H2 1.2600E+12 0.00 61.99 [90]
1081 | C/Hs + H = Ce¢Hs + CHs 5.7800E+10 0.00 33.84 [90]
1082 | C/Hs + H = C/H/P + Hz 2.5000E+11 0.00 66.94 [72]
1083 | C/Hg + OH = C/H; + H0O 5.1900E+06 1.00 3.65 [101]
1084 | C/Hg + OH = C/H/,O + Hz 2.2900E+09 0.00 35.00 [75]
1085 | C;Hs + OH = HOC/H; + H 2.2900E+09 0.00 -1.49 [112]
1086 | C;Hs + OH = C/H,OH + H 6.6000E+09 0.00 44.31 [112]
1087 | CsHs + O2 = C/H; + HO; 1.8100E+09 0.00 166.28 [101]
1088 | C/Hs + CeHs = CeHs + C7H7 2.1000E+10 0.00 18.42 [203]
1089 | C/Hg + CHs = CHs + CsHy 3.1600E+09 0.00 0.00 [90]
1090 | C/Hg + CHs = C/H/P + CHs 1.0000E+10 0.00 66.94 [112]
1091 [ C;Hs + O = OCH; + H 3.1000E+10 0.00 16.62 [118]
1092 | C;Hs + O = CsH; + OH 6.3000E+08 0.00 0.00 [118]
1093 [ C/Hs + O = CH O + H 1.5500E+10 0.00 16.62 [112]
1094 | C/Hs + O = C7HsOA 3.1000E+09 0.00 16.62 [118]
1095 [ C/Hs + O = C/HP + OH 1.8400E+10 0.00 61.52 [75]
1096 | C/Hs + CoH3 = C/H; + CoHs 3.9800E+09 0.00 33.47 [112]
1097 | CsHg + CsHs(A) = C/H7; + CgzHs 5.0000E+09 0.00 58.57 [112]
1098 | CsHs + HO2 = C/H; + H20: 3.9750E+08 0.00 58.86 [178]
1099 | CsHs + HO» = C/H/P + H20. 5.4800E+09 0.00 120.55 [178]
1100 | C/Hg + OH = C/H/P + H0O 1.5000E+05 1.42 6.10 [75]
1101 | C;HO + O = Ce¢Hs + CO2 2.0000E+10 0.00 0.00 [75]
1102 | C7HeO = CHsCO + H 3.9800E+15 0.00 350.19 [204]
1103 | CsHeO + Oo = CeHsCO + HO: 1.0200E+10 0.00 163.04 [55]
1104 | C;H¢eO + OH = CsHsCO + H0 1.7100E+06 1.18 -1.87 [55]
1105 | CsHeO + H = CeHsCO + H> 5.0000E+10 0.00 20.62 [55]
1106 | C7HeO + = C¢Hs¢ + CHO 6.3000E+04 1.62 9.06 [55]
1107 | CsHeO + O = Ce¢HsCO + OH 9.0400E+09 0.00 12.89 [55]
1108 | C/HeO + HO2 = CgHsCO + H202 1.9900E+09 0.00 48.80 [112]
1109 | CsHeO + CHs = CeHsCO + CHa 2.7700E+00 2.81 24.16 [55]
1110 | CsHeO + CeHs = CeHsCO + CeHs 7.0100E+08 0.00 18.41 [55]
1111 | CsH/O = CsHs + CHO 2.5000E+12 0.00 135.00 [75]
1112 | CyHO + H = C/HeO + H: 3.0000E+10 0.00 0.00 [112]
1113 | C/H/O + H = CyH;OH 2.5300E+11 0.00 0.00 [112]
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1114 | C;H/,O0 + O = C/HeO + OH 4.2000E+10 0.00 0.00 [112]
1115 | C;H,O0 + OH = C/HeO + H20 2.4000E+10 0.00 0.00 [112]
1116 | CsH/O + O2 = C/HeO + HO; 1.0000E+10 0.00 21.00 [112]
1117 | C/H;O = C/HeO + H 3.0000E+12 0.00 68.00 [75]
1118 | C/H/,O0 + M =C/H O + H + M 2.5000E+08 0.00 0.00 [118]
1119 | OC/H; + H = HOC/H; 2.5000E+11 0.00 0.00 [55]
1120 | OC7Hy = CsH4CHz+ CO 2.5100E+11 0.00 189.00 [72]
1121 | OC7H7 + H20 = HOCs/H; + OH 6.8800E+09 0.36 136.18 [55]
1122 | HOC/H;+ CsH; = OCsH; + CyHs 1.0500E+08 0.00 39.76 [55]
1123 | HOC/H7+ H = OC/H7 + Hz 1.1500E+11 0.00 51.90 [205]
1124 | HOC/H; + H = CgHsOH + CHs; 1.2000E+10 0.00 21.55 [55]
1125 | C/H/,OH+ O2 = C/HeO + HO, + H 2.0000E+11 0.00 173.30 [55]
1126 | C;H/,OH+ OH = C/H,O + H20 5.0000E+09 0.00 0.00 [88]
1127 | C;H/OH+ H = C/H/0 + H2 8.0000E+10 0.00 34.45 [75]
1128 | C;H/,OH+ H = CeHe + CHOH 1.2000E+10 0.00 21.55 [55]
1129 | CH/OH+ GCgHs = C/HeO + CeHs + H 1.4000E+09 0.00 18.41 [55]
1130 | C;H;00 = C/HeO + OH 1.0000E+10 0.00 121.00 [112]
1131 | C7H;00 =CH,O + O 7.8300E+16 0.00 244.78 | Est.(1006)
1132 | OOC7H/P = 0C/H; + O 4.2700E+15 -0.70 138.27 [75]
1133 | OOC7H/P = CsH4CHz + CO 1.5060E+08 0.00 0.00 [75]
1134 | CeHsCO = CeHs + CO 3.9800E+14 0.00 123.00 [206]
1135 | CeHsCO+ H = C¢Hs + CO 3.0000E+10 0.00 0.00 [207]
1136 | C7HsOA = C¢HsO + CHs 2.0000E+15 0.00 266.09 [208]
1137 | C;HgOA+ H = CgHsOH + CHs 7.0800E+09 0.00 22.54 [208]
1138 | C;HsOA+ O = C7H,O0A + OH 1.6700E+10 0.00 12.29 [209]
1139 | C;HsOA+ OH = C7H/0A + H0 1.2000E+09 0.00 -2.09 [210]
1140 | CsHsOA+ CHz = C;H/OA + CHs 5.0100E+08 0.00 43.92 [211]
1141 | C;H;0A = C/HeO + H 3.1600E+12 0.00 87.85 [211]
1142 | CgHs + H = CgHs 2.0000E+11 0.00 0.00 [75]
1143 | CgHs + CzH2 = CyoH7L 4.0000E+10 0.00 42.30 [76]
1144 | CgHs + O = CgHs00 1.6490E+10 -0.15 0.66 [75]
1145 | CgHs + O = CgHsO + O 2.2700E+10 0.00 25.61 [75]
1146 | CgHs(S)+ H = CgHs 1.8100E+11 0.00 0.00 [112]
1147 | CgH5(S) + O3 = CsHs + CHO + CO | 1.8800E+09 0.00 31.25 [112]
1148 | CgHs5(S) + CoH2 = CyoH/M 4.0000E+10 0.00 42.30 [76]
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1149 | CgHe + H = CgHs + Hp 2.5000E+11 0.00 66.94 [119]
1150 | CgHe + H = CgHs(S) + H: 3.0150E+10 0.00 116.40 [112]
1151 | CgHe + O = CeHsC:0+ H 2.1900E+03 2.09 6.53 [75]
1152 | CgHs + OH = CgHs + CHO 2.4400E+00 3.02 46.34 [112]
1153 | CgHs + OH = C/H; + CO 6.1000E+00 3.02 46.34 [112]
1154 | CgHs + OH = CgHs + H0 2.1000E+10 0.00 19.10 [76]
1155 | CgHe + OH = CgHs(S) + H:0 1.6850E+04 2.00 58.57 [112]
1156 | CgHe + CHx(S) = CoHs(S) 1.2000E+10 0.00 0.00 [112]
1157 | CgHg + CHx(T) = CoHg(T) 1.2000E+10 0.00 0.00 [112]
1158 | CgHe + CHs = CgHg(S) + H 4.0000E+16 | -2.08 | 132.18 [112]
1159 | CgHe + CHs = CoHg(T) + H 1.6000E+15 | -1.96 86.16 [112]
1160 | CgHs = CgHs + CoHa 1.0000E+14 0.00 398.70 [75]
1161 | CgHe + O = CeHsCH + CO 1.4600E+03 2.09 6.53 [212]
1162 | CgHe + O = CgHsO + H 2.4000E+10 0.00 19.53 [75]
1163 | CgHe + O = CeHs + CHO 6.5100E+03 2.09 6.54 [61]
1164 | CgHs + O = CgHs + OH 2.0000E+10 0.00 61.52 [75]
1165 | CgHs + OH = C,H + CgHsOH 3.3700E+04 2.00 58.57 [75]
1166 | CgHs + OH = CoH,O + CeHs 3.7500E+03 1.70 4.18 [75]
1167 | CgHs + HO; = CoHO + CgHsO 6.0000E+06 0.00 33.52 [75]
1168 | CgHs + HO; = CgHs + H0 1.0000E+09 0.00 101.00 [75]
1169 | CgHs + M = CgHsCHC + M 1.3400E+12 | -0.64 | 207.00 [75]
1170 | CgHs + CHx(T) = CgHs 7.0000E+10 0.00 0.00 Adj.(560)
1171 | CgHs + O = CeHsO + CoH 2.2000E+10 0.00 18.95 est.
1172 | CeHsCHC + O3 = CeHsCH + CO; 2.6800E+10 0.00 0.00 [75]
1173 | CeHsCHC + H = CgHy 1.0750E+11 0.00 0.00 [75]
1174 | CgH; + M =CgHs + H+M 2.0000E+14 0.00 166.28 [112]
1175 | CgH; + H = CgHs + H2 9.6400E+10 0.00 0.00 [112]
1176 | CgH; + H = CgHs 1.2000E+11 0.00 0.00 [112]
1177 | CgH; + OH = CgHs + H20 2.0000E+10 0.00 0.00 [112]
1178 | CgH; + OH = CgHs + CHsCO 3.0000E+10 0.00 0.00 [112]
1179 | CgH; + = CeHs + CoH:0 3.0000E+10 0.00 0.00 [112]
1180 | CgH; + = C/H; + CO 3.0000E+10 0.00 0.00 [112]
1181 | CgH; + O = CgHs + HO; 8.4900E+10 | -0.83 10.63 [75]
1182 | CgH; + O = C/HsO + CHO 8.3900E+17 | -2.78 10.56 [75]
1183 | CgH; + O = C¢Hs + C,HO+ O | 2.5000E+09 0.06 43.97 [75]
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1184 | CgH; + CoH: = CioHoA 4.0000E+10 0.00 42.30 [112]
1185 | CgH7 + HO2 = CgHs + H202 2.0000E+10 0.00 0.00 [75]
1186 | CgH; + HO2 =CH; + CO+OH 3.0000E+10 0.00 0.00 [75]
1187 | CgHy = CgHs + H 1.3000E+41 | -8.65 46.10 [119]
1188 | CgH+(P) + = CgHs 7.8300E+10 0.00 0.00 [112]
1189 | CgH+(P) + = C;H,P + CO 3.0000E+10 0.00 0.00 [112]
1190 | CgH7(P) + = CgHsO + CzH2 3.0000E+10 0.00 0.00 [112]
1191 | CgH7(P)+ OH = CeHsO + CzHs 3.0000E+10 0.00 0.00 [112]
1192 | CgH7(P)+ C2oH: = CioHoP 1.0000E+10 0.00 20.92 | Est.(1073)
1193 [ CgHs + H = CgH; + H2 6.6200E+02 2.53 51.21 [112]
1194 | CgHg + H = CgHs(P) + Ha 2.7000E+10 0.00 40.58 [112]
1195 | CgHs + OH = CgH; + H20 7.8500E+00 2.75 17.46 [112]
1196 | CgHs + OH = CgH7(P) + H20 2.1000E+10 0.00 19.10 [112]
1197 | CgHs + OH = C/H; + CH0 3.0000E+10 0.00 0.00 [112]
1198 | CgHs + O = C/H; + CHO 4.2020E+03 1.88 0.76 [72]
1199 | CgHs + O = C¢Hs + CHsCO 2.5000E+03 1.88 0.76 [75]
1200 | CgHs + O = C¢Hg + CzH:0 3.3000E+02 1.88 0.76 [75]
1201 | CgHs + O = CgH; + OH 7.5500E+03 1.91 15.63 [61]
1202 | CgHg = CgHg + H 3.1600E+13 0.00 211.99 [86]
1203 | CgHg = CsHs + CzHa 8.9100E+12 0.00 303.75 [112]
1204 | CgHo(F) = CgHs + H 3.0000E+13 0.00 172.40 [61]
1205 | CgHio = CgHg + H 2.5000E+15 0.00 339.99 [86]
1206 | CgHo + H = CgHg + H2 1.2600E-01 3.44 13.05 [112]
1207 | CgHio + = CeHs + CoHs 1.2000E+10 0.00 21.33 [116]
1208 | CgHip + O = CgHg + OH 2.2000E+09 0.00 15.89 [112]
1209 | CgHip + OH = CgHy + H20O 5.0000E+08 0.00 0.00 [101]
1210 | CgHip + HO2 = CgHgy + H202 2.6500E+08 0.00 47.21 [178]
1211 | CgHio + CeHs = CgHy + CeHs 5.0000E+08 0.00 0.00 [112]
1212 | CgHsO = C/Hs + CO 4.0100E+11 0.00 183.68 [75]
1213 | CgHs00 = CgHsO + O 3.8060E+14 | -0.70 | 138.20 [75]
1214 | CgHsOO = C/Hs + CO2 1.7825E+07 0.00 0.00 [75]
1215 | CegHsC2O0 + O3 = CegHsCO + CO2 1.1839E+10 0.00 0.00 [75]
1216 | CeHsC2O0 + O3 =C¢Hs + CO +CO2 | 1.0000E+10 0.00 0.00 [75]
1217 | CeHsC0+ O = C¢HsO + CO +CO | 1.0000E+10 0.00 0.00 [75]
1218 | CoH/L + O = C¢Hs + CyH, + CO | 8.2000E+10 0.00 0.00 [112]
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1219 | CoH/L + OH = Ce¢Hs + CyH, +CHO | 3.5000E+10 0.00 26.00 [112]
1220 | CgH/L + O3 = Ce¢Hs + C,HO + CHO | 1.7000E+07 0.00 12.00 [112]
1221 | CgH; + CHs = CoH7CHs 2.0000E+10 0.00 0.00 [131]
1222 | CoH; + H = CoHg 2.0000E+11 0.00 0.00 [75]
1223 | CoH; + O = CgH/(P) + CO 4.5000E+10 0.00 0.00 [75]
1224 | CH; + O = CgH; + CO 1.0000E+11 0.00 0.00 [112]
1225 | CgH; + O = CoHeO + H 5.8100E+10 | -0.02 0.08 [75]
1226 | CgH; + OH = CgH«(P) + CHO 1.0000E+11 0.00 97.00 [75]
1227 | CeH; + O = CoH;O 7.5000E+09 0.00 0.00 [130]
1228 | CoH; + HO» = CgH/0 + OH 8.5770E+65 | -16.69 | 101.78 [70]
1229 | CoH; + HO» = CoHgO + H20 1.9600E+30 | -6.14 | 228.50 [70]
1230 | CgH; + O2 = CyHeO + OH 1.9325E+12 | -0.73 | 203.92 [75]
1231 | CoH; + O = CoH/0 + O 1.9325E+12 | -0.73 | 203.92 [75]
1232 | CoH; + O = C/H;, + CO+ CO 1.7420E+09 0.31 123.10 [70]
1233 | CoH; + O = CeHsO + C3H.0 1.8760E+10 | -0.05 | 124.68 [70]
1234 | CgH; + O2 = C/HO + CHO 1.7420E+09 0.31 123.10 [70]
1235 | CoH; + CH2(S) = CioHeT 1.0000E+11 0.00 0.00 [112]
1236 | CoHg + CHs = CoH; + CHy 7.5400E+09 0.00 58.57 [131]
1237 | CoHg + H = CoH; + H» 2.1120E+10 0.00 9.45 [75]
1238 | CgHs + O = CgH; + OH 1.3650E+10 0.00 12.87 [75]
1239 | CgHs + HO: = CoH; + H0 1.5086E+09 0.00 48.78 [75]
1240 | CoHg + OH = CgH; + H20 8.6230E+05 1.18 -1.87 [75]
1241 | CoHg(S)+ H = CoH/L + Hy 1.2000E+11 0.00 62.84 [112]
1242 | CoHg(S)+ O = CgH; + CHO 6.5000E-06 4.61 -17.80 [112]
1243 | CgHg(S) + OH = CoHsL + H20 5.9000E+08 0.00 6.27 [112]
1244 | CoHg(T) + H = CoH/L + H» 1.2000E+11 0.00 62.84 [112]
1245 | CgHg(T)+ O = CgHs + CO 1.3690E+03 2.09 6.53 [112]
1246 | CgHg(T) + OH = CgHg + CHO 3.0000E-07 4.50 -4.19 [112]
1247 | CgHg(T) + OH = CoHiL + H20 1.8000E+00 3.00 0.83 [112]
1248 | CoHo(S) = CoHs + H 1.0000E+13 0.00 137.00 [112]
1249 | CgHo(l) = CoHg(T)+ H 1.0000E+13 0.00 150.00 [112]
1250 | CgHs(l) = CoHg(N) 1.0000E+13 0.00 17.00 [112]
1251 | CgHo(l) = CoHg(S) + H 1.0000E+13 0.00 138.00 [112]
1252 | CgHg(N) = CgHo(S) 1.0000E+10 0.00 0.00 [112]
1253 | CgHg(C) = CgHo(P) 1.0000E+14 0.00 334.00 [112]
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1254 | CgHg(C) = CgHs + H 1.0000E+13 0.00 90.00 [112]
1255 | CgHg(P) = CoHg(T)+ H 1.0000E+13 0.00 137.00 [112]
1256 | CgHo(F) = CyHy(S) 1.0000E+09 0.00 0.00 [112]
1257 | CgHeO = CgHg + CO 1.8825E+11 0.00 183.68 [112]
1258 | CgHsO = CO + CyHz, + CgHs | 1.0000E+15 0.00 326.57 [112]
1259 | CgHsO + O = CgHs + CO: 1.0000E+10 0.00 8.37 [112]
1260 | CoHeO + H = CgH; + CO 1.2500E+10 0.00 19.67 [112]
1261 | CoHeO + H = CgHs(P) + CO 1.2500E+10 0.00 16.67 [112]
1262 | CoH,O = CoHeO + H 2.0000E+14 0.00 242.00 [112]
1263 | CgH;O = CgH; + CO 2.0000E+14 0.00 155.00 [130]
1264 | CyoH7L = CyoH7 1.0000E+10 0.00 0.00 [61]
1265 | CyioH7L = CioHe + H 1.0000E+13 0.00 138.00 [75]
1266 | CioH/L + H = CioHe + H2 1.0000E+10 0.00 0.00 [112]
1267 | CioH/L + H = CioHsL 1.0000E+11 0.00 0.00 [112]
1268 | CioH/L + OH = CioHe + H20 1.0000E+10 0.00 0.00 [112]
1269 | CioH/M = CyoH7 1.6600E+11 0.00 68.41 [112]
1270 | CioH/M = CioHe + H 1.0000E+13 0.00 141.00 [112]
1271 | CioH7 + H = CioHs 1.1300E+10 0.00 0.00 [75]
1272 | CioH7 + O2 = C;o0HO + O 2.1500E+10 0.00 25.61 [75]
1273 | CioH7 + O2 = C1o0H,00 2.5000E+09 -0.15 0.66 [75]
1274 | CioH7 + HO» = CyoH;O + OH 4.0700E+10 0.00 4.18 [75]
1275 | CioH7 + H2 = CoHs + H 4.4400E+01 2.43 26.29 Est.[196]
1276 | CioH7 + OH = CoH/O + H 5.0000E+10 0.00 0.00 [112]
1277 | CioH7 + CoHa = 1CyoHio+ H 2.0160E+09 0.00 25.93 Est.(920)
1278 | CioH7 + CoH2 = ACpoHg + H 3.5700E+21 -3.17 62.20 [200]
1279 | CioHs + CoHs = 1CyoHio+ H 7.9400E+08 0.00 26.70 [75]
1280 | CioHs + HO» = CyoH7 + H202 1.2160E+08 0.00 71.70 [75]
1281 | CioHs + O = Ci0H/O + H 2.5000E+10 0.00 19.54 [75]
1282 | CioHg + O = CyoH; + OH 2.0000E+10 0.00 61.52 [75]
1283 | CioHs + OH = CyoH7 + H2O 1.7000E+05 1.42 6.07 [75]
1284 | CioHs + OH = CioHOH+ H 1.0300E+10 0.00 44.31 [75]
1285 | CioHs + H = CioHgT 4.0000E+10 0.00 18.04 [112]
1286 | CioHs + H = CioHo 4.0000E+10 0.00 18.04 [112]
1287 | CioHs + O3 = CyoH7 + HO2 5.0400E+10 0.00 251.04 [75]
1288 | CioHs + CHs = CpoH; + CHq4 4.3600E-07 5.00 51.49 Adj.(964)
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1289 | CioHsL + H = CioH/L + H2 1.0000E+10 0.00 24.00 [112]
1290 | CioHsL + OH = CypoH/L + H20 1.0000E+10 0.00 0.00 [112]
1291 | CioHsK = CioHs 8.5100E+12 0.00 263.00 [112]
1292 | CgHsCH2 = CyoHs 8.0000E+13 0.00 305.60 [131]
1293 | CioHsG + H = CioHoT 2.0000E+11 0.00 0.00 [61]
1294 | CioHgd + H = CioHoT 2.0000E+11 0.00 0.00 [61]
1295 | CioHg + O2 = CeHs + C4HsO + O | 1.6000E+09 0.00 31.25 [112]
1296 | CioHg = CioHoA 3.0000E+14 0.00 209.20 [112]
1297 | CioHoA = CioHsL + H 1.0000E+13 0.00 146.00 [112]
1298 | CioHoP = CyoHoT 1.0000E+10 0.00 0.00 [112]
1299 | CioHoP = CioHsL + H 1.0000E+13 0.00 135.00 [112]
1300 | CioHoB = CyoHoL 1.0000E+13 0.00 36.00 [61]
1301 | CioHoB = CioHgL + H 1.0000E+13 0.00 166.00 [112]
1302 | CioHgL = CioHgM 1.0000E+10 0.00 0.00 [112]
1303 | CioHgM = CioHoT 1.0000E+10 0.00 0.00 [112]
1304 | CioHoD = CyoHog 1.0000E+10 0.00 0.00 [112]
1305 | CioHoD = CioHsL + H 1.0000E+13 0.00 70.00 [112]
1306 | CioHoE = CyoHoT 1.0000E+10 0.00 0.00 [112]
1307 | CioHoE = CioHsL + H 1.0000E+13 0.00 90.00 [112]
1308 | CioHgF = CioHs + H 3.0000E+13 0.00 197.00 [112]
1309 | CoHeCH3 = CogHeCH2 + H 5.0000E+14 0.00 213.50 [131]
1310 | CioHoK = CioHsK + H 1.0000E+13 0.00 210.40 [112]
1311 | CioHeT + O2 = CeHs + CsHsO + O | 1.6000E+09 0.00 31.25 [112]
1312 | CioH1oF = CioHoE + H 1.0000E+13 0.00 459.00 [112]
1313 | CioHioF + H = CioHoE + H2 1.0000E+10 0.00 23.00 [112]
1314 | CioHioF+ O = CioHeE + OH 1.0000E+10 0.00 31.00 [112]
1315 | CioHioF + OH = CioHoE + H20 1.0000E+10 0.00 0.00 [112]
1316 | CioH10K = CioHoK + H 1.0000E+13 0.00 266.00 [112]
1317 | CioHioK+ H = CioHoK + H> 1.0000E+11 0.00 0.00 [112]
1318 | CioH1oK+ O = CyoHoK + H2O 1.0000E+11 0.00 0.00 [112]
1319 | CioH10K+ O = CyoHoeK + OH 1.0000E+11 0.00 000 [112]
1320 | CioH1o = CioHoD + H 1.0000E+13 0.00 459.00 [112]
1321 | CioH10o + H = CioHeD + H> 1.0000E+10 0.00 24.00 [112]
1322 | CioHio + O = CyoHosD + OH 1.0000E+10 0.00 31.00 [112]
1323 | CioHio + OH = CyoHosD + H20O 1.0000E+10 0.00 0.00 [112]
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1324 | CoH7CH3 = CoHeCHz + H 5.0000E+15 0.00 314.00 [131]
1325 | C1oH/O + O = C10HeO2+ H 3.0000E+10 0.00 0.00 [75]
1326 | CioH/O = CH; + CO 1.8000E+11 0.00 183.68 [75]
1327 | C10HO + H = CyoH;OH 2.5000E+11 0.00 0.00 [75]
1328 | CioH6O2 = CogHeO + CO 2.9600E+11 0.00 247.00 [75]
1329 | C10HeO2+ H = CgH,O + CO 2.5000E+10 0.00 19.67 [75]
1330 | C10H/00 = CioH;,O0 + O 3.5300E+15 -0.70 138.27 [75]
1331 | C10H;00 = C1oHeO2 + H 2.2720E+08 0.00 0.00 [75]
1332 | C10H;00 = CgH; + CO2 2.2720E+08 0.00 0.00 [75]
1333 | CioH/OH+ H = C1o0H/O + H3z 9.0000E+10 0.00 51.88 [75]
1334 | C;oH/OH+ O = CyoH;O + OH 2.2300E+10 0.00 30.76 [75]
1335 | C1o0H/OH+ OH = Cy0H/O + H20O 4.8000E+09 0.00 0.00 [75]
1336 | CioH7OH = CgHs + CO 4.0350E+11 0.00 254.00 [75]
1337 | CioH/OH+ HO2 = Cy;0H/0O + H20O; 2.4490E+10 0.00 62.80 [75]
1338 | CioH/OH+ O = C1oH;O + HO: 8.0000E+09 0.00 159.00 [75]
1339 | CiiHe + CH3 = CppHuu + H 2.4500E+07 0.100 44.36 [75]
1340 | Ciu1Hy + OH = C11HO + H 3.2100E+09 -0.23 58.28 [75]
1341 | CuHe + = Cy1HsO + H 2.8000E+10 0.00 0.00 [75]
1342 | CiaHg + = CioHg + CHO 2.8000E+10 0.00 0.00 [75]
1343 | CuuHg + O = C1uHO + O 6.6000E+10 0.00 131.36 [75]
1344 | CiyHg + O = C11HsO + OH 4.1827E+03 0.20 0.00 [75]
1345 | Ciu1Hy + HO; = C11HO + OH 4.0000E+09 0.00 0.00 [75]
1346 | CiiHe + CH3 = CioHzo 7.3000E+08 0.00 0.00 [72]
1347 | Ci1Hg = CgoH; + CyH2 8.0000E+09 0.00 186.60 Adj.[28]
1348 | Cii1HoP = C3Hz + CgHs 1.0000E+14 0.00 298.17 [75]
1349 | CiiHoP = CgHs + CsHa(P) 2.0000E+14 0.00 408.00 [75]
1350 | CiiHoP + O2 = OCyHg + O 1.9575E+10 0.00 25.61 [75]
1351 | CuiHoP + O = O0C11HqP 2.5000E+09 -0.15 0.66 [75]
1352 | CuiHoP + H» = CyHio + H 4.4400E+01 2.43 26.29 [75]
1353 | CuHoP + H = Ci1Hio 7.8300E+10 0.00 0.00 [75]
1354 | CiiHio + O = CuHeP + HO: 5.0400E+10 0.00 251.00 [75]
1355 | CiiHio + O = CuiHeP + OH 2.0000E+10 0.00 61.52 [75]
1356 | CiiHio = CioH7 + CHs 7.1280E+12 0.00 303.76 [75]
1357 | CiiHip + OH = Cy1HoP + H2O 1.7000E+05 1.42 6.07 [75]
1358 | CiiHio = CuHg + H 4.4800E+15 0.00 381.30 [75]
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1359 | CuHip + O = CuHo + HO; 1.2670E+09 | 0.00 | 166.28 [75]
1360 | CyiHip + OH = CuHo + H20 4.1520E+06 | 1.00 3.66 [75]
1361 | CiiHio H = CuHo + H: 1.6860E+11 0.00 61.99 Adj.[90]
1362 | CiiHio = CipoHs + CHas 7.7356E+09 0.00 33.84 Adj.[90]
1363 | CuHip + O = CuHo + OH 5.0400E+08 | 0.00 0.00 [75]
1364 | CuHio + HO = CuHe + H0, 3.1800E+08 | 0.00 58.76 [75]
1365 | CiiHio CHs = CiuuHo + CHq4 1.5000E-10 6.00 25.26 Adj.[90]
1366 | CiHip + CioHy = CuHo + CioHsg 1.6800E+09 | 0.00 18.42 [75]
1367 | CuHio + HO = CuHoP + H20; 4.3840E+09 | 0.00 | 120.55 [75]
1368 | CyHio + OH = CuHoO + Hy 1.7760E+09 | 0.00 35.00 [75]
1369 | CyyHio + OH = HOCuHe + H 1.8320E+09 | 0.00 -1.49 [75]
1370 | CuHio + CHs = CHs + CuHeP 1.0000E+10 | 0.00 66.94 P\ﬁzﬁft
1371 | CyHio + OH = CuH100 + H 5.2800E+09 | 0.00 44.31 [75]
1372 | CiiHio = CuHoO + H 1.2420E+10 | 0.00 16.62 [75]
1373 | CiiHio = OCyHe + H 2.4000E+10 | 0.00 16.54 [75]
1374 | CyiHio = ACy;H100 2.1700E+08 | 0.00 16.62 [75]
1375 | CyH;0 = CwHs + CO 3.1840E+14 | 0.00 | 123.06 [75]
1376 | CH,0 + H = CypHs + CO 2.4000E+10 | 0.00 0.00 [75]
1377 | C1iHgO = CuH/O0 + H 3.1840E+14 | 0.00 | 350.20 | Adj.[204]
1378 | CiHsO + O, = CuH/0 + HO; 8.1600E+09 | 0.00 | 163.05 [75]
1379 | CiiHsO + OH = CuH/0 + H0 1.3680E+06 | 1.18 -1.87 [75]
1380 | CiyHsO + H = CuH/O + Hy 4.0000E+10 | 0.00 20.63 [75]
1381 | CyiHsO = CipHs + CHO 5.0000E+04 | 1.62 9.06 [75]
1382 | CiHsO + O = CuH/O + OH 7.2320E+09 | 0.00 12.89 [75]
1383 | CiiHgO + HO, = CyH/O + H.0; 1.6000E+09 | 0.00 48.81 [75]
1384 | C;iHgO + CHs = CuH/0 + CH, 2.2160E+00 | 2.81 24.17 [75]
1385 | CiiHgO + CioH; = CiH/O + CioHg 5.6080E+08 | 0.00 18.42 [75]
1386 | CiiHsO + O = CypHs + CO 1.6000E+10 | 0.00 0.00 [75]
1387 | Ci1HeO = CiHg + CHO 4.0000E+12 | 0.00 79.00 [75]
1388 | Cy1HeO = CyH; + CH,0 2.0000E+13 | 0.00 | 135.39 [75]
1389 | CiiHoO + M = CuHsO + H +M | 2.0000E+08 | 0.00 0.00 [75]
1390 | CiiHeO + H = CuHsO + Hy 2.4000E+10 | 0.00 0.00 [75]
1391 | CiiHeO + O = CyHgO + OH 3.3600E+10 | 0.00 0.00 [75]
1392 | C;3HeO + OH = CuHsO + H20 1.9200E+10 | 0.00 0.00 [75]
1393 | CiHeO + O, = CuHsO + HO: 8.0000E+09 | 0.00 21.00 [75]
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1394 | C11HeO + H = C11H100 2.0240E+11 0.00 0.00 [75]
1395 | AC11HO = C11HsO + H 2.5280E+12 0.00 87.86 [75]
1396 | OCiiHg + H = HOC11Ho 2.0000E+11 0.00 0.00 [75]
1397 | OCiiHe + H20 = HOC11Hg + OH 5.5040E+09 0.36 136.25 [75]
1398 | OCi1Hg = CioHg + CO 1.0080E-11 0.00 129.56 [72]
1399 | OCi1Hg = CgHsCHz; + CO 3.3750E+11 0.00 183.74 [75]
1400 | OOCi1HgP = CoHeCHz+ CO; 1.2048E+08 0.00 0.00 [75]
1401 | OOCi1HgP = OCuHg + O 1.0000E+10 0.00 0.00 [72]
1402 | C11HsOO = C11HsO + OH 8.0000E+09 0.00 121.00 [75]
1403 | HOCiiHg+ H = OCyiHg + H2 9.2000E+10 0.00 51.91 [75]
1404 | HOCiuiHo+ H = C10H/OH + CHs 9.6000E+09 0.00 21.55 [75]
1405 | C1iH100+ H = CypoHs + CH.OH 9.0000E+07 0.00 21.55 Adj.[55]
1406 | AC11H100 = C1o0HO + CHs 1.6000E+15 0.00 266.10 [75]
1407 | AC11H100+ H = C10H7OH + CHs 5.6640E+09 0.00 22.55 [75]
1408 | AC11H100+ O = AC11HsO + OH 1.3360E+10 0.00 12.30 [75]
1409 | AC11H100 + OH = AC11HsO + H20 9.6000E+08 0.00 -2.10 [75]
1410 | AC11H100 + CHs = AC11HsO + CHa4 4.0080E+08 0.00 43.92 [75]
1411 | C1iH10O + H = CuHyO + H» 5.6000E+10 0.00 34.00 [75]
1412 | C11H100 + O = C11HO + OH 4.0000E+09 0.00 8.00 [72]
1413 | C11H100 + OH = C11HsO + H20 4.0000E+09 0.00 0.00 [72]
1414 | C11H100 + O3 = C1yHgO + HO2 + H 1.4000E+10 0.00 173.30 [75]
1415 | C11H100 + HO2 = C11HO + H202 3.0000E+10 0.00 69.60 [72]
1416 | 1CioHypo + OH = Cy1Hg + CH2O 3.3750E+03 1.88 0.76 [75]
1417 | 1CioHio + O = CuuHg + CHO 3.3750E+03 1.88 0.76 [75]
1418 | 1CyoHio + O = CioH7 + CH3CO 2.0080E+03 1.88 0.76 [75]
1419 | CioHi1 = 1CyoHip + H 2.5380E+13 0.00 211.99 [75]
1420 | CioHio = CioHuu + H 1.2255E+15 0.00 330.00 [75]
1421 | CipHiz + H = CpoH11 + H2 6.3000E-02 3.44 13.05 [75]
1422 | CioHix + = CioHg + CyHs 6.0000E+09 0.00 21.33 [75]
1423 | CoHi2 + O = CppHi1 + OH 1.1000E+09 0.00 15.89 [75]
1424 | CioHi2 + OH = CioHu1 + H2O 2.5000E+08 0.00 0.00 [75]
1425 | CioHiz + HO: = CoHui1 + H202 1.3250E+09 0.00 47.21 [75]
1426 | ACisH1o = PCusHio 7.4900E+09 0.00 271.90 [75]
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(unitsarekmole, m? s, K and kJ/mole)

No Reaction A n Ea Ref
1427 | CsHo = CgHs(A) + CoHq 2.5000E+13 | 0.00 | 125.52 [213]
1428 | CsHo = CHz + CsHe 2.5000E+13 | 0.00 | 125.52 [213]
1429 | CsHo = C4Hg(S) + CHs 1.0000E+14 | 0.00 | 133.89 [112]
1430 | 1CsHio = CoHs + CsHs(A) 1.0000E+16 | 0.00 | 298.80 [214]
1431 | 1CsHio = CsHe + CoHa 3.1600E+12 | 0.00 | 237.99 [214]
1432 | 1CsHyp + H = CsHg + Hy 2.8000E+10 | 0.00 16.74 [213]
1433 | 1CsHyp + O = CsHg + OH 2.5400E+02 | 2.56 -4.73 [112]
1434 | 1CsHyp + O = C4Ho(N) + CHO 1.0000E+08 | 0.00 0.00 [112]
1435 | 1CsHip + O = CsHs(N) + CHsCO 1.0000E+08 | 0.00 0.00 [112]
1436 | 1CsHi + O = C4Hg(N) + CH,O 8.5100E+09 | 0.00 0.00 [112]
1437 | 1CsHipo + O = CH3sCHO + CsHs 8.5100E+09 | 0.00 0.00 [213]
1438 | 1CsHyp + O = CgHs(S) + CoHs + OH | 2.0000E+10 | 0.00 29.30 [112]
1439 | 1CsHyp + O = CgHs + CoHs + OH | 1.0000E+10 | 0.00 29.30 [112]
1440 | 1CsHyp + OH = CsHg + H.0 6.8000E+10 | 0.00 12.80 [112]
1441 | 1CsHio + OH = C4Ho(N) + CH,O 1.0000E+08 | 0.00 0.00 [112]
1442 | 1CsHio + OH = CsH/(N) + CHsCHO 1.0000E+08 | 0.00 0.00 [112]
1443 | 1CsHio + OH = C3Hs(S) + CoHs + H,O | 2.0000E+06 | 1.20 0.50 [112]
1444 | 1CsHyp + OH = CgHs + CoHz + H,O | 1.0000E+06 | 1.20 0.50 (112]
1445 | 1CsHi + O = CsHg + HO; 4.0000E+09 | 0.00 | 167.44 | [112]
1446 | 1CsHip + CHs = CsHg + CHq 1.0000E+08 | 0.00 30.55 [112]
1447 | 1CsHn = CaHz(N) + CoHa 3.2000E+13 | 0.00 | 118.82 [112]
1448 | 1CsHn = 1CsHip + H 1.3000E+13 | 0.00 | 161.50 [112]
1449 | CeHu = CsHs + CsHs(A) 5.0400E+13 | 0.00 | 125.58 [215]
1450 | CeHu = CoHs + CaHe(T) 5.0000E+12 | 0.00 | 133.88 [215]
1451 | 1CeH12 = CsHs + CsHe 3.9800E+12 | 0.00 | 241.41 [214]
1452 | 1CeHy + H = CeHu + H» 5.0000E+09 | 0.00 14.23 [112]
1453 | 1CgH1z + O = CeHiy + OH 4.0000E+10 | 0.00 16.74 [215]
1454 | 1CeH12 + OH = CeHu + H20 2.0000E+09 | 0.00 10.88 [112]
1455 | 1CgHiz + CHz = CgHii + CHa 2.0000E+08 | 0.00 28.46 [215]
1456 | 1CgHiz + HO, = CeHu + Ho0, 1.0000E+08 | 0.00 71.41 [215]
1457 | 1CeH + O = CoHs + C4Hg(N)+ OH | 2.8200E+10 | 0.00 21.76 [215]
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1458 | 1CeH12 + O = CzHs(A)+ CsHs + OH 2.8200E+10 0.00 21.76 [215]
1459 | 1CeH2 + O = C4Hs(N) + CHs + OH 5.0100E+10 0.00 32.86 [215]
1460 | 1CeH2 + O = CHO + 1CsHi1 1.0000E+08 0.00 0.00 [215]
1461 | 1C¢H12 + O = CHs + CO + C4Ho(N) 1.0000E+08 0.00 0.00 [215]
1462 | 1CgH12 + OH = CHs + C4Hg(N)+ H.O | 2.1700E+05 1.25 2.93 [215]
1463 | 1CeH12 + OH = CsHs(A) + CsHg + HO | 2.1700E+05 1.25 2.93 [215]
1464 | 1CeHi2 + OH = C4Hs(N) + CoHs + H,O | 7.1700E+05 1.05 7.57 [215]
1465 | 1CeHi2 + OH = CH,O + 1CsHix 1.0000E+08 0.00 0.00 [215]
1466 | 1CeHi2 + OH = CH3CHO + C4Hg(N) 1.0000E+08 0.00 0.00 [215]
1467 | 1CeH12 = C3H7(N) + CsHs(A) 7.9400E+15 0.00 297.64 [214]
1468 | 1CeHis = 2CgHi3 2.0000E+11 0.00 75.76 [215]
1469 | 1CeHis = CoHs + C4Ho(N) 2.5200E+13 0.00 120.55 [213]
1470 | 2CsH13 = CzH7(N) + CsHs 1.6000E+13 0.00 118.46 [213]
1471 | C7H13 = CzHs(A) + CaHsg(N) 2.5200E+13 0.00 125.58 [215]
1472 | C7H13 = CzHa(A) + CaHo(N) 1.0000E+13 0.00 125.58 [215]
1473 | CyH13 = C4He(S) + CzH7(N) 1.0000E+13 0.00 133.95 [213]
1474 | 1C7H14 = CsHs(A) + C4Hg(N) 2.5200E+16 0.00 297.62 [215]
1475 | 1C/Hws + H = C/Hiz + H: 8.0000E+10 0.00 14.23 [215]
1476 | 1C7His + OH = CsHiz + H20 2.0000E+10 0.00 10.88 [215]
1477 | 1C7H1s + OH = CoHz + 1CsHio + H2O 1.2900E+06 1.25 2.93 [219]
1478 | 1C7His + OH = CszHs(A) + CaHg(N) + H,O | 1.2900E+06 1.25 2.93 [215]
1479 | 1C7Hus + OH = C4H7/(N) + C3Hs +H20 1.2900E+06 1.25 2.93 [215]
1480 | 1C7Hi4 + OH = CsHy + CoHs +HO0 | 4.2700E+06 1.05 7.56 [215]
1481 | 1C7Hus + CH3 = C/Hiz + CHa 2.0000E+08 0.00 28.46 [215]
1482 | 1C7H1is + HO2 = C7Hiz + H202 5.0000E+09 0.00 0.00 [219]
1483 | 1C/Hws + O = CsHiz + OH 4.0000E+10 0.00 16.74 [215]
1484 | 1C/Hwis + O = CHz + 1CsHio + OH | 2.8200E+10 0.00 21.76 [219]
1485 | 1C/Hws + O = C3Hs(A) + C4Hg(N) + OH | 2.8200E+10 0.00 21.76 [215]
1486 | 1C/Hwus + O = C4sH7(N) + CsHe + OH | 2.8200E+10 0.00 21.76 [215]
1487 | 1C/Hws + O = CsHg + CyHs + OH 5.0000E+10 0.00 32.86 [215]
1488 | 2C7H14 = C3zH7(N) + CaH7(N) 1.6000E+16 0.00 290.00 [213]
1489 | 2C7His + H = C/Hiz + H2 1.6000E+11 0.00 14.23 [215]
1490 | 2C7His + O = CsHiz + OH 8.0000E+10 0.00 16.74 [215]
1491 | 2C7Hws + O = C3Hs(T) + CsHg(N) + OH | 2.8200E+10 0.00 21.76 [215]
1492 | 2C7Hws + O = C4sH7/(N) + CsHe + OH 2.8200E+10 0.00 21.76 [215]




Appendix A 259

No Reaction A n Ea Ref
1493 | 2C7Hws + O = CsHgy + CyHs + OH 5.0000E+10 0.00 32.86 [215]
1494 | 2C7H14 + OH = C7Hiz + H20 4.0000E+10 0.00 10.88 [215]
1495 | 2C7Hi4 + OH CsHs(A) + CaHg(N) + H20 1.1600E+06 1.25 2.93 [215]
1496 | 2C7His + OH = C4H7/(N) + C3Hs +H20 1.1600E+06 1.25 2.93 [215]
1497 | 2C7Hus + OH = CsHg + CoHs +H20 4.2700E+06 1.05 7.57 [215]
1498 | 2C7His + CHs = C7Hiz + CHa 4.0000E+08 0.00 28.46 [112]
1499 | 2C7His + HO2 = C7Hiz + H202 5.0000E+09 0.00 0.00 [219]
1500 | 3C7H14 = CHs + CsHo 3.6000E+15 0.00 297.20 [215]
1501 | 3C7H14 = CeH11 + CHs 5.3000E+16 0.00 305.57 [215]
1502 | 3C7/Hus + H = C/Hiz + H2 1.6000E+11 0.00 14.23 [215]
1503 | 3C7/Hwus + O = CsHiz + OH 8.0000E+10 0.00 16.74 [215]
1504 | 3C7/Hwus + O = C4H7/(N)+ CsHe + OH | 2.8200E+10 0.00 21.76 [215]
1505 | 3C/His + O = CsHg + CoHs + OH 5.0000E+10 0.00 32.86 [215]
1506 | 3C7His + OH = C7Hiz + H20 4.0000E+10 0.00 10.88 [215]
1507 | 3C7His + OH = C4H7(N) + CzHg + H>O | 1.1600E+06 1.25 2.93 [215]
1508 | 3C7His + OH = CsHg + CoHs + HO | 4.2700E+06 1.05 2.93 [215]
1509 | 3C7His + CHs = C/Hiz + CHa 4.0800E+08 0.00 28.46 [215]
1510 | 3C7Hus + HO» = C7Hiz + H202 5.0000E+09 0.00 0.00 [215]
1511 | 1CsHss = CoHs + 1CsHys 2.5200E+13 0.00 120.55 [213]
1512 | 1C7Hss = 2C7Hss 2.0000E+11 0.00 46.46 [215]
1513 | 1C7/Hss = 3C7H1s 2.0000E+11 0.00 75.76 [215]
1514 | 1C7H1s = 4C7His 2.0000E+11 0.00 83.72 [215]
1515 | 1C7H1s = 1C/His + H 1.0000E+13 0.00 169.11 [215]
1516 | 1C7Hyi5 + Oz = 1C/Hus + HO» 1.0000E+09 0.00 8.37 [215]
1517 | 2C7Hss = 3C7Hss 2.0000E+11 0.00 83.72 [215]
1518 | 2C7His + O2 = 1C7Hus + HO: 1.0000E+09 0.00 18.83 [219]
1519 | 2C7His + O2 = 2C7Huis + HO:2 2.0000E+09 0.00 17.79 [219]
1520 | 2C7H1s = CsHe + CiHo(N) 1.6000E+13 0.00 118.46 [213]
1521 | 2C7H1s = 1C/His + H 1.0000E+13 0.00 169.11 [215]
1522 | 2C7H1s = 2CsHis + H 1.0000E+13 0.00 169.11 [215]
1523 | 3C7H1s = CzHz(N) + CaHs(N) 5.0000E+12 0.00 121.81 [213]
1524 | 3C7His = 2C/Hu + H 1.0000E+13 0.00 169.11 [215]
1525 | 3C7His = 3C/Hu + H 1.0000E+13 0.00 169.11 [215]
1526 | 3C7His + O2 = 2C/His + HO> 2.0000E+09 0.00 17.79 [215]
1527 | 3C7His + Oz = 3C/Hus + HO> 2.0000E+09 0.00 17.79 [215]
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1528 | 4C7His = 3C/Hu + H 1.0000E+13 0.00 169.11 [215]
1529 | 4C7His + O2 = 3C/Hwis + HO:2 4.0000E+09 0.00 17.79 [219]
1530 | C7Hs6 = 1CeHiz + CHs 4.1750E+12 0.00 261.90 [112]
1531 | C7H1e = 1C/His + H 1.0000E+15 0.00 418.60 [215]
1532 | C7H1e = 2C/His + H 1.0000E+15 0.00 418.60 [215]
1533 | C7H1e = 3C/His + H 1.0000E+15 0.00 418.60 [215]
1534 | C7Hs6 = 4C7His + H 1.0000E+15 0.00 418.60 [215]
1535 | CsHie + H = 1C/His + H> 5.6200E+04 2.00 32.23 [215]
1536 | CsHie + H = 2C7His + H2 1.8200E+03 2.00 20.93 [215]
1537 | C/His + H = 3C/His + H» 1.8200E+03 2.00 20.93 [215]
1538 | C/His + H = 4CsHis + H» 9.0000E+03 2.00 20.93 [215]
1539 | C/His + O = 1CsHis + OH 2.3000E+03 2.40 6.65 [215]
1540 | CsHis + O = 2CsHis + OH 6.4000E+02 2.50 20.93 [215]
1541 | CsHi + O = 3C/His + OH 6.4000E+02 2.50 20.93 [215]
1542 | CsHi + O = 4CsHis + OH 3.2000E+02 2.50 20.93 [215]
1543 | C/His + OH = 1CsHis + H20 5.2500E+06 0.97 6.65 [215]
1544 | CsHis + OH = 2CsHis + H20 2.3500E+04 1.61 0.00 [215]
1545 | C/His + OH = 3CsHis + H20 2.3500E+04 1.61 0.00 [215]
1546 | CsHis + OH = 4CsHis + H2O 1.1750E+04 1.61 0.00 [215]
1547 | CsHis + CHs = 1CsHis + CHgs 3.0000E+09 0.00 48.55 [219]
1548 | CsHis + CHs = 2C7His + CHs 1.6000E+09 0.00 39.76 [219]
1549 | C/His + CH3 = 3Cs/His + CHa 1.6000E+09 0.00 39.76 [215]
1550 | C7His + CH3 = 4C7His + CHga 8.0000E+08 0.00 39.76 [215]
1551 | C/His + O2 = 1CsHis + HO> 2.5100E+10 0.00 205.11 [215]
1552 | C7His + O2 = 2C7His + HO: 3.9800E+10 0.00 199.25 [215]
1553 | C7His + O2 = 3C/His + HO: 4.0000E+10 0.00 199.25 [219]
1554 | C7His + O3 = 4C7His + HO: 2.0000E+10 0.00 199.25 [215]
1555 | C7H1e = C3H7(N) + C4Ho(N) 2.5000E+13 0.00 261.90 [112]
1556 | C7H1e = CyHs + 1CsHu 1.2500E+13 0.00 261.90 [112]
1557 | CgHis + O = 1C/His + CHO 1.0000E+08 0.00 0.00 [213]
1558 | CgHie + OH = 1CsHis + CH20 1.0000E+08 0.00 0.00 [213]
1559 | CgHis = 1CsH11 + CzHs(A) 2.0000E+15 0.00 297.48 [213]
1560 | CgHis = C4Hg(N) + CaH7(N) 1.0000E+16 0.00 342.25 [213]
1561 | CgHis + O = 1Ce¢Hiz + CHs3CO 1.0000E+08 0.00 0.00 [213]
1562 | CgHis + OH = 1C¢Hiz + CH3CHO 1.0000E+08 0.00 0.00 [213]




Appendix A 261

No | Reaction A n Ea Ref
1563 | CaHur = 1C7Hi + CHs 7.9400E+13 | 0.00 | 138.07 | [213]
1564 | CaHur = 1CsHi + CsHs 1.5800E+13 | 0.00 | 118.41 | [213]
1565 | CaHur = CiHo(N) + CaHa(N) 5.0100E+12 | 0.00 | 121.75 | [213]
1566 | CgHur = CeHis + H 2.0000E+13 | 0.00 | 158.99 | [112]
1567 | CgHur = 1CsHio + CsHr(N) 5.0100E+12 | 0.00 | 121.75 | [213]
1568 | CgHur = 1CeHis + CoHs 2.5100E+13 | 0.00 | 120.50 | [213]
1569 | CgHir + O, = CgHis + HO, 4.0000E+09 | 0.00 | 836 [112]
1570 | 1CoHio +H = CeHs + CaH 1.0000E+10 | 0.00 | 4457 | [216]
1571 | 1CoHio +H = CeHs + CHs 3.9800E+10 | 0.00 | 9.97 [216]
1572 | 1CeHio +H = CeHs + CaHs(S) 1.5848E+11 | 0.00 | 5235 | [216]
1573 | 1CeHio +H = CoHo(T) + Hz 1.5848E+11 | 0.00 | 4653 | [216]
1574 | 1CeHip +O = C/HsO + CoHs 5.2300E+04 | 157 | -2.63 [75]
1575 | 1CoHio + O, = CoHo(T) + HO, 2.0000E+10 | 0.00 | 184.10 | [75]
1576 | 1CoHio + O, = C/HeO + CH3CHO 1.0000E+10 | 0.00 | 0.00 [75]
1577 | 1CoHio +HO, = CiHeO + CoHa +OH | 1.0000E+09 | 0.00 | 0.00 [75]
1578 | 1CoHip +OH = C/HeO + CoHs 1.0000E+10 | 0.00 | 0.00 [75]
1579 | 2CeHio +H = 3CoHu 7.2300E+09 | 0.00 | 12.14 [75]
1580 | 2CeHio +H = CeHs + CsHs 1.0000E+11 | 0.00 | 44.57 [75]
1581 | 2CoHio +H = CiHr + CaHa 2.6000E+05 | 150 | 836 | oo
1582 | 2CoHio +H = CeHs + CaHs(S) 1.5848E+11 | 0.00 | 52.35 [75]
1583 | 2CoHio +O = CgHs + CH0 5.2300E+04 | 157 | 2.63 [75]
1584 | 1CeHu = 1CoHp + H 6.3000E+13 | 0.00 | 154.39 | [75]
1585 | 1CoHu = C/H; + CoHa 2.0000E+10 | 0.00 | 12350 | [75]
1586 | 2CoHus = 2CoHp + H 3.1500E+13 | 0.00 | 154.39 | [75]
1587 | 2CoHu = CgHs + CHs 2.0000E+10 | 0.00 | 12343 | [75]
1588 | 2CoHus = 1CoHp + H 3.1500E+13 | 0.00 | 154.39 | [75]
1589 | 2CoHus = CeHs + CaHs(S) 4.0000E+13 | 0.00 | 197.75 | [75]
1590 | 2CoHus = CeHs + CaHs(A) 0.00 0.00 | 0.00 [75]
1591 | 3CeHyy +HO; = CgHio + CHO +OH 2.5000E+09 | 0.00 | 0.00 [75]
1592 | 3CeHi +HO, = CgHo + CH,O+OH | 2.5000E+09 | 0.00 | 0.00 [75]
1593 | 3CoHus = CgHs + CHs 2.0000E+13 | 0.00 | 113.10 | [75]
1594 | 1CoHu = CgHs + CHs 1.0000E+14 | 0.00 | 14581 | [36]
1595 | 1CoHi + O = C/HeO + CoHs 1.6000E+10 | 0.00 | 0.00 [36]
1596 | 1CoHi + OH = C/HeO + CoHs 1.6000E+10 | 0.00 | 0.00 [36]
1597 | 2CeHi1 + OH = C/Hy + CH;CHO 2.0000E+10 | 0.00 | 16.73 [36]
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1598 | 2CoH11 = CeHs + CsHe 1.0000E+14 | 0.00 | 145.60 [36]
1599 | 3CoH11 = CH; + CoHa 1.2300E+13 | -0.10 | 126.37 P{,\‘jff;“
1600 | CoHiz +H = 1CoH1; + Hz 1.0100E+01 | 2.90 8.07 [36]
1601 | CoHiz +O = 1CeHy + OH 4.7700E+01 | 2.70 462 | Adj[113]
1602 | CoHi + OH = 1CeHy + H.0 7.0800E+03 | 1.90 -4.84 [36]
1603 | CoHi» +H = 2CeHu + Ha 1.0100E+01 | 2.90 | 12.26 [36]
1604 | CoHiz +0O = 2CoHy; + OH 4.7700E+01 | 2.70 8.81 | Adj[113]
1605 | CoHiz + OH = 2CoH1; + H,0 4.7865E+03 | 1.40 3.56 [75]
1606 | CoHiz +H = 3CoH1y + Ha 1.3300E+03 | 2.50 | 28.26 [36]
1607 | CoH1z +0O = 3CeHy + OH 1.9300E+02 | 2.70 | 15.54 [36]
1608 | CoHi» + OH = 3CeHu + H20 3.1600E+04 | 1.80 3.90 | Adj[217]
1609 | CoHiz + HO, = 1CeHy + Ho0, 9.6400E+00 | 2.60 | 54.01 [36]
1610 | CoHiz + CHs = 1CoH1; + CH4 1.5000E-03 | 3.46 | 22.90 | Adj[113]
1611 | CoHiz + HO, = 2CoH1; + H0, 9.6400E+00 | 2.60 | 58.20 | Adj[113]
1612 | CoHiz  +HO; = 3CoH1; + H:0; 4.7600E+01 | 250 | 69.01 | Adj[113]
1613 | CoHi + CHs = 3CeH1 + CHa 9.0300E-04 | 3.65 | 29.90 | Adj[113]
1614 | CoHip +CHs = 2Ce¢H11 + CHa 1.5055E-03 | 3.46 | 22.90 | Adj[113]
1615 | CoHip  + CoHs = 1CeHu + CoHe 1.2100E-03 | 3.46 | 31.26 | Adj[113]
1616 | CoHiz + CaHs = 2CoH11 + CaHs 1.2100E-03 3.46 31.26 | Adj.[113]
1617 | CoHiz  + CoHs = 3CoH1; + CoHg 9.0400E-04 | 3.65 | 38.24 | Adj[113]
1618 | CoHiz  + CoHs = 1CoH11 + CoHa 1.0000E+00 | 3.10 | 36.94 | Adj[113]
1619 | CoHip + CoHs = 2CoH11 + CoHs 1.0000E+00 | 3.10 | 36.94 | Adj[113]
1620 | CoHip + CoHs = 3CeHu + CaHa 6.0000E-01 | 3.30 | 43.94 | Adj[113]
1621 | CoHi + CsHs(A) = 1CoHi + CsHe 7.9400E+08 | 0.00 | 67.82 [36]
1622 | CoHiz +CsHs(A) = 2CoHi + CsHe 7.9400E+08 | 0.00 | 67.78 [36]
1623 | CgHiz +CsHs(A) = 3CoHiy + CsHe 7.9400E+08 | 0.00 | 85.77 [36]
1624 | CoHiz  + CgHs = 1CeH1; + CeHs 7.9400E+08 | 0.00 | 67.78 [36]
1625 | CoHio  + CgHs = 2CeH11 + CeHe 7.9400E+08 | 0.00 | 67.68 [36]
1626 | CoHio + CgHs = 3CeH11 + CeHe 7.9400E+08 | 0.00 | 85.77 [36]
1627 | CoH1  + C7H7 = 1CeHy + CrHs 7.9400E+08 | 0.00 | 67.78 [36]
1628 | CoHiz  + CiHy = 2CoH1; + CrHg 7.9400E+08 | 0.00 | 67.68 [36]
1629 | CoHiz + CiHy = 3CoH1; + CrHs 7.9400E+08 | 0.00 | 85.84 [36]
1630 | CoHiz + O = 1CeH1; + HO, 4.0000E+10 | 0.00 | 149.78 [36]
1631 | CoHiz  + Oy = 2CoHy + HO» 4.0000E+10 | 0.00 | 207.10 [36]
1632 | CoH1z +0s = 3CoHy; + HO, 4.0000E+10 | 0.00 | 211.71 [36]
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1633 | CoH12 = CeHs + CsH7(N) 1.0000E+16 0.00 305.43 | Adj[13]
1634 | CoHi2 = C/H; + CoHs 1.0000E+16 0.00 305.43 | Adj.[13]
1635 | CoHi2 = CgHg + CHg 8.0000E+16 0.00 353.13 | Adj[13]
1636 | CoHiz +H = CsH7(N) + CeHs 5.7800E+10 0.00 33.84 Adj.[90]
1637 | CoHi2 = 3CoH;y + H 8.0000E+15 0.00 419.27 [36]
1638 | CoHi2 = 2CgH;1 + H 8.0000E+15 0.00 414.00 [36]
1639 | CoHi2 = 1CoHiy + H 8.0000E+15 0.00 360.70 [36]
1640 | CgHip + CgHs(T) = 1CoHiu + CsHe 7.9400E+08 0.00 67.78 [36]
1641 | CgHip, + C3Hs(S) = 1CoHis + CsHe 7.9400E+08 0.00 67.78 [36]
1642 | CoHip + CsHs(T) = 2CoH1i1 + CsHe 7.9400E+08 0.00 67.78 [36]
1643 | CoH1z + C3Hs(S) = 2CgHi; + CsHe 7.9400E+08 0.00 67.78 [36]
1644 | CoH1z + C3Hs(T) = 3CoHu + CszHe 7.9400E+08 0.00 85.77 [36]
1645 | CgHip + C3Hs(S) = 3CgHiz + CsHs 7.9400E+08 0.00 85.77 [36]
1646 | 1CioHz = CgHiz + CoH4 2.1000E+13 0.00 121.00 [112]
1647 | 1CioHz = 4CyoH21 2.0000E+11 0.00 84.00 [112]
1648 | 1CioHz = 5C1oH21 2.0000E+11 0.00 84.00 [112]
1649 | 2CioHz = 1C/His + CsHs 2.1000E+13 0.00 121.00 [112]
1650 | 2CioHz = 5CyoH21 2.0000E+11 0.00 84.00 [112]
1651 | 2CioHz = 4CyoH21 2.0000E+11 0.00 84.00 [112]
1652 | 3CioHz = 1CgHis + CqHg(N) 2.1000E+13 0.00 121.00 [112]
1653 | 3CioHz = 5CyoH21 2.0000E+11 0.00 84.00 [112]
1654 | 3CioHz = 4CyoH21 2.0000E+11 0.00 84.00 [112]
1655 | 4CioHz = 1CsHi1 + 1CsHio 2.1000E+13 0.00 121.00 [112]
1656 | 4CioHz = CgHis + CzHs 2.1000E+13 0.00 121.00 [75]
1657 | 5CioHz1 = C4Hg(N) + 1CeH12 2.1000E+13 0.00 121.00 [75]
1658 | 5CioHz1 = CsH7(N) + 1C7H14 2.1000E+13 0.00 121.00 [75]
1659 | CioHz2 = 1C;His + CsH7(N) 3.1420E+14 0.00 283.90 [75]
1660 | CioHz = 1CsHi1 + 1CsHu 3.1420E+14 0.00 283.90 [75]
1661 | CioHz = 1CeHiz + C4Ho(N) 3.1420E+14 0.00 283.90 [75]
1662 | CioHz = 1CyHz1 + H 8.0000E+14 0.00 424.00 [112]
1663 | CioHz2 = 2CyoHaz1 + H 8.0000E+14 0.00 424.00 [112]
1664 | CioHz2 = 3CyoHaz1 + H 8.0000E+14 0.00 424.00 [112]
1665 | CioHz2 = 4CyoH + H 8.0000E+14 0.00 424.00 [112]
1666 | CioHz = 5CyoHz + H 8.0000E+14 0.00 424.00 [112]
1667 | CioHzz + H = 1CyoH21 + H2 4.7000E+04 2.00 32.20 [112]
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No Reaction A n Ea Ref
1668 | CioH2> + H 2CioH21 + H2 1.5000E+04 2.00 20.92 [112]
1669 | CioH + H 3CioH21 + H2 1.5000E+04 2.00 20.92 [112]
1670 | CioH22 + H 4C1oH21 + H2 1.5000E+04 2.00 20.92 [112]
1671 | CioH22 + H 5CioH21 + H2 1.5000E+04 2.00 20.92 [112]
1672 | CioH22 + OH 1CioH21 + H20 4.4000E+06 0.97 6.65 [112]
1673 | CioH2 + OH 2CioH21 + H2O 1.9600E+04 1.61 0.00 [112]
1674 | CioH22 + OH 3CyoH21 + H20 1.9600E+04 1.61 0.00 [112]
1675 | CioH22 + OH 4C1oH21 + H20O 1.9600E+04 1.61 0.00 [112]
1676 | CioH22 + OH 5CioH21 + H20 1.9600E+04 1.61 0.00 [112]
1677 | CioH2 + O 1CyoH21 + OH 1.9200E+03 2.40 6.65 [112]
1678 | CioH22 + O 2CioH21 + OH 5.3300E+02 2.50 20.92 [112]
1679 | CioH2 + O 3CioH21 + OH 5.3300E+02 2.50 20.92 [112]
1680 | CioH22 + O 4CyioH21 + OH 5.3300E+02 2.50 20.92 [112]
1681 | CioH2 + O 5CyoH2; + OH 5.3300E+02 2.50 20.92 [112]
1682 | CioH22 + CHs 1CioH21 + CHa 2.5000E+09 0.00 48.53 [112]
1683 | CioH22 + CH3 2C10H21 + CHg 1.3300E+09 0.00 39.75 [112]
1684 | CioH22 + CH3 3Ci0H21 + CHgy 1.3300E+09 0.00 39.75 [112]
1685 | CioH22 + CH3 4C1oH21 + CHa 1.3300E+09 0.00 39.75 [112]
1686 | CioH22 + CHs 5CyoH21 + CHa4 1.3300E+09 0.00 39.75 [112]
1687 | CioH22 + O 1CyoH21 + HO2 2.0900E+10 0.00 218.12 [112]
1688 | CioH22 + O 2CyoH21 + HO2 3.3000E+10 0.00 204.00 [112]
1689 | CioH22 + O2 3CioH21 + HO? 3.3000E+10 0.00 204.00 [112]
1690 | CioH22 + O3 4C1oH2 + HO» 3.3000E+10 0.00 204.00 [112]
1691 | CioHz + O3 5CioH21 + HO» 3.3000E+10 0.00 204.00 [112]
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Enhanced Collision Efficiencies

Unless otherwise specified, collision efficiencaee set equal to 1.

a

b

CO0=19,C=24; =149, B0 =0.0; Ar=0.0; He = 0.0
HO=1.0

Ar=1.0

He=1.0

CO=1.9;CQ=3.8;H =250 =12.0
CO0=0.0;CE=0.0,HO=0.0

H>=1.0

HO=1.0

Co;=1.0

CO0=2.0;CR=50;,H=3.0,HO =12.0;, Q=25
CO=19;, C=38, =25 H0O=6.5

CoHz = 5.0; GHs = 1.4; GHg = 2.2; CH = 0.7; CO = 0.36; CO= 0.36;
H,O = 4.0; N = 0.36
H,=2.0;@=1.5;CO=1.5; bD =6.0; CQ=3.0

CO=1.9;CR=3.8; =25, HO =12.0
CO0=25;C0=25H=1.89; HO=12.0

CH:OH =1.0

HO =6.5; Ar=0.4
CO0=20;CR=3.0;=20,H0=5.0,Q=15
CO0=19,CR=33H=11,H0=57;Q=19;Nh=1.6

H,=2.0; HO =6.0; CH = 2.0; CO =1.5; C®=2.0; GHe = 3.0



266 Appendix A

Fall-off parametersfor pressure dependent reactions

Unless otherwise defined, third body collision @fncies are 1.

* Reactions in the Lindemann form
1 F.=0.57

2 F.=0.81

3 F.=0.51

4 Fe=0.5

5 F. = 0.18exp(-T/ 200.0) + 0.82exp(-T/1438)

6 F. =0.27

7 F.=0.35

8 Fe = 47.6exp(-16182.0/T) + exp(-T/3371.0)

9 Fe = exp(-T/1097.0) + exp(6860.0/T)

10  F.=log(k/ks) = -0.1155 + 8.8420E-4*T-1.591E-6*¥2.874E-10*T
11 Foc=2.17exp(-T/251.0) + exp(-1185.0/T)

12 F.=0.76exp(-T/38.0) + 0.24exp(-T/1946.0)

13 F. = 1.0exp(-T/1314.0) + 1.0exp(-50000.0/T)

14  F.=1.01exp(-T/206.0) + 0.196exp(-278.0/T)
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Appendix B

Thermodynamic Properties

The thermodynamic data of the chemical species em®ential for the
predictions of the heat release and equilibriunstamts.
O, AS

In(K)= ==+

RT R (B-1)

The thermodynamic data or commonly referred as JANWlynomials can
take the following forms:

C

E" =a+al+al’+aT’+aT" (B.2)
2 3 4

Ho g2l alal al & (B.3)

RT 2 3 4 5 T

S aT? aT® aT’

Z-alnM+aT+ + 2+ +a B.4

R-& (T) +a, 5 3 4 ; (B.4)

The data for each species is represented by faourteeefficients
corresponding to temperature ranges above 1000r¥ ¢t of seven coefficients)
and below 1000 K (second set). The molecular siras, heats of formation and
entropies at 298 K are found in Table B.1 .The JAN#Iynomials for the species

utilized in the current chemical mechanism are gealin Table B.2.
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TableB.1
Species Structure and Thermodynamic Data
Acronym Structure kAJf/FrLZZT 3 /;agle Reference
H, H, 0.00 130.67 [71]
0, 0, 0.00 205.14 [71]
H H 217.99 | 114.71 [71]
OH OH 37.30 | 183.73 [71]
o) H 249.19 | 160.94 [71]
H,0O H,O -241.81 | 188.82 [71]
HO, HO o- 1255 | 229.09 [71]
H,0, HO——OH -135.87 | 234.53 [71]
CH, CHa -74.60 | 186.36 [71]
CHs CHs 145.69 | 194.04 [71]
CH,(S) C'H, 428.78 | 189.21 [71]
CHa(T) C*H, 391.18 | 194.41 [71]
CH CH 595.77 | 183.03 [71]
c1 C 716.63 | 158.09 [71]
CcoO cC—o0 -110.52 | 197.65 [71]
CO, o—C——o0 -393.49 | 213.77 [71]
CH,0 H,C—O -108.57 | 218.75 [218]
CHO HC.—O0 4230 | 224.27 [71]
CH,OH H,C-—OH -17.00 | 244.16 [71]
CH;OH H,C—OH -200.99 | 240.64 [71]
CH,0 H,C—0 21.00 | 234.27 [71]
Oe
CH500 H3C_O/ 9.00 269.64 [71]
OH
CH3OOH HC—G -126.73 | 275.89 [71]
c2 C, 824.30 | 197.09 [71]
C,0 Co——0-» 291.02 | 233.61 [71]
C,H C——H 569.10 | 213.29 [71]
CoH, HC—CH 228.19 | 200.90 [71]
H,C, H,C—Cs 414.76 | 221.01 [71]
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AtHoog Sogs
Acronym Structure K3/mol I/mol/K Reference
C,HO HC— 178.26 | 249.24 [15]
C,H,0 H,C o -47.70 | 241.88 [71]
C,H3 HC.—CH, 296.56 | 233.65 [71]
o)
//
CH3CHO HC— G -165.13 | 265.42 [15]
3
H
o)
CH5CO // -10.30 | 267.43 [71]
H,C—Cs
0
o
CH,CHO H. o 25.34 268.96 [71]
2 H
C,H, H,C—CH, 52.50 219.31 [71]
CoHs H,Co—CH, 118.65 | 247.10 [71]
CoHs H,C—CH, -83.85 | 229.21 [71]
0
CHCH,0 /' \ 12.79 259.61 [15]
HC—CH,
0
C,H.0 / \ 52.63 | 242.86 [71]
H,C—CH,
H.C 0
3
C,H,O0H \ﬁ'/ SoH 28.80 324.79 [71]
HZ
C,HsO _C -13.60 | 277.63 [71]
H3C Oe
H.C o)
~N
C,Hs00 CH: o -28.70 | 299.97 [71]
2
H3C\ /9N
C,HsOOH cth, “on -162.23 | 324.50 [15]
CsH ——CH 719.35 | 247.78 [71]
CaH, ‘ IDCHZ 476.95 | 236.19 [71]
CsH,L HC———CHs 601.30 | 248.32 [15]
CsHs H,Ce———CH 34598 | 256.64 [71]
C3Ha(A) H,C———CH, 190.91 | 243.42 [71]
C3H(P) H,C———=CH 185.42 | 248.28 [71]
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Acronym Structure léf/t:fg? ; /;ET/BK Reference
HC.
CsHq(B) || >cn, 277.08 | 243.59
He [71]
H
CsHs(A) /C\ 167.79 | 258.98 [15]
H,C™ TS CH,
H
C
CsHs(S) PR 265.52 | 271.29 [71]
H,C CHe
C
CsHs(T) H2C4 \CH3 250.67 | 276.03 [15]
&
CsHs(B) /\ 279.89 | 251.47 [71]
H,C—CH,
22
CsHe(B) /\ 56.20 | 237.89 [15]
H,C—CH,
&
CsH ~ 20.00 | 266.65 71
3o H3C/ “NCH, [74]
H2
CsH(N) _C 101.31 | 290.44 [71]
H,Cs CH,
CH,
CsHs (1) HC C./ 90.18 | 289.49 [15]
: H
H2
CsHs P -104.47 | 273.62 [15]
H,C CH,
o)
C3H,0 — c// 128.67 | 277.37 [15]
— H
H,Cs_ _C
CsHsO ﬁ/ X0 88.53 | 300.64 [71]
g o
C3H,0 HC% \C4 -68.06 297.01 [71]
2
H




Appendix B 271
Acronym Structure Iﬁ]f/FrEgT ; /rii)glf/;K Reference
H2
C . H
C3HsO |/C O- 71.85 281.76 [15]
C
H2
/C-_O
PC3HsO H.C——C -32.83 | 314.27 [71]
3 H2
H_
/c_o
TC3HsO 21.78 321.38 15
sHs H,C—C [15]
H2
0
AC;3HsO J\ -33.34 | 307.50 [71]
H,Cs CH,
H2
CH
CsHeO |/C—OH 101.50 | 277.44 [71]
C
H2
0
AC3HsO J\ -219.94 | 297.33 [15]
H,C CH,
H
cC—o
PC3HgO / -185.12 | 311.53 [15]
H,C—C
H2
Oe
CsH,0(l) (|: -47.73 | 306.81 [15]
ne” N > ch,
& o
CsH,O(N) H C/ \C/ -37.91 324.76 [15]
3 HZ
H
S _oH
C3HgOH H,C C/ -55.22 | 343.23 [15]
H2
O—OH
C3H,O0H(I) H,C——CH -200.68 | 352.43 [15]
CH,
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AtHoog Sogs
Acronym Structure KJ/mol I/mol/K Reference
H2
H,C—C
C3H,00H(N) -181.90 | 371.12 [15]
C—O—OH
H2
O—O0e
/
C3H,00(1) Hac—(H?\ -63.89 | 350.32 [15]
CH,
H2
H,C—C
C3sH,00(N) SN 0—o0. | 4243 | 36555 [15]
H2
H2
C
C3HsOOH HBC\ e \O/OH 16.38 | 391.26 [15]
Ce
H
C,H HC —~¢C» 815.76 | 264.53 [15]
CiH, HC—————CH 458.27 | 249.60 [71]
HCe
N\
C4Hs(N) c cH 543.50 | 284.36 [15]
H
H,C
C4Ha(l) N\ 501.80 | 305.35 [71]
Co——CH
H.C
C,H B\ — 287.84 | 277.30 [71]
4l C CH ' '
H
H
H,C——C—C——C
C4Hs(S) H H N 315.23 | 286.22 [15]
CHs,
s
CHs(T) H,C e 363.32 | 303.57 [71]
H
s
CaHs(1) HZC/ \C?CHZ 315.20 | 290.10 [71]
H3C\
C4He(S) (H:— —cH, 161.30 | 290.98 [71]
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AsH S
Acronym Structure K mefg? ; /nglf/‘K Reference
&
C4Hg(T) HZC%C/ %CHZ 110.83 | 293.31 [71]
H
H,C
AN
C.Hs(F) c CH 165.91 | 291.69 [15]
H2
H
C_H
C.He(B) ||/C—CH3 255.04 | 285.28 [15]
C
H
CHs(M) H,C CH, 146.31 | 291.89 [71]
H
C.H-(1) HCA\CH 135.63 | 301.70 [15]
2 2
H.C g
C.Ho(N) 2 \C/ \CH2 20458 | 317.33 [71]
H2
CHFCH
CaH:(S) \ 136.32 | 304.16 [15]
CH—CH,
CH,
CaHs(l) -16.17 | 297.72 [15]
H,C CH,
H2
CaHs(N) LT, 0.42 313.98 [15]
H,C—¢
&—ch
C.Hs(S) He—cP 3 11048 | 301.07 [15]
3 H
CH,
CaHo(l) P 73.78 | 304.64 [71]
He B Scn,
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Acronym Structure Iﬁ]f/FrEgT ; /rii)glf/;K Reference
T
C4Hso(T) o 55.04 | 322.37 [71]
H,C CH,
(":'z
CaHo(N) e \C/CHB 81.80 | 307.61 [71]
H2
a CH
C4Hs(S) H3C/ \C/ 3 70.22 | 321.63 [71]
H2
H.C H,
3 \ C
C4H1o(N) o ey -125.49 | 317.94 [15]
3
H2
&
CaHo(l) C -134.98 | 295.48 [71]
Hsc/ H>cp,
C,H,0 0 CH, 216.65 292.39 [15]
0
C,H.0 H|C| 41.80 | 28552 [15]
HC—CH,
H
C o)
XC4HsO / 67.55 328.19 [15]
H,C—Ct
2 a
YC4HsO WP N o 35.07 | 311.37 [15]
2 H
g @
BC,H:O ’ C/ NN -105.21 | 305.99 [15]
3 G o
H2
C~H H
AC,HO _c—=c N 9.40 310.72 [15]
o CH,
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Acronym Structure K3/mol JmollK Reference
CH,
CaH,0(X) J\ 55.78 | 341.89 [15]
H,C c—o-
2
I
C.H,0(M) /HC\ 58.85 | 348.45 [15]
H,C Co—OH
CH,
C.HsO(X) HZC\ CH, -139.28 | 317.03 [15]
o}
H.C 0
N
C4HzO(M) HC—E -215.68 | 338.68 [15]
H,C
H3C\ "
C.HsOH()) HC C\ 7791 | 366.98 [15]
H,Ce OH
(":'z
0
0,C4HoO HO\C/ N N\ | 22355 | 425.07 [15]
H, H,
CeH C=C=C=C=CH 778.23 | 260.40 [71]
CsH, CH=C=C=C=CH 691.37 | 266.62 [71]
CsHa(L) CH=C-CH-C=CH 560.97 | 295.18 [71]
CsHa(L) CH,=C=CH=C=CH 427.00 | 304.10 [15]
CsHs 266.09 | 279.47 [71]
CsHs(L) CH,=C=CH=CH=CH | 396.48 | 307.44 [71]
N H
CsHs(L RS 247.12 | 316.15 15
5 6( ) H3C \ \CHZ [ ]
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AtH298 Soos
Acronym Structure Kol JmollK Reference
HZ
c
CsHe \ / 136.39 | 275.05 [15]
H,Ce
CsHo(l) __cH, 316.29 | 341.67 [15]
H,C c
HZ
c
HC/ AN
CoH- \\ /CH° 172.65 | 292.49 [15]
c—cC
H A,
& c
CsHa(L) HZC/ N %CHZ 221.74 | 312.11 [128]
H
(H:z
RN
HC CH
CsHs N/ 2 37.33 | 292.45 [15]
c—cC
H H,
H,C
CsHa(l) %\ __cH, 87.84 | 321.42 [15]
H,C c
CsHo CH5CH,CHCHCH, 170.80 | 357.26 [219]
H,C
CsHa(A) CH, 11045 | 345.06 [15]
H,C c:
H,C»
CsHo(B) __CH, 120.98 | 340.03 [15]
H,C C
H2
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Acronym Structure K3/mol Jmol/K Reference
H,C
CsHio(A) 2\ /CHS -33.91 345.94 [15]
H,C C
H,
H,C
CsH1o(B) )\\ /CH3 -39.79 337.91 [15]
H,C C
H
H3(|'3
CsHq4(T) C CH, 36.75 375.81 [15]
H3C/ ’\C/
H,
1CsHq1 CH3-3(CH,)CH, 45.28 374.97 [220]
1CsHyg CH,CH-2(CH,)CHjs -21.73 345.24 [220]
(|)H
Ce
CsH,OH 90.83 309.17 [15]
0
CsH,O @ 54.75 291.42 [15]
CsHsO QO° 103.29 307.79 [71]
|
C
CsHs00 i H ; 215.59 352.45 [15]
OH
CsHs0OH @ -8.14 309.39 [15]
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AtH298 Soos
Acronym Structure K3/mol JmollK Reference
CeHo y C// // //CH 70078 | 299.17 [73]
H
CoH N N | 75248 | 35248 | [15]
o e =
HE N cx
CoHa | | 46111 | 283.22 [71]
HC Qo CH
H
%\ /C /CH
CeHaL e N N 523.17 | 325.85 [15]
H
H2
_— c CH
CoHs(A) Hcy\ﬁ/ N 576.05 | 363.46 [15]
CeHs(B) CH=C-CH=CH-CH=CH | 605.93 | 342.09 [15]
Ce
CeHs 345.44 | 290.01 [15]
H
%\ /C2 /CH
CeHs(A) o N N 417.44 | 348.66 [15]
H2
H2
CeHe(B) HC%\\C/CV//CH 416.49 | 354.17 [15]
2
H
8 & CH
CsHe(D) N N 34351 | 336.18 [15]
2
H
g CH
CeHs(S) Lo XXM | 306,28 | 337.90 [15]
2
H
CH,
CoHo(F) 216.34 | 294.74 [15]
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Acronym Structure léf/t:fg? ; /;ET/BK Reference
H,C CH,
CeHes(M) 339.99 | 305.15 [15]
CeHs © 85.13 | 270.20 [15]
N
CeH7 210.86 | 302.72 [15]
Ce
CeH7(L) CH,=CH-CH=CH-CH=CH | 428.53 | 346.54 [15]
——
CsH4CHs C—CH, 219.37 | 324.56 [15]
\
CeHs © 109.16 | 299.54 [15]
CsHsCHs @—wa 112.16 | 312.62 [15]
Ho & _on
CoHu he? No No 7| 14225 | 39495 [221]
: H2 H2
Ho 2 _en
1CeH12 he? No N0 | 4169 | 384.80 [221]
: H2 H2
H2 H2
c c CHs
1CeH1s e e N 25.10 | 407.63 [126]
3
H2 H2
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Acronym Structure léf/t:fg? ; /;ET/BK Reference
H2 H2
C C CH
2CgH13 e e o 75.35 378.93 [126]
s H, H
C 0
CeHsO, /I//J 147.09 | 341.81 [15]
o)
Qe
0
CeH303 -129.54 | 365.08 [15]
o)
OH
CsHsOH @ -82.45 | 321.64 [15]
Qe
CeHsO @ 61.65 | 311.57 [15]
0
CeH.O, ﬁ -121.32 | 323.52 [15]
o)
(@] Oe
CsHs00 @ 151.60 | 354.30 [15]
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Acronym Structure K3/mol 3/mollK Reference
O—OH
CeHsOOH © -2.61 | 355.43 [15]
/
CHs Ce———CH 476.46 | 326.03 [15]
\
C.He @—w 367.33 | 357.35 [71]
CeHsC .:C: 616.44 | 328.29 [15]
CH:
CeHsCH @ 474.03 | 320.41 [15]
CH,’
C.H, 215.28 | 318.42 [15]
C,H-L E>—c-—CH2 45353 | 350.43 [15]
C,H,P C CH, 31452 | 321.27 [15]
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AfH298 Soos
Acronym Structure K3/mol 3/mollK Reference
CH;
C,Hg 51.97 322.10 [15]
A
C-Hisg ne” S¢S Ny, | 718823 | 456.03 [15]
HZ H2
iR &
C7His he?” N N Ny, | 145.06 | 458.15 [15]
H2 H2
H H
/CZ\ /Cz\ /E\
1C,Hy,4 He c ¢ Ny, | 6328 501.66 [15]
H2 H2
H H
C2 C2 /CH:
2C,Hy, ne” N N Nep, | 7307 | 436.49 [15]
H, H
N
3C7Hus ne N N Ny, | 7202 | 44073 [15]
H, H
H H H
C2 C2 C2
1C/H;s ne” e >N e 18.59 472.84 [15]
H2 H2
H H
C2 02 (HI'\
2C7Hss5 e e e en 7.09 481.86 [15]
: H2 H2 ¢
H H H
/CZ /Cz /Cz
3C7H1s H,C N NG \CH3 8.09 487.97 [15]
H, H
e R
4C;Hys H3C/ N N e, 8.09 485.73 [15]
H2 H2
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AfH298 Soos
Acronym Structure K3/mol I/mol/K Reference
CeHsCO @— co 108.77 | 355.34 [55]
o)
Vs
C,HeO ﬁ -39.04 | 342.33 [15]
Oe
C,H,0 é 126.00 | 359.06 [15]
/CH-2
C;H,0A o) 118.99 | 369.23 [15]
OC,H;, o-@—CHB 2287 | 354.68 [15]
OH
/
C,H,0H cH: 9271 | 361.86 [15]
2
HOC,H;, HOOCHS -123.72 | 352.43 [15]
/CH3
C,HgOA o) -72.39 | 351.10 [15]
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AtHoog Sogs
Acronym Structure K3/mol JmollK Reference
H,C—0—O0»
C,H,00 Hﬁ N |CH 119.20 | 403.25 [15]
HC. _-CH
et
00CH.P | O © CHs| 117.94 | 385.43 [15]
s / / _~CH

CaHo He? NN | 90889 | 352.66 [15]
/ 2

CeHs(S) / 555.46 | 326.08 [126]
y CH

CaHs c 74 624.12 | 342.36 [15]
y CH

CsHe 74 317.78 | 331.20 [15]

CeHsCHC @—/ 519.80 | 351.11 [15]
al

CaH- 41151 | 359.34 [15]
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Acronym Structure K3/mol JmollK Reference
a
HT§
C—CH
CaH:(F) >__H 2| 480.56 | 364.00 [15]
Ealy HCQC
H
CH
2
CeH+(P) C c 397.09 | 368.11 [126]
CH
7
CeHs c 149.14 | 345.99 [15]
g
HT?
»——C—C—CH
CeHol(F) —H A 2| 366.22 | 393.84 [15]
HCQC 2
H
CaHo @—o 185.64 | 354.34 [15]
Colho @J 3029 | 365.14 [15]
CaHis CH,CH-5(CH,)CHs 82.90 | 462.37 [221]
CaHiy CH3-6(CH,)CH, -16.32 | 486.80 [221]
C——o0
CeHsC,0 @ 249.20 | 368.19 [15]
CeH:O o:< > —CH| 28726 | 358.29 [15]
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AtH298 Soos
Acronym Structure K3/mol I/mol/K Reference
CH
O—0O //

CgHs00 375.82 | 396.28 [15]
CoH7 ~ 285.58 | 342.82 [126]
H2
/C—CH-2
CoH4L G 531.47 | 370.08 [126]

2
CoHg ~ 164.13 | 335.83 [221]
//:CH2
CoHg(S) 5 286.30 | 376.70 [15]
/——CH
CoHe(T) 5, 305.78 | 380.15 [15]
H
Q C==cH,
CoHo(N) S 394.26 | 407.04 [15]
2
/Co_CH2
CoHs(1) ﬁz 365.57 | 415.19 [15]
//:CH2
CoHo(S) 5 214.35 | 356.69 [15]
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AfH298 Soos
Acronym Structure K3/mol I/mol/K Reference
H
C——CHs
/
CoHo(P) ﬁz 381.09 | 399.98 [15]
CoHyo(C) ED 315.29 353.21 [15]
Ce
/CH°2
C
CoHo(F) H, 378.85 | 391.22 [15]
CH,
C-\v
CoHo(T) 377.28 | 394.43 [126]
\
1CoH10 117.00 | 380.36 [222]
2CoH 1o ©/\/ 117.00 | 380.36 [222]
C\/
1CoHy; ©/ 147.18 | 397.42 [36]
c-/
2CoHy; 204.21 | 403.43 [36]
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Appendix B
AtHoog Sogs
Acronym Structure K3/mol JmollK Reference
Ce
3CgH;1 ©/\/ 209.22 403.43 [36]
CoHis ©/\/ 7.74 408.34 [15]
O
CoHgO 54.97 352.13 [15]
//CH
C
H
O
CoH;,O 131.92 342.22 est. [221]
//CH
C
H
CH
CH
CioHs // 554.44 381.76 [15]
CioH- 401.66 | 352.22 [15]
Ce
CuoHoL A 650.04 | 394.28 [15]
——Ce
C
AN
CioH/M 635.52 406.56 [15]
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AtHoog Sogs
Acronym Structure K3/mol JmollK Reference
CaoHal X 375.14 | 393.20 [126]
—

CioHs “ 147.64 | 335.46 [15]
CroHgK .:. 360.22 | 368.63 [15]
C1oHsG 375.49 | 402.18 [15]

CH,
CoHsCH, “ 238.45 | 355.60 [131]

CioHgd ©/\/\ 381.95 | 403.90 [15]

C
\
CroHeA 475.08 | 408.21 [15]
/
C
C1oHgD @\j 433.78 | 428.40 [15]
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AtHoog Sogs
Acronym Structure K3/mol I/mol/K Reference
N
CioHo 249.25 | 366.87 [15]
Ce
\
CioHoF Ce 361.64 | 380.29 [15]
—
CioHgP 485.87 | 416.74 [15]
/C-
CH,
C
CoHsCHs N 255.55 | 347.44 [131]
_—
N
CioHoT 249.22 366.74 [15]
Ce
.
c-/\
CioHoB 424.68 408.01 [15]
CioHoL 453.42 | 421.82 [126]
CioHoE Ce | 403.44 | 405.78 [15]
— -
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Acronym Structure Iﬁ]f/FrEgT ; /rii)glf/;K Reference
CioHioK .\. 264.39 | 367.18 [126]
\
CioHoK Ce 460.09 | 398.36 [15]
/
N N
CioHoM ‘ 472.83 | 419.40 [15]
/ Ce /
CH,
CoH-CHs “ 147.10 | 390.12 [131]
N
CioHio 279.36 | 414.96 [126]
CioH1oF 256.27 | 410.98 [15]
E;[//
1CyoHas CH3-8(CH,)CH, 57.75 | 565.99 [126]
2C10Ha1 CHs-7(CH,)CHCH; 58.99 | 566.73 [126]
3C1oHas CH3-6(CH,)CHCH,CH; 58.99 | 566.73 [126]
4C1oHa CH,-5(CH,)CH-2(CH,)CH; | -58.99 | 566.73 [126]
5C1oHa1 CHs-4(CH,)CH-3(CH,)CH; | -58.99 | 566.73 [126]
CioHas CH3-8(CH,)CHs -250.13 | 544.19 [126]
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Appendix B
AtHoog Sogs
Acronym Structure K3/mol JmollK Reference
CyoH,00 “\ 220.99 | 402.03 [15]
O Oe
CyoH,O “\ 123.14 | 374.07 [15]
O
C1oH,OH “\ 30.79 | 368.69 [126]
OH
o)
C10HeO> * -103.86 | 388.72 [15]
o)
H,Ce
Cy1Ho “ 272.79 | 375.72 [221]
CH,
CuHoP . 357.02 | 375581 [11]
/
CH,
CuiHio “ 116.10 | 381.96 [221]
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AfH298 Soos
Acronym Structure K3/mol 3/mollK Reference
co
CyH;0 “ 174.92 | 415.82 [221]
CHO
C11HgO “ 30.54 415.68 [221]
H,C——Os
CyiHyO “ 189.23 | 375.81 | est. [11]
O—Co
H2
AC;;HsO 155.20 | 375.81 est. [11]
CH,
0O0C;HsP * 284.20 | 465.62 est. [11]
O—O0.
H,C—0—0»
C1,H00 “ 254.99 | 415.78 | est.[126]
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AtHoog Sogs
Acronym Structure K3/mol JmollK Reference
H,C—OH
CH160 “ 28.47 | 452.86 | est [11]
CH,
OCy1Hs * 8522 | 37581 | est [11]
O
CH,
HOC,;Ho * -58.77 | 375.81 | est [11]
OH
O——CH,
AC1;H100 0.48 45276 | EstiiL
15]
CioH1o H 182.14 388.84 [221]
/
1C,Hs0 215.04 | 400.83 [221]
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AtH298 Soos
Acronym Structure K3/mol I/mol/K Reference
/
Cs
CioHig 220.45 426.59 [221]
CioHeo 96.90 406.30 [221]
H2
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TableB.2

Polynomialsfor species

0. 29328305E+01
. 81305582E+03
0. 20156967E- 07

3. 66096083E+00
. 21597725E+03
. 68129508E- 09

0. 25000000E+01
0. 25473660E+05
0. 00000000E+00

2. 83853033E+00
3. 69780808E+03
. 87916306E- 09

0. 25420597E+01
0. 29230803E+05
. 16028432E- 08

0. 26770389E+01
. 29885894E+05
. 54879269E- 08

0. 41722659E+01

0. 61818851E+02
- 0. 24275961E- 07
H20O2

4.57977305E+00
-1.80071775E+04
-2.26762944E- 08
C2Ho6

4. 04666411E+00
-1. 24473499E+04
-7.08466469E- 08
C2H5

0. 42878814E+01

0. 12056455E+05
- 0. 59905874E- 07
cHa

3. 99182724E+00

4. 26865851E+03
-6. 91588352E-08
C2H2

4. 65878489E+00

2.57594042E+04

2. 80152958E-08
CH4

1. 65326226 E+00
- 1. 00095936E+04
- 4. 84246767E- 08

o3

0. 28440516E+01

0. 16437808E+05

0. 16218287E- 07
cH2(9)

3. 13501686E+00

5. 05040504E+04
- 6. 62985981E- 09
cH2(T)

3. 14631886E+00

4. 60412605E+04

wWwo

[eNoNe] [eNoNe] [eNoNe] = ol

oo b

[eNoNe]

= © R

[eNoNe]

= AN

. 82659802E- 03
.10243164E+01 O.
. 73760289E- 11

. 00000000E+00
. 44668285E+00
. 00000000E+00

.10741289E- 03
. 84494652E+00 3.
.36319502E-12 3.

. 27550619E- 04
.49203081E+01 O.
. 38906963E-12 0.

. 29731816E-02
. 68825500E+01 O.
.17719680E- 11

. 18812098E- 02
. 29577974E+01 0.
. 92920670E-11 0.

. 05326003E- 03
. 64970694E-01 4.
. 08950158E- 12

. 53538802E- 02
. 68698313E-01 4.
. 68685836E- 11

. 12433893E- 01
. 84602583E+00 O.
. 23048478E-10 O.

. 04833908E- 02
.69081762E-01 3.
. 69884190E-11 5.

. 88396667E- 03
. 99838194E+00 8.
.50075165E-12 2.

. 00263099E- 02
. 90506283E+00 5.
. 66603441E- 11

.61379741E-02
. 54526973E+01 0.
. 58649526E- 11 0.

. 89593926E- 03
. 06030621E+00 4.
. 93233199E-12 5.

. 03671259E- 03
. 72341711E+00 3.

. 56365523E-04 - 1.
.41536184E+00 3.
. 24372836E- 12

[eNeNe]

- 0.

- 0.

-1.

14640057E- 06
23443029E+01
91792413E+03

41149485E- 07
78245636E+00
06394356E+03

. 00000000E+00
. 25000000E+01
. 25473660E+05

. 94000209E- 07
99198424E+00
36889836E+03

. 31028033E- 08
29464288E+01
29147644E+05

. 77376889E- 06
41986352E+01
. 30293726E+05

. 34629297E- 06
43017880E+01
29480876E+03

. 29844730E- 06
31515149E+00
. 77067437E+04

. 47039485E- 06
29142572E+00
. 15222056E+04

.44139119E- 05
43058580E+01
12841714E+05

. 71721342E- 06
95920063E+00
08977598E+03

. 60828888E- 06
08679682E- 01
64289808E+04

[eNeNe]

REF

. 15409851E- 10
. 79804248E- 02
. 68300218E+00

REF :

. 05797658E- 11
. 99673415E- 03
. 65767573E+00

REF :

. 00000000E+00
. 00000000E+00
. 44668285E+00

REF :

. 20698729E- 11
. 40106655E- 03
. 03998477E-01

REF :

.45510674E- 11
. 16381665E- 02
. 29639949E+01

REF :

. 94433514E- 10
. 20364017E- 02
. 84900901E+00

. 19468516E- 10
.47490201E- 02
.37167010E+01

REF :

. 98211400E- 10
. 47390622E- 04
. 27373319E+00

REF :

. 77826544E- 10
. 50154901E- 03
. 66678994E+00

. 70654102E- 09
. 41833638E- 02
.47100236E+01

REF :

5. 94628366E- 10

2
2

1.

.57051373E- 03
. 09730213E+00

REF :
46974544E- 10
33615762E- 02
39396761E+01

ANHARMONI C - REF :

. 31661238E- 06
14911468E+00
. 02465983E+04

. 22303452E- 05
24304428E+01
16423781E+05

. 16668090E- 07
19331325E+00
03662246E+04

. 96474439E- 07
71757846E+00

- 1.
- 4.

0
0
0
1.
- 2.
-7.

1.
1.

. 36483138E- 10

36622009E- 02
63848842E+00
REF :

. 37851608E- 09

11124099E- 01

. 67897939E+01

REF :
13572697E- 10
33105184E- 03
46734310E-01

REF :
50483580E- 10
27391260E- 03

BURCAT 20/ 09/ 06
-0. 68879615E- 15
-0.19477917E- 04

BURCAT 20/ 09/ 06
-1.29913248E- 15
9. 84730200E- 06

BURCAT 20/ 09/ 06
0. 00000000E+00
0. 00000000E+00

BURCAT 20/ 09/ 06
-2.42289890E- 15
4.61664033E- 06
4.48615380E+03
BURCAT 20/ 09/ 06
- 0. 43680515E- 15
0.24210317E-05

BURCAT 20/ 09/ 06
-0.42689991E- 14
0. 65203416E- 05

0. 17609153E- 15
0. 21157953E- 04

BURCAT 20/ 09/ 06
-1.13968792E- 14
1. 76404323E- 05
-1.63425145E+04
BURCAT 20/ 09/ 06
-5.23167531E- 14
5. 99438458E- 05

-0.42035136E- 13
0.49707270E- 04

BURCAT 20/ 09/ 06
- 3. 53630386E- 14
5. 70989993E- 05

BURCAT 20/ 09/ 06
-1. 38605959E- 14
- 3. 55172234E- 05

BURCAT 20/ 09/ 06

- 3. 14696758E- 14
4.91453921E- 05
-8.97226656E+03
BURCAT 20/ 09/ 06
- 0. 24521590E- 13
-0. 16802203E- 04

BURCAT 20/ 09/ 06
- 6. 36262835E- 15
8. 15676451E- 06

BURCAT 20/ 09/ 06
- 8. 57335515E- 15
2. 17347251E- 06
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- 3. 48858500E- 09
CH

0. 25209369E+01
0. 70946769E+05
0. 31628420E- 08
(o1}
. 26055830E+01
. 85411742E+05
. 73223487E- 09

[eNoNe]

CO

0. 30484859E+01
-0. 14266117E+05

0. 90700586E- 09
cx2

0. 46365111E+01
- 0. 49024904E+05

0. 24573008E- 08
CH20

0. 31694807E+01
- 0. 14478425E+05
-0. 37927902E- 07
CHO

3. 92001542E+00

3. 65342928E+03
-1. 34239995E- 08
CH3OH

3. 52726795E+00
- 2.60028834E+04
-7.58372926E-08
CH30

4.75779238E+00

3. 78111940E+02
-4.73072089E- 08
CH20H

5. 09314370E+00
-4.03409640E+03
- 3. 64869060E- 08
Cc20

5.42468378E+00

3. 31537194E+04

1.52777730E- 08
C2H

0. 36646060E+01

0. 67297055E+05

0. 28930184E- 07
C2HO

5. 80668033E+00

1. 94243191E+04

2.96410713E- 08
C2H20

0. 57577901E+01
-0. 79786113E+04

0.92767477E- 08
C2H3

4.15026763E+00

3. 38566380E+04
- 3. 72986942E- 08
CH3CHO

5. 25190093E+00
-2.24327033E+04
-6.47002177E- 08
CH3CO

0. 53137165E+01
- 0. 36450414E+04
- 0. 39247565E- 07
c2

4. 12492246E+00

[eNoNe] [eNoNe]

[eNoNe]

A OWN [eNeNe]

N o1

[eNoNe]

e

. 65208866E- 12

. 17653639E- 02
. 74051829E+01
. 14061803E- 11

. 19593434E- 03
. 41923868E+01
. 26652144E- 12

. 13517281E- 02
.60170977E+01
. 90442449E- 12

. 27414569E- 02
. 19348955E+01
. 14288548E- 12

. 61932742E- 02
. 60423533E+01
.13177015E- 10

. 52279324E- 03
. 58077056E+00
. 37416208E- 12

. 03178783E- 02
. 16758693E+00
. 80427550E- 11

. 44142474E- 03
. 96680028E+00
. 86588420E- 11

. 94761260E- 03
. 84691493E+00
.47907450E- 11

. 85393945E- 03
. 69608405E+00
. 20063163E- 12

. 38218694E- 02
. 39134973E+01
.10744742E- 10

. 63140881E- 03
. 44501759E+00
. 02822778E- 11

. 63496507E- 02
. 61064037E+01
.19915011E- 11

. 54021341E- 03
. 72812235E+00
.51590176E- 11

. 18574124E- 02
. 48438587E+00
.44610814E- 11

.91737793E-02
. 16757558E+01
. 15296869E- 10

. 08348338E- 04

- 2.
3
3

REF :

- 4.
5.
-2.

. 58723866E+04

.46147660E- 06
. 34897583E+01
. 70612646E+05

. 10673722E- 06
. 25542395E+01
. 85442681E+05

. 48579405E- 06
. 35795335E+01
. 14344086E+05

. 99589759E- 06
. 23568130E+01
. 48371971E+05

. 22505981E- 05
.47937036E+01
. 14308955E+05

. 71004164E- 07
. 23754610E+00
. 87241185E+03

. 62892944E- 06
. 65851051E+00
. 56119736E+04

. 69705176E- 06
. 71180502E+00
. 29569760E+03

. 06497460E- 06
. 47834367E+00
. 50072890E+03

. 17932956E- 07
. 86278214E+00
. 37501779E+04

. 13650743E- 05
. 29018020E+01
. 67190326E+05

. 28197024E- 06
. 50499402E+00
. 00662139E+04

. 22584407E- 05
. 21401165E+01
. 70430509E+04

62997847E- 06
36377642E+00
44749589E+04

27442759E- 06
08801432E+00
14638582E+04

. 33220386E- 05
. 40358705E+01
. 26820738E+04

. 57252585E- 07

UNPUBLI SHEI

[eNoNe]

[eNeNe]

f
DN D

PPN [eNoNe] [l )]

[eNoNe]

4.

2
7
D

6
-6

. 75297945E+00

REF

. 59289675E- 10
. 32432160E- 03
. 20842841E+01

. 16423940E- 10
. 32153772E- 03
. 45313085E+01

REF :

. 78853644E- 10
. 61035369E- 03
. 35084093E+01

REF :

. 16038666E- 09
. 89841299E- 02
. 99009035E+01

. 36598245E- 09
. 99081518E- 02
. 60288702E+00

REF :

. 05615948E- 10
. 32075257E- 03
. 30834869E+00

REF :

. 77448016E- 10
. 62983419E- 02
. 97330508E- 01

REF :

. 38090504E- 10
. 80463306E- 03
. 57240864E+00

REF :

. 23008173E- 10
. 35070310E- 03
. 30913500E+00

REF :

. 77646230E- 11
.19701204E- 02
. 89759099E+00

. 21324828E- 09
. 13285982E- 01
. 61723506E+01
R. ROBI NSON 22/ 09/ 06
. 04562706E- 10
. 94889354E- 02
.11211692E+01

REF :

REF :

. 36208462E- 09
. 18088368E- 01
. 12198699E+02

REF :
15974048E- 10

. 65765722E- 04

91510092E+00

BURCAT 20/ 09/ 06

- 0. 33474501E- 14
-0. 16899751E- 05

0. 81870580E- 15
0. 73379223E- 06

BURCAT 20/ 09/ 06
-0.46980746E- 14
0. 10168143E-05

BURCAT 20/ 09/ 06
-0.91619857E- 14
- 0. 71220632E- 05

-0. 22015410E- 13
0. 37321459E- 04

BURCAT 20/ 09/ 06
-7.43798261E- 15
1. 40030264E- 05

BURCAT 20/ 09/ 06
-3.42182632E- 14
6. 91938156E- 05

BURCAT 20/ 09/ 06
- 2. 63537098E- 14
3. 76550971E- 05

BURCAT 20/ 09/ 06
-1. 88125902E- 14
2.78484980E- 05

BURCAT 20/ 09/ 06
- 3. 53315237E- 15
-1. 80851222E- 05

- 0. 12309430E- 13
- 0. 28050886E- 04

-1.21475486E- 14
- 3. 30041888E- 05

BURCAT 20/ 09/ 06
- 0. 21569030E- 13
-0.17324216E- 04

BURCAT 20/ 09/ 06
- 2.45407509E- 14
2.79620704E- 05

R. ROBI NSON | MPERI AL 20/ 09/ 06

91482701E- 10
39393756E- 03

2.91845026E+00

[eNoNe]

REF :

. 53947456E- 09
. 87729487E- 03
. 78617682E+01

REF :

. 24046828E- 11

-4.14491372E- 14
5. 50299788E- 05

BURCAT 20/ 09/ 06
- 0. 32452368E- 13
0.30710010E- 04
- 0. 12388039E+04
BURCAT 20/ 09/ 06
3. 25059373E- 15
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9. 81882961E+04

1. 72462711E- 07
CH2CHO

0. 59756699E+01

0. 49032178E+03

0. 71585831E- 08
H2C2

0. 42780340E+01

0. 48316688E+05
-0.12104432E- 08
CH30OO

5. 92505819E+00
-1. 53258958E+03
-5.66763729E- 08
CH3OCH

7. 76538058E+00
-1.82979984E+04

-2.52827275E- 08
CHCH20

6. 23101359E+00
- 1. 14930996E+03
-2.54818477E- 08
C2H40

0.54887641E+01
-0. 91804251E+04
-0. 10080788E- 06
C2HAO0H

9. 74660000E+00
- 3. 94819063E+02

1. 03835000E- 08
C2H50

0. 66889982E+01
- 0. 47457832E+04
- 0. 43314083E- 07
C2H500

8. 05957692E+00
- 7. 31028500E+03
- 7. 94505636E- 08
C2H500H

8. 99519146E+00
- 2. 34335955E+04
- 6. 73457524E- 08
C3H

6. 14184491E+00

8. 44225753E+04

2.51382364E- 08
C3H2

5. 69445684E+00

5. 49264274E+04
- 5. 49792422E- 08
C3H2L

6. 42557170E+00

6. 99539184E+04

1. 29990854E- 08
C3H3

7.14221880E+00

3. 89087427E+04

3. 76309808E- 08
C3H4( A)

0. 63168722E+01

0. 20117495E+05
- 0. 34525149E- 07
C3H4( P)

0. 60252400E+01

0. 19620942E+05
-0. 13657623E- 07
C3H4( B)

. 97432262E- 01
.57913199E- 11

. 81305914E- 02
. 50320879E+01
. 28673851E- 11

. 47562804E- 02
. 64023701E+00
. 98189545E- 12

. 00194542E- 03
. 93669747E+00
. 21591482E- 11

. 61499712E- 03
. 43992663E+01

. 34368212E- 11

. 68490881E- 03
. 80034154E+00
. 14805860E- 11

. 12046190E- 01
- 0.
. 40039921E- 10

70799605E+01

. 01084240E+00
. 07656245E+01
.41770000E- 12

. 13125676E- 01
- 0.
.17276184E- 10

96983755E+01

.52921019E- 02
. 59992904E+01
.12101317E- 11

. 52768090E- 02
. 78995702E+01
. 69294264E- 11

. 39661013E- 03
. 44480148E+00
. 85285352E- 12

. 53821901E- 03
. 96163733E+00
. 28335240E- 11

. 57113530E- 03
. 83877867E+00
. 05445698E- 12

. 61902005E- 03
. 25848435E+01
. 18540923E- 11

.11133728E- 01
. 10995766E+02
. 15335079E- 10

. 11336542E- 01
. 86043785E+01
. 66154285E- 11

. 96261001E+00
. 82538219E+04

. 27436245E- 05
. 34090624E+01
. 15214766E+04

. 16301009E- 05
. 32815483E+01
. 48621794E+05

. 24254309E- 06
. 76597792E+00 -
. 82401289E+02

. 98006935E- 06
. 90540897E+00

. 68894632E+04

. 11847314E- 06
. 49418731E+00
. 14716931E+02

. 43336931E- 05
. 37590532E+01 -
. 75608143E+04

. 13022000E- 06
. 10863000E+00
. 56528996E+03

. 47038840E- 05
. 43074268E+01
. 34027524E+04

. 54442603E- 06
. 21694144E+00
. 41455775E+03

. 42345537E- 06
. 95135129E+00
. 20224273E+04 -

. 21915444E- 06
. 34917187E+00
. 49863168E+04

. 35907266E- 06
. 18167129E+00 -
. 61816758E+04

. 93729414E- 06
. 51874113E+00
. 08679212E+04

. 67459950E- 06
. 35110927E+00
. 01057783E+04

. 39629378E- 05
. 26130445E+01
. 21541567E+05

. 40223391E- 05
. 26803869E+01
. 20802374E+05

[eNoNe] [eNoNe]

A~ WO

[eNoNe] = O Ww [eNoNe] [l )|

H PO

1.
1.
6
CYCLI C -
3
3
9.

[oNeNe] = Wwhs

[eNoNe]

. 76822247E- 02
. 33201223E+01

.40703041E- 09
.10738574E- 01
. 95714535E+01

. 25462806E- 09
. 69764791E- 02
. 59203910E+01

REF :

. 24362718E- 10
.51077148E- 03
. 76095141E+00

REF :

. 68638071E- 10
. 74994735E- 02

. 13741987E+01
R. ROBI NSON 20/ 09/ 06
. 03260099E- 10
. 16640629E- 02
. 32015748E+01

REF :

. 70028311E- 09
. 94412180E- 02
. 78497475E+01

REF :

. 83694000E- 10
. 03341860E+00
. 81813376E+01

REF :

. 75858552E- 09
. 64147205E- 02
. 59025837E+01

. 00496195E- 10
. 24160003E- 04
. 22381533E+00
R. ROBI NSON 20/ 09/ 06
8. 64392953E- 10
2

3. 02023422E+00

REF :

46459348E- 03

REF :
97782838E- 10
65822626E- 02
80362439E+00
REF :
82037384E- 10
37611741E- 04
06482468E+00
&3 REF :

96318981E- 02

REF :

. 24914801E- 10
.27411223E-02
. 52058924E+01

. 63564238E- 09
.12122575E- 01
. 10226139E+02

. 64376063E- 09
. 15799651E- 01
. 98769351E+01

- 1. 58039636E- 04

-0.21760171E- 13
0. 18914925E- 05

- 0. 14886379E- 13
- 0. 23855244E- 05

BURCAT 20/ 09/ 06
- 3. 14263003E- 14
4. 54394152E- 05

BURCAT 20/ 09/ 06
- 2. 75339255E- 14
5. 28243630E- 06

-3.01192222E- 14
1. 21136016E- 05

-0.41949088E- 13
0. 80309721E- 04

BURCAT 20/ 09/ 06
-1.60474000E- 14
- 2. 66198000E- 05

BURCAT 20/ 09/ 06
- 0. 45413306E- 13
0. 31139714E- 04

-5.41302799E- 14
6. 15529492E- 05

-5.12061321E- 14
5.06621132E- 05

BURCAT 20/ 09/ 06
-1.18312807E- 14
-2.77115653E- 05

BURCAT 20/ 09/ 06
-2.29227460E- 14
3. 95343765E- 05

R. ROBI NSON 05/ 10/ 06
3. 05883061E- 10
1.

1. 05212804E+01

-1.80270714E- 14
-2.17479988E- 05

BURCAT 20/ 09/ 06
-2.51475415E- 14
-4.73827135E- 05

- 0. 37875540E- 13
0. 18539880E- 04

- 0. 38299635E- 13
0. 25070596E- 05
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6. 28078872E+00

3. 03415080E+04

- 6. 62906810E- 08
C3H5( A)

7. 05019790E+00

1. 69162444E+04

- 3. 34032456E- 08
C3H5( S)

6. 05091412E+00

2. 90860210E+04

- 3. 47145235E- 08
C3H5(T)

6. 17467558E+00

2. 72013596 E+04

-5.67019197E- 08
C3H5( B)

6. 62512238E+00

3. 03239999E+04

- 8. 83383102E- 08
C3H6( B)

6. 33778554E+00

3. 28971390E+03

- 1. 16111392E- 07
C3H6

6. 03870234E+00

-7.41715057E+02

- 6. 66251176E- 08
GHI(N)

6. 49636579E+00

8. 85973885E+03

- 6. 99343598E- 08
C3H7(1)

6. 10103510E+00

7.53376696E+03

- 1. 15074793E- 07
C3H8

6. 46876392E+00

- 1. 61396855E+04

-7.96781660E- 08
C3H20

8. 31837925E+00

1. 24699728E+04

4. 99681989E- 08
C3H3O

6. 90703955E+00

7. 62708561E+03

- 4. 55489258E- 08
C3HI0

7. 31820729E+00

- 1. 16137229E+04

- 6. 61399005E- 08
C3H50
8. 79584189E+00
4. 54840599E+03
- 6. 06152090E- 08
PC3H50
6. 52325448E+00
-7.19631634E+03
- 9. 05514997E- 08
TC3H50
8.19121321E+00
-1. 02130206E+03
- 8. 26664815E- 08
AC3H50
7.54410697E+00
-7.48672286E+03
-5. 94680816E- 08

1.
-7.
2

1.
-1.
. 70565687E- 11

6
-1.
.46632942E- 11

. 12393798E- 02
. 11420363E+01
. 81824735E- 11

. 30417133E- 02
.41334291E+01
.59644171E- 11

. 34052084E- 02
. 73692060E+00
. 44476835E- 11

35842068E- 02
02846541E+00
21267105E-11

36577057E- 02
31845240E+01

. 64174480E- 02
. 41848666E+01
. 75602007E- 11

. 62963931E- 02
. 43825992E+00
.63707473E- 11

. 77337992E- 02
. 56389710E+00
. 81819493E- 11

. 85252265E- 02
. 77594633E+00
. 35402866E- 11

.07740138E-02
-1.
3

15613433E+01
12762429E- 11

29241735E- 03
64469649E+01

. 02341927E- 02
. 29856114E+00
. 86325507E- 11

. 27398510E- 02
.11884734E+01

.67817331E- 11

.43678209E- 02
. 22910017E+01
. 71285315E- 11

. 54211952E- 02
. 19862218E+00
.46198215E- 11

. 40061388E- 02
. 33490112E+01
. 19868293E- 11

. 43443222E- 02
. 14792587E+01
. 40685378E- 11

.01957416E- 06
. 24666571E+00
. 21284389E+04

. 62341683E- 06
. 36322505E+00
. 88365517E+04

. 73450586E- 06
. 33277282E+00
. 03404530E+04

. 86523676E- 06
. 82883324E+00
. 83786431E+04

. 90066661E- 06
. 15143774E+00
. 24689062E+04

. 85359278E- 06
. 57234000E+00
. 54899161E+03

. 82130800E- 06
. 83464468E+00
. 88717123E+02

. 24898046E- 06
. 08211458E+00
. 04074558E+04

. 63451675E- 06
. 17878202E+00
. 75779397E+03

.41974628E- 06
. 34772075E+00
. 44205640E+04

. 23673278E- 06
.31113539E-01
. 39839966E+04

. 65649593E- 06
. 11237192E+00
. 99713585E+03

. 60112009E- 06
. 98487241E+00

. 83297241E+03

. 15086817E- 06
. 70176691E+00
. 14713827E+03

. 50898157E- 06
. 25722402E+00
. 91616484E+03

. 00831912E- 06
. 54792894E+00
. 27709482E+02

. 08381081E- 06
. 70187196E+00
. 92845491E+03

= 01 o

SN

N AW HwWE Pl 0o U1 © ~N w o =N © = w~N w o~

= 010

H N0 N © 00 = = 0

~ U1 00

. 46920405E- 10 - 3. 86433056E- 14
. 76237942E-03 4. 42080338E- 05
. 33451493E+01

REF : R ROBI NSON 20/ 09/ 06

. 39605232E- 10 -4. 39893394E- 14
. 00030606E-02 1.22366530E- 05
. 71382540E+01

REF : BURCAT 20/ 09/ 06

. 55380897E-10 -4.48421084E- 14
.06102499E-02 2. 17559727E- 05
. 78922358E+00

REF : R ROBI NSON 20/ 09/ 06

. 83574439E-10 -4.68222090E- 14
. 99954001E- 04 4.44768198E-05
. 89995688E+00

REF : BURCAT 20/ 09/ 06

. 90436486E- 10 -4. 72860275E- 14
.80171682E-03 6. 14538989E- 05
. 48309194E+01

REF : R ROBI NSON 20/ 09/ 06

.40111948E-10 -5. 60727359E- 14

. 50916956E- 03
. 18019800E+01

REF :

. 35936829E- 10
. 29078952E- 03
. 53408013E+00

REF :

. 95389495E- 10
. 23240341E- 03

8.62737013E-05

BURCAT 20/ 09/ 06
-5.58603143E- 14
5. 05228001E- 05

BURCAT 20/ 09/ 06
-5.90199770E- 14
5. 13554466E- 05

. 87914100E- 10
. 05829116E-03
. 01743843E+01

. 44735077E- 10
. 40751550E-03 4. 81227535E- 05

. 39534919E+00

REF : R ROBI NSON 20/ 09/ 06

. 06844391E- 09 -6. 38396464E- 14
. 63182405E-02 9.96703136E-05
. 71632586E+00

REF : R ROBI NSON 20/ 09/ 06

.19269771E-09 -7.11713650E- 14
. 58595707E-03 6. 14128031E- 05
. 98218695E+00

REF : R ROBI NSON 20/ 09/ 06

. 58419038E-10 -2. 13415819E- 14
. 22486648E- 02
. 13631640E+01

- 6. 51735418E- 05
REF : BURCAT 20/ 09/ 06
- 3. 51359226E- 14
3. 17832265E- 05
REF : BURCAT 20/ 09/ 06
-4. 46993049E- 14

. 03960574E+01

REF : R ROBI NSON 20/ 09/ 06

. 30425063E- 10 -4. 96670802E- 14
.81714690E- 02 3. 24069942E- 05
. 78178812E+01

REF : BURCAT 20/ 09/ 06

. 85889862E- 10 -5. 28846399E- 14
.17612184E-03 7.61190493E- 05
. 23330599E+00

REF : R ROBI NSON 05/ 10/ 06

.03961104E- 10 -4. 79449403E- 14
. 02219530E- 03 6. 80989676E- 05
. 61588282E+00

REF : BURCAT 20/ 09/ 06

. 13200521E-10 -4.83673315E- 14
.51653762E-03 4. 27505858E- 05
. 12932590E+00
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C3H60

8. 95739587E+00
- 1. 65852904E+04
- 1. 04542243E- 07

AC3H60

7. 34483390E+00
-3.01532755E+04
-7.97481327E- 08

PC3H60

7. 49953799E+00
- 2. 60089832E+04
-7.93331121E- 08

C3H7Q(1)

8. 80421897E+00
-9. 96635265E+03
- 5. 24145601E- 08

CGHIQ(N)

8. 83565525E+00
- 8. 79968060E+03
- 6. 46689824E- 08

C3H60H

8. 30739359E+00
- 1. 06259963E+04
-9. 03375783E- 08

C3H700H( 1)

1. 20456150E+01
- 2. 93586148E+04
- 3. 73171105E- 08

C3H700H( N)

1. 13659898E+01
- 2. 69948187E+04
- 8. 74966515E- 08

C3H7O( 1)

1. 01751084E+01
- 1. 24254561E+04
- 6. 92781488E- 08

CGHTO(N)

1. 00126671E+01

-9. 88113441E+03

- 1. 03233840E- 07
C3H6OCH
1. 12645108E+01
- 2. 96405270E+03
- 1. 29121248E- 07
C4H
6. 80958026 E+00
9. 55410750E+04
1. 90475677E- 08
CcAHR
8. 68978130E+00
5.19942624E+04
8. 37959674E- 08
CAH3(N)
8. 67518979E+00
6. 19699844E+04
3. 09706868E- 08
CAH3( 1)
8. 51181244E+00
5. 71046116E+04
1. 83027765E- 08
cAH4
7. 98456038E+00
3. 11993029E+04
- 3. 91045446E- 09
CAH5( S)
9. 07499704E+00
3. 39249544E+04

f f
0 = 00 NN O

f
P (]

.60217198E- 02
. 45939234E+01
. 42460530E- 11

. 74962257E- 02
. 27759736E+01
.11400443E- 11

. 74385179E- 02
. 19306739E+01
.07213777E- 11

. 88114477E- 02
. 04194805E+01
. 17797338E- 11

. 89091891E- 02
. 84611914E+01
. 60236989E- 11

. 86672380E- 02
. 29498986E+01
. 39837757E- 11

. 00609758E- 02
. 37253315E+01
. 75843187E- 11

. 09104854E- 02
. 79668904E+01
. 55373150E- 11

. 99154854E- 02
. 34403543E+01
. 76014913E- 11

. 02489787E- 02
. 09357644E+01

.08206117E-11

. 83702458E- 02
. 41355971E+01
. 03582068E- 11

. 53720360E- 03
. 27742185E+00
. 00259472E- 12

. 69732229E- 03
. 20010465E+01
.80912179E- 11

. 99760032E- 03
. 87973407E+01
.10178201E- 12

. 03337808E- 03
.51017769E+01
. 81164203E- 12

. 20558816E- 02
. 67958975E+01
. 78133572E- 12

.40412416E-02
. 28554397E+01

. 65131014E- 06
. 12818440E+00
. 36496693E+04

. 28532764E- 06
. 14509588E+00
. 84186997E+04

. 27541492E- 06
. 53463757E+00
.43119275E+04

. 74383714E- 06
. 06975593E+00
. 85093901E+03

.80731617E- 06
. 11003655E+00
. 80904476E+03

. 65912831E- 06
. 01766675E+00
. 23620653E+03

. 14988442E- 06
. 33794019E+00
. 70062593E+04

. 54558182E- 06
. 72592798E+00
. 48944233E+04

.17577191E- 06
. 27854157E+00
. 03016894E+04

. 37478477E- 06
. 01899874E+00

. 70037244E+03

. 64465781E- 06
. 08227752E+01
. 32195120E+03

. 99731156E- 06
. 61853523E+00
. 67816455E+04

. 34774865E- 06
. 84768273E-01
. 36111160E+04

. 18870421E- 06
.12909471E- 01
. 38015128E+04

. 17602594E- 06
. 37964170E+00
. 83688723E+04

. 23587475E- 06
. 37368786E+00
. 30633344E+04

. 01355646E- 06
. 70299608E+00

=N O N w o N 01 W =N W |l el w = O RF [V RN WN - ~ OB (62 (ol ~NBRE wWh PR~ P = 0 ©

RN O

REF : BURCAT 20/ 09/ 06

. 01550505E- 10 -5. 35370086E- 14
.44261433E-03 6.99012101E- 05
. 64564771E+01

REF : R ROBI NSON 20/ 09/ 06

. 01447594E-09 -6.07151779E-14
.67026325E-04 6. 25054589E- 05
. 17376406E+00

REF : R ROBI NSON 20/ 09/ 06

. 01203640E- 09 -6.05432962E- 14
. 31251930E- 04 6.31224828E-05
. 89943422E+00

REF : R ROBI NSON 05/ 10/ 06

. 08690817E- 09 -6.49826929E- 14
.57818571E-02 3. 26769683E- 05
. 97686302E+00

REF : R ROBI NSON 05/10/ 06

. 09639726E- 09 -6.54627942E- 14
. 85648839E-03 4.56472212E- 05
. 49940565E+00

REF : R ROBI NSON 20/ 09/ 06

.06610221E- 09 -6.33929131E- 14
. 97669884E-03 7.66310473E- 05
. 99358603E+00

REF : R ROBI NSON 20/ 09/ 06

. 14410241E- 09 -6. 79756845E- 14
. 76687712E-02 1. 27589136E- 05
. 45478108E+00

REF : R ROBI NSON 20/ 09/ 06

.21408112E-09 -7.23348512E- 14
.00071376E-03 6. 31053345E- 05
. 57008863E+00

REF : R ROBI NSON 05/10/ 06

. 15641116E-09 -6.90571155E- 14
.67831116E-03 4.97219807E- 05
. 82502336E+00

REF : R ROBI NSON 05/10/ 06

.19344117E-09 -7.13933622E- 14
. 60956122E-04 7. 97640943E- 05

. 37035175E+00

REF : R ROBI NSON 05/10/ 06

.07024893E- 09 -6.38038186E- 14
. 44735606E-02 1. 06410370E-04
. 39762404E+01

REF : R ROBI NSON 20/ 09/ 06

. 23402907E- 10
. 42334896E- 02
. 65122775E+01

REF

. 72759231E- 10
. 33506727E- 02
. 09878997E+01
R. ROBI NSON 20/ 09/ 06
. 10080852E- 10
. 86307007E- 02
. 04653602E+01

REF :

REF

. 05276458E- 10
. 70498840E- 02
. 05464883E+01

REF

. 73646140E- 10
. 88801256E- 02
. 75941274E+01
R. ROBI NSON 20/ 09/ 06
. 05965772E- 10
. 89781109E- 02

REF :

-1. 94028936E- 14
- 2. 92435255E- 05

BURCAT 20/ 09/ 06
- 2. 20554548E- 14
- 9. 50805952E- 05

- 3. 03404906E- 14
-4.72486887E- 05

BURCAT 20/ 09/ 06
-2.99379699E- 14
-2.90761572E- 05

BURCAT 20/ 09/ 06
- 3. 99059864E- 14
-1.46863874E- 05

-4.81032062E- 14
-4. 25871048E- 06
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-1.81301166E- 08
CAH5( T)

8. 11183574E+00

4.00134524E+04
- 4. 84612551E- 08
CAH5( 1)

8. 58761100E+00

3. 40836919E+04
- 2. 63989791E- 08
CAHB( S)

8. 13872997E+00

1. 55467985E+04
- 4. 81598832E- 08
CAHB( T)

7. 62637466E+00

9. 55306395E+03
- 8. 05950198E- 08
CAHB( F)

8. 69736431E+00

1. 59826676E+04
- 1. 84254439E- 08
CAHB( B)

8. 43096095E+00

2. 66115375E+04
- 6. 34679968E- 08
CAHG(M

7. 26055302E+00

1. 39644246E+04
- 6. 64726627E- 08
CAHT(1)

8. 97924987E+00

1. 19605358E+04
- 3. 58385260E- 08
CAHT(N)

8. 49073768E+00

2. 04659294E+04
- 8. 54203458E- 08
CAH7(S)

8. 77047624E+00

1. 20695085E+04
- 8. 30895850E- 08
cAHB(1)

8. 06269034E+00
- 6. 16389292E+03
- 8. 20550258E- 08
CAHB(N)

8. 37176539E+00
- 4. 28560037E+03
- 1. 01585586E- 07
CAHB( S)

7. 88750247E+00
- 5. 45955297E+03
- 1. 09617044E- 07
cAHI( 1)

9. 61250942E+00

4. 15218608E+03
- 5. 96398514E- 08
CAHO( T)

6. 72557390E+00

2. 57430692E+03
- 1. 25717030E- 07
CAHI(N)

8. 97401527E+00

5.19161526E+03
- 9. 24799302E- 08
CAHI( S)

7. 72287211E+00

4.15004489E+03

. 05682649E- 11

. 42276370E- 02
. 52704514E+01
. 10628469E- 11

. 42683804E- 02
. 96196761E+01
. 34432880E- 11

. 68655431E- 02
. 77959041E+01
. 11295844E- 11

. 72523403E- 02
. 48325259E+01
.27447711E- 11

. 65073792E- 02
. 07144041E+01
. 00553840E- 11

. 68899025E- 02
. 04239627E+01
. 70302044E- 11

. 80160845E- 02
. 29484347E+01
. 56305331E- 11

. 89314502E- 02
. 22521993E+01
. 74763632E- 11

. 91056974E- 02
. 74555814E+01
. 45890031E- 11

. 92187729E- 02
. 08842606E+01
.41361824E- 11

. 20765179E- 02
. 83725208E+01
. 21220767E- 11

. 17689316E- 02
. 81843440E+01
. 02781850E- 11

. 22988814E- 02
. 70739220E+01
. 18667549E- 11

. 28581786E- 02
. 66485099E+01
. 58980820E- 11

. 53649194E- 02
. 89920414E+00
. 75543216E- 11

. 39704154E- 02
. 31075609E+01
. 74006099E- 11

.43427284E-02
. 43949625E+01

. 61876524E+04

. 02419535E- 06
. 28605952E+00
. 19222504E+04

. 04812095E- 06
. 00881066E+00
. 62069792E+04

. 97324908E- 06
. 90828336E+00
. 75928783E+04

. 09184911E- 06
. 10599669E+00
. 15092468E+04

. 87610730E- 06
.11600152E+00
. 81079466E+04

. 04874596E- 06
. 94003921E+00
. 89234985E+04

.47062409E- 06
. 39211846E+00
. 55148209E+04

. 74883879E- 06
. 01003603E+00
. 46483074E+04

. 74370664E- 06
. 07355313E+00
. 24615054E+04

. 87542705E- 06
. 16630233E+00
. 43921546E+04

.90114313E- 06
. 16031440E+00
. 13902874E+03

. 77572559E- 06
. 48963814E+00
. 15478324E+03

. 99637187E- 06
. 85844649E+00
. 62153801E+03

. 06391309E- 06
. 34476784E+00
. 66201200E+03

. 05306262E- 06
. 45910754E+00
. 43420391E+03

. 48703645E- 06
. 73737837E+00
. 57382332E+03

. 65476475E- 06
. 42089393E+00

N o1 0 (S22 N W PN =P o =N © 0o U1 © =~ © = N 0o = = 00

W

O N

»H OB

. 64121819E+01

REF

. 00816580E- 10
. 43352325E-02
. 26653969E+01

REF :

. 06555355E- 10
. 50340684E- 02
. 59913722E+01

REF :

. 54915173E- 10
. 79025349E- 02
. 23118106E+01

REF :

. 70800102E- 10
. 05575563E- 03
.42978067E+00
R. ROBI NSON 20/ 09/ 06
. 42570499E- 10
. 84863898E- 02
.47677382E+01
R. ROBI NSON 20/ 09/ 06
. 74340249E- 10
. 44314059E- 02
. 20214885E+01

REF :

REF :

REF :

BURCAT 20/ 09/ 06
-4. 75459802E- 14
2. 78456642E- 05

BURCAT 20/ 09/ 06
-4.79335634E- 14
4.47930427E- 06

BURCAT 20/ 09/ 06
-5.67693708E- 14
2.61486503E- 05

BURCAT 20/ 09/ 06

-5.76169721E- 14
5. 83885454E- 05

-5.61671362E- 14
-2.01729179E- 06

-5.82343628E- 14
3. 92545706E- 05

BURCAT 20/ 09/ 06

.04411453E-09 -6.24741250E- 14
. 98346178E-03 5. 22542032E- 05
. 71080366E+00

REF : R ROBI NSON 05/ 10/ 06

. 08370764E-09 -6.46277001E- 14
. 02533518E-02 9.27971616E- 06
. 13831640E+01

REF : BURCAT 05/ 10/ 06

.07343267E-09 -6.36251837E-14
. 27619329E- 03 6. 23441322E- 05
. 60318035E+00

REF : R ROBI NSON 05/ 10/ 06

. 10663532E-09 -6.61028746E- 14
. 96330982E-03 5. 79781450E- 05
. 26375850E+00

REF : R ROBI NSON 05/10/ 06

.27198170E-09 -7.59864193E- 14
.63178326E-03 6.25749118E- 05
. 60924249E+00

REF : R ROBI NSON 05/10/ 06

. 24747571E-09 -7.43321930E- 14
. 37802066E-03 7. 79778572E- 05

. 42836316E+00
R. ROBI NSON 05/ 10/ 06
. 28899533E- 09
.51094213E- 03
. 07345440E+00

REF :

REF :

. 28556553E- 09
. 31869650E- 02
. 68860372E+00

REF :

. 45474620E- 09
. 02015930E- 02
. 30648608E+00

REF :

. 35644127E- 09
. 69051565E- 03
. 91063455E+00

REF :

. 38712529E- 09
. 12146870E- 04

-7.70725949E- 14
9. 08047195E- 05

BURCAT 05/ 10/ 06
-7.62730799E- 14
3. 28261040E- 05

BURCAT 05/ 10/ 06
-8.67934112E- 14
1. 06310577E- 04

BURCAT 05/ 10/ 06
- 8. 06234913E- 14
6. 63846383E- 05

BURCAT 05/ 10/ 06
- 8.26084187E- 14
8. 84998581E- 05
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Appendix B

1. 12115531E- 07
CAHLO( N

8. 92213454E+00
- 1. 98790900E+04
- 1. 19284063E- 07
CAHLO(1)

9. 76991697E+00
- 2. 14052667E+04
- 1. 14647616E- 07
CAH20

9. 40908701E+00

2. 24615264E+04

4.03137307E- 08
CAHAO

9. 61322922E+00

5. 87078239E+02
- 6. 80589897E- 08
XCAH50

1. 00109193E+01

3. 70525874E+03
- 4. 74581120E- 08
YCAH50

1. 05082001E+01
-5.18511078E+02
- 5. 57675403E- 08
BC4HEO

1. 04017539E+01
-1. 75011636E+04
-3.81207793E- 08
ACAHB0

1. 06955708E+01
- 3. 74306952E+03
- 4. 30249223E- 08
CAHTQ( X)

1. 03519991E+01

1. 75561028E+03
- 7. 94047836E- 08
CAHIA(M

9. 95812346E+00
-1. 17601480E+04
- 4. 97395546E- 08
CAHBQ( X)

1. 01453808E+01
- 2. 18459352E+04
-9. 10021090E- 08
GAHA(M

9. 74197781E+00
- 3. 08246201E+04
-9. 87341435E- 08
CAHBOH( 1)

1. 20408349E+01
- 1. 47279195E+04

1. 29922560E- 09
CAHIO

1. 58754061E+01
- 3. 37499714E+04
-1. 06870642E- 07
C5H

0. 86957493E+01

0. 90310687E+05
-0. 10465111E- 07
C5H2

0.11329175E+02

0. 78787062E+05
-0.12727451E- 07
C5H3( L)

0. 10296658E+02

0. 63439389E+05

. 38222782E-11

. 62597428E- 02
. 23198916E+01
. 65100207E- 11

. 54997141E- 02
. 00329670E+01
. 64569994E- 11

. 64021882E- 03
. 18745001E+01
. 28501835E- 11

. 39225141E- 02
. 66451271E+01
. 00845106E- 11

. 56609245E- 02
. 37578616E+01
.00717803E- 11

. 56939134E- 02
. 90238850E+01
.45205321E- 11

. 91801473E-02
. 00059373E+01
. 63656642E- 11

. 76034072E- 02
. 07187354E+01
. 02031524E- 11

. 03385849E- 02
.59117862E+01
. 26679573E- 11

. 00549144E- 02
. 24695101E+01
.07620847E- 11

. 30313259E- 02
. 86842582E+01
. 66436878E- 11

.30221779E- 02
. 35538706E+01
. 83292752E- 11

. 27109222E- 02
. 27518521E+01
. 68598392E- 12

. 45143718E- 02
. 87350426E+01
. 21108331E-11

. 60543008E- 02
. 21029110E+02
. 88099883E- 11

. 74240565E- 02
. 36184340E+02
.91672191E- 11

.10470124E- 01
. 27338507E+02

. 28927311E+03

.42142441E- 06
. 84977207E+00
. 76822354E+04

. 14142587E- 06
. 45479140E+00
. 84593929E+04

. 12908612E- 06
. 15973548E+00
. 41419803E+04

. 05874715E- 06
. 78782779E+00
. 50676877E+03

. 64859331E- 06
. 01239905E+00
. 79705805E+03

. 67000455E- 06
. 28894051E+00
. 20378942E+03

. 15850045E- 06
. 94073764E+00
. 49548630E+04

. 31551730E- 06
. 43462425E+00
. 90012699E+02

. 35907392E- 06
. 80290347E+00
. 37998505E+03

. 19396488E- 06
. 68146299E+00
. 47693435E+03

. 27843616E- 06
. 91524246E+00
. 91042078E+04

. 28513329E- 06
. 85713509E+00
. 85711183E+04

. 09318390E- 06
. 50432963E+00
. 21533089E+04

. 02792662E- 06
. 20350104E+01
. 11855572E+04

. 20160105E- 05
. 16348248E+01
. 92124875E+05

. 26281887E- 05
. 30623217E+01
. 81149687E+05

. 37746103E- 05
. 15946538E+01

OO0 NAR RPAR RRRE MApRR 0RRFE ORR RNRFER ONR RRPRO UUIRO RRP®O PO MOR WRERE

[eNoNe]

. 04210029E+00

REF : R ROBI NSON 05/10/ 06

. 51500444E- 09 -9. 03538061E- 14
. 75116891E-03 9. 48605428E- 05
. 51832851E+00

REF : BURCAT 05/ 10/ 06

.47328201E- 09 -8.80799697E- 14
. 26058864E-03 8. 29886433E- 05
. 92740653E+00

REF : R ROBI NSON 20/ 09/ 06

.07868742E-10 -3. 05160749E- 14
. 72020987E-02 -5. 14278090E- 05
. 37260239E+01

REF : R ROBI NSON 20/ 09/ 06

. 23043284E- 10 -4. 95420588E- 14
. 73722022E-02 3. 80649464E- 05
. 78264604E+01

REF : R ROBI NSON 05/ 10/ 06

. 14217653E- 10 -5. 48218361E- 14
. 50193265E-02 2.82372524E- 05
. 56182744E+00

REF : R ROBI NSON 05/ 10/ 06

. 18897935E- 10 -5.51590124E- 14
. 95544826E-02 2. 97994330E- 05
. 20012623E+01

REF : R ROBI NSON 05/ 10/ 06

.17439803E-09 -7.08810109E-14
. 32480563E-02 1.80932390E- 05
. 92065946E+00

REF : R ROBI NSON 20/ 09/ 06

. 01520407E- 09 -6. 05533529E- 14
. 77197540E-02 1.56055031E-05
. 48831206E+01

REF : R ROBI NSON 05/ 10/ 06

. 18946887E-09 -7.11844228E-14
. 26829060E-02 5.37008113E-05
. 22571029E+00

REF : R ROBI NSON 05/ 10/ 06

. 15740437E-09 -6.91060030E- 14
.86787473E-02 2.95246310E- 05
. 75509363E+00

REF : R ROBI NSON 05/10/ 06

. 33674487E-09 -8. 00286667E- 14
.07110614E-02 6.48871041E-05
. 78044074E+00

REF : R ROBI NSON 05/10/ 06

. 33580581E- 09 -7.98631500E- 14
. 73287406E-03 7. 75498242E- 05
. 49989282E+00

REF : R ROBI NSON 05/10/ 06

. 29534127E-09 -7.69845061E- 14
. 36215967E-02 -2. 32342059E- 05
. 21840368E+01

REF : R ROBI NSON 05/10/ 06

.47136702E- 09 -8.84192089E- 14
.07786695E-03 8. 13917304E- 05
. 14156628E+01

REF : BURCAT 24/09/07

. 28928926E- 09 -0. 14700995E- 13
. 25095381E-01 -0. 12066364E- 04
. 15135100E+02

REF : BURCAT 24/09/07

. 40825410E- 09 -0.23013326E- 13
. 27099982E-01 -0. 10091697E- 04
. 70842413E+01

REF : BURCAT 24/09/07

.61077326E-09 -0. 36621089E- 13
. 43378369E- 01 -0.56253789E- 04
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0. 41304029E-07 -0.12456939E-10 0. 65491079E+05

C5HA( L)
1. 05272273E+01

C5H5
1. 08491980E+01
2. 64320961E+04

- 5. 81600874E- 08

C5H5(1)

1. 23767441E+01

5. 69143625E+04

4.06793719E- 10

C5HB( L)

9. 59529027E+00

2.52114864E+04
-5.56537037E- 08

C5H6
1. 01131403E+01
1. 13288676E+04

- 1. 04819105E- 07

C5H7(1)

7. 17295000E+00

3. 43404120E+04

3. 85395000E- 09

C5H7
1. 05539442E+01
1. 53795928E+04

- 1. 19683376E- 07

C5H7(L)

0. 18941353E+02

0. 18109184E+05

0. 00000000E+00

C5H8
9. 86592030E+00

-9. 59855751E+02
- 1. 53500143E- 07

C5HB( 1)

1. 26178849E+01

4. 78553010E+03
- 9. 15599235E- 08

C5HI( A)

1. 02387504E+01

8. 03598745E+03
- 8. 88205873E- 08

C5H( B)

1. 16475532E+01

9. 02167848E+03
- 6. 82161902E- 08

C5HL0( A)

1. 05001829E+01
- 9. 52157434E+03
-8.91019491E- 08

C5H10( B)

9. 93522662E+00
- 1. 00942898E+04
- 1. 15578710E- 07

C5HL1(T)

1. 01825195E+01
-1.17151228E+03
-1.76147687E- 07

C5HACH
1. 36752494E+01
4.95232766E+03

- 2. 83448443E- 08

C5HA0
1. 16281545E+01
1. 35657386E+03

200K- 6000K REF

1. 27467546E- 02 -4.54905408E- 06
4.70599415E+04 - 2. 84644483E+01 5.99684934E-01
3. 15166007E-08 -7.62922870E-12 4.94837602E+04

1.
- 3.
2

1.
- 3.
6

1.
- 2.
2

1.
- 3.
4.

2
- 8.
- 6.

2
- 3.

53713657E- 02
52284407E+01
90666197E- 11

33125781E- 02
79040748E+01
43178251E-12

86098051E- 02
38846887E+01
35127842E-11

87180456E- 02
27694463E+01
56499177E- 11

74828000E- 02
47072535E+00
81935000E- 14

10410274E- 02
40182093E+01

. 09986302E- 11

. 85102411E-02
. 78403470E+02
. 00000000E+00

.44020184E-02
. 13231941E+01
. 29245445E- 11

. 04825855E- 02
.17166324E+01
.16107984E- 11

. 62103815E- 02
. 67338239E+01
.67775696E- 11

. 42158386E- 02
.46927661E+01
. 98010023E- 11

. 75643169E- 02
. 86285984E+01
. 62897286E- 11

. 80726324E- 02
. 65246769E+01
.47491318E- 11

. 02340266E- 02
.42477873E+01
. 78107372E- 11

.52162113E- 02
. 79581152E+01
.81113865E- 11

. 47998088E- 02
. 80263557E+01

G3wi t hG3B3Heat of For mat i on 200K- 6000K REF

-5.55119834E- 06
-1.12762243E+00
3. 02130502E+04
200K- 6000K REF
-4. 74652058E- 06
4.02036903E- 01
6. 00378092E+04
200K- 6000K REF
-6.68618072E- 06
4.10249044E+00
2. 75445653E+04
200K- 6000K REF
- 6. 75847566E- 06
5. 92562815E-01
1. 50470513E+04
200K- 6000K REF
-1. 25234000E- 05
2. 70639000E+00
3. 57297975E+04
200K- 6000K REF
. 60264581E- 06
1. 51100557E+00
1. 91867221E+04

. 14014643E- 05
. 56457147E+00
0. 24904574E+05
200K- 6000K REF
- 8. 82789062E- 06
2.50933871E+00
2. 86394578E+03
200K- 6000K REF
-7.27655362E- 06
2.51337826E+00
8. 38349742E+03
200K- 6000K REF
-9. 61636547E- 06
4. 25891338E+00
1. 08830148E+04
200K- 6000K REF
-8. 73709605E- 06
4.24094102E+00
1. 19508500E+04
200K- 6000K REF
-9. 91309486E- 06
4.70682242E+00
-6. 61782541E+03
200K- 6000K REF
-1. 00775991E- 05
6. 85180867E+00
-7.52818050E+03 -
200K- 6000K REF
-1. 09144648E- 05
9. 30810413E+00 -
1. 38991968E+03 -
200K- 6000K REF
-5.52789930E- 06
-1.20148288E+00
9. 28350067E+03
200K- 6000K REF
-5.37621419E- 06
-2.83091176E-03

0

e

[eNoNe]

15644812E+02
G3VP2B3 R. ROBI NSON 30- Cct - 07

.31127121E-10 -4. 36321667E- 14
. 72382712E-02 -5. 23129053E- 05
. 11375685E+01

R. ROBI NSON 22- Apr - 08

. 99523521E-10 -5.39951842E- 14
.43596094E-02 1. 73763744E-05
. 94588572E+01

CBS- B3 R ROBI NSON 24- Apr - 08

. 58879775E-10 -4.50797047E- 14
. 74761735E-02 - 3. 30601849E- 05
. 33056553E+01

G3B3 R. ROBI NSON 07- Aug- 07

. 07930396E-09 -6.46016547E-14
. 70779364E-02 3.34941096E- 05
. 51660798E+00

G3B3 R. ROBI NSON 13- Mar - 07

. 09493046E-09 -6.57129588E- 14
.81067404E-02 6.35718117E-05
. 23183055E+01

G3B3 R. ROBI NSON 07- Aug- 07

.51195000E-09 -1. 83816000E-13
. 76025000E- 02 -1.95473000E- 05
. 52991891E+01

G3B3 R. ROBI NSON 15- Mar - 07

. 23216241E-09 -7. 39648585E- 14
.47703124E-02 7.75539517E-05
. 96776449E+01

. 00000000E+00 0. 00000000E+00
.48115796E- 01 -0.23131123E- 04
. 27439042E+02

G3B3 R. ROBI NSON 13- Mar - 07

.43181832E-09 -8.59919666E- 14
.82798417E-03 1.11024150E-04
. 60336382E+01

G3B3 R ROBI NSON 29- May- 07

. 16254450E- 09 -6. 90540663E- 14
. 62954561E-02 4. 80576980E- 05
. 50903564E+01

G3B3 R. ROBI NSON 29- May- 07

. 56028890E- 09 -9. 34073089E- 14
. 73539089E-02 5. 87298434E- 05
. 01660095E+01

G3B3 R. ROBI NSON 29- May- 07

.40732927E- 09 -8. 39543416E- 14
. 53634639E-02 3. 72604538E- 05
. 06049917E+00

G3B3 R. ROBI NSON 06- Jun-07

.59706130E- 09 -9.53724218E- 14
. 70738409E-02 6. 06846510E- 05
. 71884933E+00

G3B3 R. ROBI NSON 06- Jun-07

. 62568308E- 09 -9. 72552799E- 14
.28456171E-03 9. 11518952E- 05
. 19532254E+00

G3B3 R. ROBI NSON 06- Jun-07

. 76329609E- 09 -1.05510064E- 13
. 62593976E-02 1. 46448111E-04
. 07080433E+00

G3B3 R. ROBI NSON 29- Mar - 07

. 99389731E-10 -5.41428455E- 14
. 86464089E-02 - 1. 30026599E- 05
. 03205893E+01

G3B3 R. ROBI NSON 13- Mar - 07

. 74710788E- 10 -5. 26577627E-14
.43473269E-02 1.05744670E- 05
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-4. 66599559E- 08
C5H50
0.12711510E+02
0. 66172961E+04
-0. 67844135E- 07
C5H500
1.42226314E+01
1. 96213722E+04
-1.06778175E- 07
C5H5CH
1. 38018850E+01
-7.03744252E+03
- 6. 34680356E- 08
C6H2
1.11167234E+01
7. 86280484E+04
5.80414115E- 08
C6H3
1. 29646245E+01
8. 56896329E+04
8. 23077695E- 08
CoH4
1. 05707063E+01
5. 04976657E+04
- 6. 53230986E- 08
CoHAL
1. 26801074E+01

5. 78931791E+04
5. 62489114E- 08
BH5( A)
1. 33608611E+01
6. 39400509E+04
4. 82579599E- 08
OBH5( B)
1. 48931797E+01
6. 69001550E+04
- 1. 38310583E- 09
oBH5
1. 14565087E+01
3. 60343704E+04
- 8. 64753186E- 08
CB6HB( A)
1. 36500711E+01
4.44410108E+04
3. 46367151E- 09
C6H6( B)
1. 27658744E+01
4. 45731479E+04
- 7.63977524E- 09
C6H6( D)
07
1. 48965378E+01
3. 49812229E+04
- 5. 64718054E- 08
OBHB( S)
1. 46022188E+01
4. 14784695E+04
- 2. 70994349E- 08

CBHB( F)
1. 21895898E+01
2. 02202826E+04

-7.69207160E- 08

C6H6( M
1. 25877237E+01
3. 51088063E+04

-5.29412523E- 08

.36147951E- 11

.16650171E- 01
.43161680E+02
. 32508364E- 10

. 75152612E- 02
. 66729070E+01
. 65228276E- 11

. 72092529E- 02
. 91661999E+01
.41308062E- 11

. 69979976E- 03
. 13759648E+01
. 68775653E- 11

. 05759186E- 02
. 56595296E+01
. 70183424E- 11

. 56860613E- 02
. 32563927E+01
. 96082142E- 11

. 34374251E- 02

. 84682066E+01
. 60955867E- 11

. 49335995E- 02
. 83416826E+01
. 37620769E- 11

. 37493189E- 02
. 98647517E+01
. 25092729E- 12

. 77093641E- 02
. 8528366 7E+01
.89417961E- 11

. 74518735E- 02
. 30034010E+01
. 94777069E- 12

. 82379363E- 02
. 74802751E+01
.51682971E- 12

. 64872725E- 02
. 19034433E+01
. 83103215E- 11

. 67304256E- 02
. 99135626E+01
. 74294560E- 11

. 95046414E- 02
. 26337898E+01
.60547717E- 11

. 90952438E- 02
. 32640698E+01
. 65892171E-11

5. 04708261E+03

-0.60741189E- 05
0. 45438248E- 01
0. 10797244E+05

200K- 6000K REF

- 6. 40305264E- 06
4.03772698E+00
2. 35429815E+04

200K- 6000K REF

-6.11269503E- 06

-1.13448598E+00

-2.65979172E+03

200K- 6000K REF

- 3. 49004981E- 06

-4.73261257E-01
8. 11517592E+04

200K- 6000K REF

-3.77023128E- 06
1. 36849693E+00
8. 80637205E+04
0- BENZYNE

-5.68267148E- 06
7.21604591E-01
5. 39797980E+04

200K- 6000K REF

-4.78401266E- 06

2

1. 36749388E- 01
6. 07596914E+04
200K- 6000K REF
- 5. 38331240E- 06
1. 55766331E+00
6. 67841381E+04
200K- 6000K REF
- 4. 90394555E- 06
7.53536133E-01
7. 05934868E+04
200K- 6000K REF
-6.44201438E- 06
-6. 64246625E- 03
4. 01343585E+04
200K- 6000K REF
-6.31301878E- 06
1. 74187936E+00
4.77704725E+04
200K- 6000K REF
. 59535455E- 06
. 19981510E+00
. 76970262E+04

200K- 6000K REF :

.90741622E- 06
. 28698860E+00
. 89510057E+04
200K- 6000K REF
-6. 08012037E- 06
1. 15004104E+00
4.53844375E+04

3

200K- 6000K REF
-7.03416458E- 06
- 2. 35057858E-01
2.44318628E+04

200K- 6000K REF
-6. 87307907E- 06
2.56250451E- 01
3. 90616716E+04

.47228122E+01

BURCAT 13- Mar - 07
. 99090150E- 09 -0.59758183E-13
.33871750E-01 0. 25637288E-04
. 26058142E+02
G3B3 R ROBI NSON 15- Mar - 07
. 04200860E- 09 -6.26515921E- 14
. 80835145E-02 6. 44483027E- 05
. 19816804E+01
G3B3 R ROBI NSON 15- Mar - 07
. 79577036E-10 -5. 83486016E- 14
.58163497E-02 1. 04750370E- 05
. 00448818E+01
&3 R. ROBI NSON 04- Jun- 08
.64122418E- 10 -3. 38030377E-14
.61811081E-02 -7.90149003E- 05
.50177740E+01
G3B3 R. ROBI NSON 25- May- 07
. 05639149E- 10 -3. 61341970E-14
. 19812015E- 02 -9. 82993088E- 05
. 98144459E+01
OK- 6000K REF : G3B3 BURCAT
. 22956737E-10 -5.54966417E- 14
.47976151E-02 3.16372209E- 05
. 16733825E+01
G3B3 R. ROBI NSON 08- Aug- 07
.67759645E-10 -4.57749413E- 14

. 13125097E-02 -7.95470793E- 05
. 32034252E+01

G3B3 R. ROBI NSON 06- Jun-07
. 70337474E-10 -5.21352783E- 14
. 78077255E-02 -7.01319214E- 05
. 03237088E+01

G3B3 R. ROBI NSON 06- Jun-07
. 85066443E-10 -4. 67065445E- 14
.37019231E-02 - 3. 68463678E- 05
. 24753680E+01

G3B3 R ROBI NSON 19- Mar - 07
. 04899091E- 09 -6.31832290E-14
. 64038690E- 02 4. 48459620E- 05
.57413079E+01

G3B3 R. ROBI NSON 29- May- 07
. 02314365E-09 -6. 13964652E- 14
. 95354683E- 02 -3.29381168E- 05
. 86686267E+01

G3B3 R. ROBI NSON 06- Jun- 07
. 06869756E-09 -6.41213620E- 14
. 34694277E- 02 -2.01332649E- 05
. 80525270E+01

G3B3 R. ROBI NSON 29- Cct -

.49118132E-10 -5. 66082426E- 14
. 70898548E-02 1. 51535445E- 05
.61157498E+01

G3B3 R. ROBI NSON 29- May- 07
. 88196740E-10 -5.94101913E- 14
. 70506058E-02 -1.23493573E- 05
. 08155548E+01

G3B3 R. ROBI NSON 19- Mar - 07
. 13879769E- 09 -6. 83157498E- 14
. 38024640E-02 3.30290867E- 05
. 58522534E+01

G3B3 R. ROBI NSON 19- Mar - 07
.11119217E- 09 -6.65937919E- 14
.90023715E-02 1. 29479000E- 05
. 34546412E+01
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C6H6
1. 13666933E+01
4.52666630E+03

- 1. 08316455E- 07

CBH7
1. 23338010E+01
1. 92360666E+04

-1. 00348133E- 07

CBH7(L)

1. 68702156E+01
4. 43145917E+04
-9.20661197E- 08

C5HACH3
1. 24476217E+01
2. 04084826E+04

- 8. 02365832E- 08
o6H8

1. 18161918E+01

6. 94418806E+03

- 1. 24246815E- 07

C5H5CH3
1. 28684461E+01
7.12182042E+03

- 1. 19384342E- 07

C6H3R
1. 51915951E+01
1. 12656245E+04

-7.51782629E- 09

C6H3CB

1. 74177458E+01
- 2. 28280418E+04
-7.28416129E- 10

C6H5CH

1. 46414690E+01
- 1. 65950023E+04
- 6. 99372749E- 08

C6H50
1. 37326455E+01
1. 07830189E+03

-7.12459156E- 08
cBHACR

1. 50535698E+01
- 2. 12124800E+04
-3.18237578E- 08

CB8H500
1. 63022037E+01
1. 09994191E+04

-8.33110188E- 08

CBH500H

1. 70218621E+01
-7.70247401E+03
-5.13970113E- 08

C7H5
1. 49448053E+01
5. 09198929E+04
4. 31530589E- 09

C7H6
0. 98222523E+01
0. 39350844E+05
0. 18895387E- 07

CBH5C
1. 41262353E+01
6. 77605763E+04

- 8. 70786602E- 08

C6H5CH
1. 39987971E+01
5. 04105003E+04

. 04079721E-02
. 14111483E+01
. 73992187E- 11

. 22625674E-02
. 36413477E+01
. 45687256E- 11

. 72634805E- 02
. 27561110E+01
. 38852212E- 11

. 15029689E- 02
. 11056808E+01
. 65591080E- 11

. 54108479E- 02
. 21338291E+01
. 26821611E-11

. 38025614E- 02
.59786731E+01
. 21980809E- 11

. 46748024E- 02
. 25491166E+01
. 83473610E- 12

. 54590628E- 02
. 29444157E+01
.67374018E- 12

. 94932405E- 02
. 37200677E+01
. 45765647E- 11

. 84244924E- 02
. 93708126E+01
. 38931483E- 11

. 74168758E- 02
. 50096707E+01
. 81067093E- 11

. 85033368E- 02
. 92010142E+01
. 96825851E- 11

. 96332619E- 02
. 32603258E+01
. 86991080E- 11

. 69815759E- 02
. 35861988E+01
. 40826637E- 12

. 33532158E- 01
. 23534618E+02
. 27898133E- 11

. 80237245E-02
. 93634930E+01
. 94549028E- 11

.10115301E- 02
. 07316398E+01

200K- 6000K REF
-7.39919697E- 06
9. 69438736E-02
8. 82216986E+03
200K- 6000K REF
-8.07486797E- 06
2.42231177E-01
2.37102853E+04
200K- 6000K REF
- 6. 25732251E- 06
2.07404306E+00
4.91369816E+04
200K- 6000K REF
-7.75134839E- 06
8. 36909343E- 01
2. 45236619E+04
200K- 6000K REF
-9. 20915524E- 06
1. 28995501E+00
1. 13601162E+04
200K- 6000K REF
-8.57820021E- 06
1. 28310910E+00
1. 15959246E+04
200K- 6000K REF
-5.42163659E- 06
3. 18403948E- 01
1. 55741843E+04
200K- 6000K REF
-5.72711684E- 06
7.76897049E- 01
-1. 80689237E+04
200K- 6000K REF
-7.02116352E- 06
-5.64771978E-01
-1.17365183E+04
200K- 6000K REF
-6. 71682550E- 06
- 9. 78096054E- 02
5. 68218891E+03
200K- 6000K REF
- 6. 39478550E- 06
4.98149162E- 01
-1.67049843E+04
200K- 6000K REF
- 6. 79432980E- 06
8. 78266943E-01
1. 60845838E+04
200K- 6000K REF
-7.09504317E- 06
-1.06714347E-01
-2.59867312E+03
200K- 6000K REF
- 6. 11230385E- 06
-1. 76307160E+00
5.53922611E+04

- 0. 18960140E- 04
0.10617721E+01
0. 41581770E+05

200K- 6000K REF

- 6. 56048441E- 06
1. 92634259E+00
7.20701846E+04

200K- 6000K REF
-7.74130392E- 06
-1.42752653E-01

wWwo -

[eNoNe]

G3B3 R. ROBI NSON 15- Mar - 07

. 20214373E-09 -7.22929443E- 14
. 29318584E-02 6.33937535E-05
. 31554832E+01

G3B3 R. ROBI NSON 15- Mar - 07

.31213477E-09 -7.89120659E- 14
.86715106E-02 5.46203889E- 05
. 48525327E+01

G3B3 R ROBI NSON 29- Cct - 07

. 00976679E- 09 -6. 03669209E- 14
.61323587E-02 3.88002702E- 05
. 80934521E+01

G3B3 R ROBI NSON 29- Mar - 07

. 25437737E-09 -7.52224739E- 14
.18167267E-02 3. 84022363E- 05
. 37127995E+01

G3B3 R ROBI NSON 15- Mar - 07

. 49551515E- 09 -8.98979453E- 14
.03667087E-02 7.93314916E- 05
. 00737498E+01

G3B3 R. ROBI NSON 19- Mar - 07

. 38790503E- 09 -8.32166735E- 14
.47381989E-02 7. 05624489E- 05
.07311292E+01

G3B3 R. ROBI NSON 29- Mar - 07

. 92003180E-10 -5.41138909E- 14
. 12223736E-02 -2. 75750371E- 05
. 53014412E+01

G3B3 R. ROBI NSON 19- Mar - 07

.43993385E-10 -5. 73410135E- 14
. 80164093E-02 -3.67022863E- 05
. 38114327E+01

G3B3 R. ROBI NSON 07- Aug- 07

. 13603259E- 09 -6.81317840E- 14
. 33464039E-02 2. 07605251E- 05
. 86068445E+01

G3B3 R ROBI NSON 15- Mar - 07

. 09539441E- 09 -6.60492978E- 14
. 71196938E-02 2. 68005407E- 05
. 63366728E+01

G3B3 R. ROBI NSON 19- Mar - 07

.04778871E-09 -6. 33840383E-14
. 66938856E- 02 -6.41492151E- 06
. 26833299E+01

G3B3 R ROBI NSON 29- Mar - 07

. 10923299E- 09 -6. 68544424E- 14
.92775211E-02 3. 25262349E- 05
.51120238E+01

G3B3 R ROBI NSON 04- Cct - 07

. 14641152E- 09 -6. 86057418E-14
.42672219E-02 -8. 24717731E- 07
. 76131116E+01

G3B3 R ROBI NSON 29- Mar - 07

. 88416374E- 10 -5. 92520096E- 14
. 38163332E- 02 -4.60335922E- 05
. 22277699E+01

.51221400E-08 -0.52916027E-12
. 60266692E- 01 -0. 48446786E- 04
. 20963522E+02

G3B3 R ROBI NSON 29- Mar - 07

.06877362E-09 -6.43967261E-14
. 85073680E-02 4.37838991E- 05
. 87571979E+01

G3B3 R. ROBI NSON 01- Nov- 07

. 26828964E-09 -7. 66390696E- 14
.86171141E-02 3.12258253E- 05
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-7. 78471033E- 08
C7H?
1. 44185062E+01
1. 90472689E+04
- 6. 85453132E- 08
C7H7L
1. 46529322E+01
4.77231917E+04
-9. 78136681E- 08
C7H7P
1. 33211864E+01
3. 12684833E+04
-1. 01673075E- 07
C7H8
1. 32565954E+01
-5. 1560176 7E+02
- 1. 23066209E- 07
CBH5CO
1. 50802910E+01
7.49341908E+03
-7. 75153854E- 08
C7H60

1. 53113995E+01
- 1. 18489313E+04
-9. 26018106E- 08
C7H70O

1. 58869165E+01

7. 64485078E+03
-1.01179022E- 07
C7H7OA

1. 63642524E+01

7. 05523453E+03
- 1. 94032242E- 08
OC7H?

1. 55885621E+01
- 4. 63475079E+03
-9. 00408613E- 08
C7H7CH

1. 55570133E+01
- 1. 85951846E+04
- 1. 32663415E- 07
HOC7H7

1. 62209484E+01
- 2. 24968087E+04
-7.68288867E- 08
C7H8OA

1. 61455922E+01
- 1. 63397736E+04
-9. 27459204E- 08
C7H700

1. 75384010E+01

6. 21200901E+03
- 1. 22437556E- 07
OOCTH7P

1. 81925301E+01

5. 89545445E+03
-9. 99260531E- 08
C8H2

1. 51207039E+01

1. 03629939E+05

1. 14597154E- 07
C8H5( S)

-0. 18226665E+02
0. 70338272E+05
0. 15129409E- 06

C8H5
1.59141211E+01
6. 81007829E+04

. 66075904E- 11

. 32955544E- 02
. 40649462E+01
.37680170E- 11

.23127123E- 02
. 11565691E+01
. 42656799E- 11

. 36827436E- 02
. 76131212E+01
. 43852462E- 11

. 63599691E- 02
. 81552995E+01
.27377613E- 11

. 01206682E- 02
. 42585042E+01
. 57892845E- 11

. 20764479E-02
.61277803E+01
. 20424938E- 11

. 43099288E- 02
. 82334053E+01
. 54957471E- 11

. 30069915E- 02
. 85875486E+01
. 32947585E- 11

.44114513E-02
. 69949856E+01
.06916002E- 11

. 64742745E-02
. 64807692E+01
.57676957E- 11

. 57279235E- 02
. 12270691E+01
. 65238162E- 11

. 60503227E- 02
. 11038338E+01
. 29301602E- 11

. 50464937E- 02
. 27388490E+01
. 34739568E- 11

. 44591365E- 02
. 84482373E+01
. 56786288E- 11

. 15836375E- 02
. 86456518E+01
. 74644192E- 11

. 98105334E- 01
.12116527E+03
. 42934854E- 10

. 90512856E- 02
. 81811951E+01

5.52022173E+04
200K- 6000K REF
- 8. 54365127E- 06
- 8.88621147E-01
2.40293208E+04
200K- 6000K REF
- 8. 06039662E- 06
1. 78224005E+00
5. 23244914E+04
200K- 6000K REF
- 8. 60327957E- 06
1. 24576524E+00
3. 58688678E+04
200K- 6000K REF
- 9. 55302770E- 06
1. 28570757E+00
4.29498473E+03
200K- 6000K REF
-7.37900571E- 06
1. 29243926E+00
1. 22652588E+04
200K- 6000K REF
- 8. 06352686E- 06
1.16187164E+00
- 6. 84612985E+03
200K- 6000K REF
-8.90170362E- 06
1. 34875562E+00
1. 28715161E+04
200K- 6000K REF
- 8. 31828902E- 06
1. 33751930E+00
1. 16214229E+04
200K- 6000K REF
- 8. 88432600E- 06
1. 30109345E+00
4.62424782E+02
200K- 6000K REF
-9.61492723E- 06
4.57952512E+00
-1. 39302817E+04
200K- 6000K REF
-9. 27769536E- 06
6. 18655473E- 01
-1.72475878E+04
200K- 6000K REF
-9. 47230904E- 06
9. 17201862E- 01
-1.10690376E+04
200K- 6000K REF
-9. 26566669E- 06
3. 43834939E+00
1. 15679497E+04
200K- 6000K REF
-8.95127578E- 06
2.19445974E+00
1. 14829234E+04
200K- 6000K REF
. 19394867E- 06
. 11492303E+00
1. 06927919E+05

. 71376540E- 04
. 10600960E+02
0. 65782034E+05
200K- 6000K REF
-6.91841357E- 06
-1.13488264E+00

2

N oo "

[eNoNe]

70663171E+01
G3B3 R. ROBI NSON 01- Mar - 07

. 39475899E- 09 -8.40514185E- 14
.67433711E-02 1. 94036631E- 05
. 91018098E+01

G3B3 R. ROBI NSON 04- Dec- 07

.30477447E-09 -7.82841066E- 14
. 21036329E-02 4. 97938535E- 05
. 09864666E+01

R. ROBI NSON 03- Cct - 07

. 39947590E- 09 -8.42275079E- 14
.84214251E-02 5. 73365370E- 05
. 13324917E+01

G3B3 R. ROBI NSON 01- Mar - 07

. 55145524E- 09 -9. 32680913E- 14
. 53359931E-02 7.52284706E- 05
. 15013550E+01

G3MP2 R ROBI NSON 02- May- 08

. 20800427E-09 -7.30282061E-14
.59691923E-02 3. 34213989E- 05
.20114271E+01

G3B3 R ROBI NSON 08- May- 07

. 31293198E-09 -7.90305224E- 14
. 53975987E-02 4. 45580684E- 05
. 27562799E+01

G3B3 R. ROBI NSON 01- Mar - 07

.45158328E-09 -8. 74320865E- 14
. 62538213E-02 5.07399910E- 05
. 32423194E+01

G3B3 R ROBI NSON 28- Mar - 07

. 34493299E- 09 -8. 05414900E- 14
. 60429555E- 02 -1.89546627E- 05
. 10678967E+01

G3B3 R ROBI NSON 28- Mar - 07

.44703270E-09 -8. 71687304E- 14
. 78573405E-02 4. 26663785E-05
. 27793822E+01

G3B3 R ROBI NSON 29- Mar - 07

.56021335E-09 -9. 36632967E- 14
. 99720826E-02 8. 62270226E- 05
. 70611961E+00

G3B3 R. ROBI NSON 05- Dec- 07

.50201883E- 09 -9. 01081430E- 14
.67674565E-02 2. 70020458E- 05
. 43271696E+01

G3B3 R ROBI NSON 14- May- 07

.53776710E-09 -9. 23380319E- 14
. 26156233E-02 4. 04519700E- 05
. 32349913E+01

G3B3 R. ROBI NSON 01- Mar - 07

. 52026888E- 09 -9. 19216824E- 14
. 01848465E-02 7.00879785E- 05
. 77734871E+01

G3B3 R. ROBI NSON 24- May- 07

.45924431E- 09 -8. 78792315E- 14
.08471616E-02 4.62775588E- 05
. 04135472E+01

G3B3 R. ROBI NSON 24- May- 07

. 80845141E-10 -4. 09238459E- 14
.37576243E-02 -1. 36625122E- 04
. 89314564E+01

. 23047990E- 07 -0.27072450E- 11
. 12687966E+00 - 0. 19579499E- 03
. 69241891E+02

G3B3 R. ROBI NSON 16- May- 07

. 12540152E- 09 -6. 77403364E- 14
. 07145806E- 02 -2.90528278E- 05
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1. 47803066E- 08
C8H6

1. 58841649E+01

3. 10445790E+04

- 3. 44192242E- 08
OBH5CHC

1. 60987575E+01

5. 52793982E+04

- 5. 90928872E- 08
C8H7

1. 62024214E+01

4.19911173E+04

- 8. 36468343E- 08
C8H7(F)

1. 70920957E+01

5. 01059137E+04

- 6. 13342150E- 08
C8H7(P)
08

1. 63560947E+01

4. 11114604E+04

- 9. 54358236E- 08
C8H8

1. 62750706E+01

1. 00959790E+04

-1. 17000056E- 07
C8HI( F)

1. 68344671E+01

3. 61377855E+04

- 1. 46919245E- 07
C8HY

1. 70077836E+01

1. 40901227E+04

- 1. 17564426E- 07
C8HL0

1. 55887664E+01

- 4. 28458286E+03

- 1. 54540904E- 07
OBH5C20

1. 71311590E+01

2.23670210E+04

- 4. 67425909E- 08
C8H50

1. 81825231E+01

2. 67589710E+04

- 1. 29231576E- 09
C8H500

2. 05521332E+01

3. 65926838E+04

- 7. 95299583E- 09
COH7

1. 78551775E+01

2.53861457E+04

-9. 95706637E- 08
COHT7L

1. 73899530E+01

7. 18886856E+04

-1.17798121E- 07
C9H8

1. 74713086E+01

1. 07722661E+04

- 1. 28213551E- 07
C9H8( S)

1. 79363817E+01

2. 59928036E+04

- 1. 22373357E- 07
COH8(T)

1. 84716616E+01

. 33580907E- 11

. 16827507E- 02
. 03434222E+01
.10711101E- 11

. 12246579E- 02
. 90713760E+01
.96427137E- 11

. 37169830E- 02
. 96757392E+01
. 96903979E- 11

. 32185495E- 02
. 39311685E+01
.18842773E- 11

. 37093009E- 02
. 17370864E+01
.41015736E- 11

. 63964230E- 02
. 29161344E+01
. 25170617E- 11

. 79084466E- 02
. 03841052E+01
. 24656421E- 11

. 85107743E- 02
. 68746601E+01
. 22466290E- 11

. 19611997E- 02
. 83661343E+01
.49157293E- 11

. 09165892E- 02
. 29702618E+01
. 49025388E- 11

. 97889516E- 02
. 96738502E+01
. 86629889E- 12

. 00445657E- 02
. 89142990E+01
. 19844141E- 11

. 55569711E- 02
. 29344363E+01
. 80049399E- 11

.56207079E- 02
. 37763834E+01
. 20469433E- 11

.86713708E-02
. 22017233E+01
. 79882498E- 11

. 74951917E- 02
. 91184788E+01
. 43884946E- 11

. 68726914E- 02

7.29875380E+04
200K- 6000K REF
- 7. 84831056E- 06
-1.15774739E+00
3. 61473155E+04
200K- 6000K REF
-7.71771138E- 06
8. 74638267E- 01
6. 01908641E+04
200K- 6000K REF
- 8. 59466428E- 06
5.98199404E- 01
4.72247875E+04
200K- 6000K REF
. 38554563E- 06
1. 88585454E- 01
5.54011643E+04

. 62640748E- 06
5.63912682E- 01
4.65490247E+04

200K- 6000K REF

-9. 57863609E- 06
5.95011053E-01
1. 57432079E+04

200K- 6000K REF

-1. 01238931E- 05
5.44310351E+00
4. 09409910E+04

200K- 6000K REF

-1. 03611087E- 05
1. 20030068E+00
1. 98924692E+04

200K- 6000K REF

-1.16287800E- 05
3. 39486331E+00
9. 96421839E+02

200K- 6000K REF

- 7.65442484E- 06
6. 88575892E-01
2. 75447687E+04

200K- 6000K REF

-7.20508244E- 06

-1. 09646467E+00
3. 21408799E+04

200K- 6000K REF

-7.33413614E- 06
1. 99509144E- 01
4.23167792E+04

200K- 6000K REF

- 9. 31059993E- 06

-2.10502145E+00
3. 19332187E+04

200K- 6000K REF

-9.35120219E- 06
2. 32219368E+00
7.74618372E+04

200K- 6000K REF

-1. 04526480E- 05

-9. 86208045E-01
1. 73319384E+04

200K- 6000K REF

-1. 00445999E- 05
2.41274408E+00
3. 17152719E+04

3

200K- 6000K REF :

-9. 78675620E- 06

1.

09385073E+01
G3B3 R. ROBI NSON 28- Mar - 07

. 27381396E-09 -7.65525168E- 14
. 83055920E-02 -1.28838641E- 05
. 98836364E+01

G3B3 R. ROBI NSON 01- Nov-07

. 25489588E- 09 -7.55314844E- 14
. 62530440E-02 1. 31075596E- 05
. 33384585E+01

G3B3 R. ROBI NSON 06- Jun-07

. 39261244E- 09 -8. 35582353E- 14
.40312910E-02 3. 19607403E- 05
. 59253903E+01

G3B3 R ROBI NSON 19- Cct - 07

. 35891114E-09 -8. 15767381E-14
. 32872069E-02 9. 17657942E- 06
. 68906693E+01

200K- 6000K REF :

G3B3 R ROBI NSON 09- May-

.40109008E- 09 -8.41885947E- 14
.11827962E-02 4. 23434307E- 05
. 56255584E+01

G3B3 R. ROBI NSON 16- May- 07

. 55335595E- 09 -9. 32416572E- 14
. 80448247E-02 6. 03961301E- 05
.51273231E+01

G3B3 R. ROBI NSON 31-Cct-07

. 64223501E- 09 -9. 85715951E- 14
. 04252993E-02 9. 47478839E- 05
. 23134573E+00

G3B3 R. ROBI NSON 03- Cct - 07

. 68579546E-09 -1.01474435E-13
.91799992E-02 6. 16792669E- 05
. 22931985E+01

G3B3 R. ROBI NSON 07- Aug- 07

. 88981260E-09 -1.13573824E-13
. 28588681E-02 1. 01068868E-04
.45061179E+01

G3B3 R ROBI NSON 15- Cct - 07

. 25139872E-09 -7.55835919E- 14
. 16059386E-02 1.11467607E-06
. 52906444E+01

G3B3 R ROBI NSON 28- Mar - 07

.17413394E-09 -7.07633472E-14
. 05298740E- 02 -4.51376296E- 05
. 03139151E+01

G3B3 R. ROBI NSON 24- May- 07

. 19500584E-09 -7.19472479E- 14
. 21815780E- 02 -4.20268840E- 05
.69212527E+01

G3B3 R ROBI NSON 09- May- 07

.51771688E-09 -9. 14866981E- 14
. 40482794E- 02 3.51502447E- 05
. 58960228E+01

G3B3 R. ROBI NSON 19- Jun- 07

. 52234845E-09 -9. 16292324E- 14
. 45034586E-02 6.40157037E-05
. 14806537E+01

G3B3 R ROBI NSON 09- May- 07

. 70450761E-09 -1. 02766685E- 13
.46571876E-02 6. 38460940E- 05
. 09463621E+01

G3B3 R ROBI NSON 30- May- 07

. 63921965E- 09 -9. 88557024E- 14
. 68385244E-02 6. 56609310E- 05
. 86346007E+01

G3B3 R ROBI NSON 19-Jun-07
59388623E- 09 -9.59868825E- 14
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2. 83514107E+04
- 7.97385688E- 08
COHI(N)

1. 81928310E+01

3. 87738812E+04
- 1. 44921842E- 07
COHI( 1)

1. 81016326E+01

3. 53174008E+04
- 1. 69167614E- 07
C9HI( S)

1. 80310429E+01

1. 68565437E+04
- 1. 42403222E- 07
C9HI( P)

1. 85560305E+01

3. 71145562E+04
- 1. 09993507E- 07
C9HI( C)

1. 84920702E+01

2. 88684041E+04
- 1. 31511465E- 07
COHI( F)

1. 84884580E+01

3. 69222518E+04
- 1. 15853351E- 07
C9HB0

1. 89691541E+01
- 2. 14760016E+03
- 8. 50465645E- 08
C9H70

1. 98149165E+01

2. 76549520E+04
-1.12441821E- 07
C10H6

2. 03945148E+01

5. 80398517E+04

3. 69340876E- 08
C10H7

1. 91497125E+01

3.92300112E+04
-1. 00865176E- 07
C1OH7L

2. 24638279E+01

6. 86149398E+04
- 3. 29260130E- 08
C10H7M

2. 01585376E+01

6. 74419179E+04
- 6. 20566266E- 08
C10H8L

0. 20179207E+02

0. 36023766E+05

0. 50875709E- 07
C10H8

1. 90700871E+01

8. 47476587E+03
- 1. 22619765E- 07
C10HBK

2. 03900746E+01

3. 38045415E+04
- 1. 19663649E- 07
C10H8G

1. 94150861E+01

3. 61820040E+04
-1.01207981E- 07
COH6CH2

0. 19196302E+02

-7.
3

2
- 6.
6

2
- 6.
7

3
-7.
6

2
-7.
4.

3
-7.
5

2
-7.
. 14136016E- 11

2
-9.
2

2
-7.
. 26291228E- 11

2
-7.
4.

0

12401639E+01
79166848E- 11

95786006E- 02
76043726E+01
24139447E-11

95750815E- 02
61691485E+01
12250848E- 11

08549384E- 02
37394814E+01
33163838E- 11

91794143E- 02
03815823E+01
98838938E- 11

04579694E- 02
67019087E+01
99162791E- 11

92919169E- 02
09394144E+01

. 47818525E- 02
. 74939321E+01
. 15947668E- 11

. 66922030E- 02
. 16307465E+01
. 27360863E- 11

. 29843220E- 02
.05122711E+01
. 27916532E- 12

. 73037655E- 02
-7.
4.

95973962E+01
81841784E- 11

33461601E- 02
15971151E+01
47944110E-11

61331590E- 02
77106181E+01

. 29670304E- 01
. 80279839E+02
. 12535519E- 10

. 99951680E- 02
. 21752689E+01
. 66600389E- 11

. 85301415E-02
- 8.
5

51027336E+01
68975279E- 11

90026607E- 02
49948493E+01
68686020E- 11

31294353E- 01

2.22172745E+00
3. 38466357E+04
200K- 6000K REF
-1.08194577E- 05
4.02079723E+00
4.44076026E+04
200K- 6000K REF
-1.07844213E- 05
5. 29905239E+00
4. 08480913E+04
200K- 6000K REF
-1.12389309E- 05
-1. 67306559E-01
2. 35314116E+04
200K- 6000K REF
-1. 06454331E- 05
2.09658023E+00
4.29868426E+04
200K- 6000K REF
-1.10995700E- 05
- 9. 78555510E- 01
3. 57270679E+04
200K- 6000K REF
-1. 06058128E- 05
3. 39687672E+00
4. 25033352E+04
200K- 6000K REF
-9. 08390735E- 06
-9. 70808676E- 01
4. 35937475E+03
200K- 6000K REF
-9. 76836131E- 06
-4.91651031E-01
3. 45109648E+04
200K- 6000K REF
-8. 31173559E- 06
-2.34461417E+00
6. 39550773E+04
200K- 6000K REF
- 9. 99294685E- 06
-1.74709178E+00
4.61768363E+04
200K- 6000K REF
- 8. 44005656E- 06
-1. 60155935E+00
7.53769696E+04
200K- 6000K REF
. 50512984E- 06
8.40106188E-01
7.35237090E+04

. 11986855E- 04
. 27711501E+01
0. 42320391E+05
200K- 6000K REF
-1.09479895E- 05
-1. 70336697E+00
1. 56318632E+04
200K- 6000K REF
-1.03537922E- 05
-1. 05459566E+00
4.09183627E+04
200K- 6000K REF
-1. 05308167E- 05
2. 06153655E+00
4.21895477E+04

-0.11452624E- 04

NO "

[eNoNe]

0

. 86449880E-02 2.80106646E-05
. 79470475E+01

G3B3 R. ROBI NSON 19- Jun- 07

. 76277892E-09 -1. 06103115E-13
.91381348E-02 8. 79576149E- 05
. 46093595E+01

G3B3 R. ROBI NSON 18- May- 07

. 75590613E-09 -1. 05736838E- 13
.92041567E-02 1.11981782E-04
. 03975671E+01

G3B3 R ROBI NSON 30- May- 07

. 83155488E-09 -1.10374070E- 13
. 22231459E-02 7.63992304E- 05
. 90045443E+01

G3B3 R. ROBI NSON 30- May- 07

. 73195284E-09 -1.04178066E-13
.39112247E-02 5. 28195952E- 05
. 15967500E+01

G3B3 R. ROBI NSON 16- May- 07

. 80942158E-09 -1.09064739E-13
. 85483215E-02 6. 35762462E- 05
. 18021083E+01

G3B3 R. ROBI NSON 30- May- 07

. 71829897E-09 -1.03102152E-13
. 85992795E-02 6. 12333521E- 05
. 43939647E+01

G3VP2B3 R ROBI NSON 23- May- 07

. 48682032E- 09 -8.98777623E- 14
. 55808772E-02 2. 49057709E- 05
. 08758874E+01

CBS- B3 R ROBI NSON 30- Apr - 08

. 59708554E- 09 -9. 64679926E- 14
. 20289871E-02 4.64077741E-05
. 00220310E+01

G3B3 R. ROBI NSON 23- May- 07

. 34829347E- 09 -8. 10008039E- 14
. 28838499E-02 -8. 68597641E- 05
.51261635E+01

G3B3 R. ROBI NSON 09- May- 07

. 63389295E-09 -9. 86950716E- 14
. 65867963E-02 3.58370225E- 05
. 46502365E+01

G3B3 R ROBI NSON 16- Cct - 07

. 36505447E-09 -8.17822119E-14
. 17909513E- 02 - 3. 34045862E- 05
. 38894723E+01

G3B3 R. ROBI NSON 19- Jun- 07

. 54759668E- 09 -9. 32061993E- 14
. 12918902E- 02 5. 53646468E- 06
. 60776758E+01

. 22532105E-08 -0. 15916158E-12
.98102115E- 01 -0.93714450E- 04
. 37574230E+02

G3B3 R ROBI NSON 09- May- 07

. 78674993E-09 -1.07789182E- 13
. 33574054E-02 5.41019138E-05
. 27123601E+01

G3MP2B3 R. ROBI NSON 01- Nov- 07

. 68348737E-09 -1.01302082E- 13
. 65513917E-02 4.74179342E-05
. 23240253E+01

G3B3 R ROBI NSON 29- Cct - 07

. 70876070E-09 -1.02612470E- 13
. 84901972E-02 4. 32807233E- 05
. 10486943E+01

20944079E- 08 -0. 15138942E- 12




Appendix B

309

0. 22725338E+05
0.31111080E- 07
C10H8J
2.01059079E+01
3. 68183988E+04
-1.13961268E- 07
C10HOA
2.28669724E+01
4.68026622E+04
-1.19991015E- 07
C10HOD
2.16097416E+01
4.26242097E+04
-2.00348144E-08
C10H9
1. 98957312E+01
2.02993377E+04
-1. 29056526E- 07
C10H9F
2.10483105E+01
3. 35684775E+04
-1. 38057443E- 07
C10H9P
2.11712464E+01
4.89011343E+04
-1. 35966596E- 07
COH6CH3
1. 95402271E+01
1. 94504304E+04
-1. 26955691E- 07
C10H9T
1. 98990021E+01
2.02955018E+04
-1.28708105E- 07
C10H9B
2. 16506089E+01
4.11748845E+04
-9. 94256386E- 08
C10HIOL
2.46488052E+01
4. 59391590E+04
-1. 28249685E- 07
C10HOE
2.11567465E+01
3. 89281463E+04
-4.98720547E- 08
C10H10K
2.09911209E+01
2. 64315799E+04
-1.79429042E- 07
EC10H9
2.11567465E+01
3. 89281463E+04
-4.98720547E- 08
GC10H9
0. 19929077E+02
0. 18696181E+05
0. 25376810E- 07
C10HOK
2.15323912E+01
4. 53865005E+04
-1.18183167E-07
C10HOM
2.19149977E+01
4.69078750E+04
-1.01796708E- 07
COH7CH3
2.01180990E+01

- 0.
- 0.

82727289E+02
54388908E- 11

. 83480509E- 02
. 84540589E+01
. 18941762E- 11

. 83091966E- 02
. 45859608E+01
. 71770878E- 11

. 84473467E-02
. 40595232E+01
. 65793561E- 11

. 19619669E- 02
. 38097392E+01
. 91780458E- 11

. 06628768E- 02
. 83295990E+01
. 41485208E- 11

. 95760474E- 02
. 34394739E+01
.02797378E- 11

. 19082520E- 02
. 02533927E+01
. 71800051E- 11

. 19590476E- 02
. 38426896E+01
. 90543947E- 11

. 94452290E- 02
. 77141335E+01
. 78456845E- 11

. 69281063E- 02
. 05186933E+02
. 97544880E- 11

.01287315E-02
. 49248325E+01
. 82290663E- 11

. 33899968E- 02
. 95090652E+01
.04177688E- 11

.01287315E-02
. 49248325E+01
. 82290663E- 11

. 32680734E- 01
. 15099373E+02
.41583087E- 11

. 96025034E- 02
. 84454524E+01
. 70782617E- 11

. 94389622E- 02
. 78033814E+01
. 89612314E- 11

. 40764215E- 02

-0.67796676E+01
0. 30449510E+05
200K- 6000K REF
-1. 03369605E- 05
3. 54764062E+00
4. 26775448E+04
200K- 6000K REF
-1. 04039005E- 05
6. 45528245E-01
5.41724986E+04
200K- 6000K REF
-1. 03397395E- 05
1. 11809534E- 01
4. 89715031E+04
200K- 6000K REF
-1. 16609266E- 05
-1.04738447E+00
2. 76030323E+04
200K- 6000K REF
-1. 11305804E- 05
- 5. 93555383E- 01
4.09471695E+04
200K- 6000K REF
-1. 07264003E- 05
5. 25278518E+00
5. 47938808E+04
200K- 6000K REF
-1.16574967E- 05
4.69536362E- 01
2. 62999839E+04
200K- 6000K REF
-1.16598773E- 05
-1.06814137E+00
2.76018112E+04
200K- 6000K REF
-1. 07362554E- 05
7.41778612E- 01
4.81001111E+04
200K- 6000K REF
- 9. 97295235E- 06
2.05861761E+00
5. 35783154E+04
200K- 6000K REF
-1.10361445E- 05
1. 65289299E- 02
4. 54698059E+04
200K- 6000K REF
-1.21115160E- 05
-2.05618726E-01
3. 40979229E+04
200K- 6000K REF
. 10361445E- 05
1. 65289299E- 02
4. 54698059E+04

.12861148E- 04
. 11953660E+01
0. 25054098E+05
200K- 6000K REF
-1.07916786E- 05
-8.97421771E-01
5.27185282E+04
200K- 6000K REF
-1.07769075E- 05
1. 19474282E+00
5. 37787117E+04

NN

[eNoNe]

200K- 6000K REF :

-1.24393729E- 05

2

.99132130E- 01 -0. 77043901E- 04
. 53315855E+02

G3B3 R ROBI NSON 19- Cct - 07

. 68270688E-09 -1. 01253068E- 13
. 32006001E-02 5.50173036E-05
. 39458527E+01

G3B3 R ROBI NSON 19- Cct - 07

. 70107940E-09 -1. 02684204E- 13
. 79537252E-02 4. 65853370E- 05
. 70192785E+01

G3B3 R ROBI NSON 19- Cct - 07

. 68222254E-09 -1.01248424E-13
. 88412797E-02 -3.41993081E- 05
. 90476430E+01

G3B3 R ROBI NSON 19- Cct - 07

. 90243854E-09 -1.14736441E-13
. 38670055E-02 5. 90433326E- 05
. 24328027E+01

G3B3 R. ROBI NSON 26- Cct - 07

. 80996266E- 09 -1.08915680E- 13
. 44304345E-02 6. 23536974E- 05
. 12155273E+01

G3B3 R ROBI NSON 16- Cct - 07

. 73492056E- 09 -1.03868341E-13
. 73495403E-02 7. 47364782E- 05
. 82103263E+00

(€¢] R. ROBI NSON 09- May- 08

.90347271E-09 -1.14860486E-13
. 85000051E-02 6.23857388E- 05
. 64982394E+01

G3B3 R ROBI NSON 19- Cct - 07

. 90226923E-09 -1.14726315E-13
.40198750E-02 5. 86876924E- 05
. 25031057E+01

G3B3 R ROBI NSON 19- Cct - 07

. 75062691E- 09 -1.05534492E-13
. 93020333E-02 3. 35408171E- 05
. 64612257E+01

(€¢] R. ROBI NSON 09- May- 08

.63836311E-09 -9. 91943546E- 14
.43928401E-02 5.51868671E-05
. 91485057E+01

G3B3 R ROBI NSON 29- Cct - 07

. 79894691E-09 -1. 08280140E- 13
. 22740207E- 02 -8. 70756093E- 06
. 79363669E+01

G3B3 R ROBI NSON 02- May- 08

. 96841287E-09 -1. 18403555E-13
. 59091076E-02 9. 74273950E- 05
. 99560338E+01

G3B3 R ROBI NSON 29- Cct - 07

. 79894691E-09 -1. 08280140E- 13
. 22740207E- 02 -8. 70756093E- 06
. 79363669E+01

. 23499754E-08 -0. 16510897E- 12
.87286167E-01 -0.65343927E- 04
. 24035862E+02

G3B3 R ROBI NSON 30- Cct - 07

. 75863733E-09 -1. 05953365E- 13
.11060586E-02 4.28921687E-05
. 38332754E+01

G3 R. ROBI NSON 05- Feb- 08

. 76113517E-09 -1. 06308668E- 13
. 85700725E-02 3. 53025398E- 05
. 54086306E+01

&3 R. ROBI NSON 30- Apr - 08
03000712E-09 -1.22447963E- 13
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6.14160687E+03
-1.50801211E- 07
GC10H10
0. 18912177E+02
0. 70698054E+04
0. 25376810E- 07
EC10H10
0. 18912177E+02
0. 66488284E+04
0. 25376810E- 07
C10H10
2.07237519E+01
2. 34021253E+04
-1.26124981E- 07
C10H10F
2.07741646E+01
2. 10532336E+04
-1. 34798392E- 07
C10H700
2. 38458193E+01
1. 58145756E+04
-1.00787983E- 07
C10H70
2.13897470E+01
4.91393515E+03
-9.28973133E-08
C10H7CH
2.21393483E+01

-1. 38716461E+04
-9.29937128E- 08
C10H6O2

2.25799298E+01
-2.26918741E+04
-7.58721745E-08
C11H9

0. 23571720E+02

0. 21835987E+05

0. 36316999E- 07
C11H9P

0. 23571720E+02

0. 31963483E+05

0. 36316999E- 07
Cl11H10

0. 20618816E+02

0. 37591297E+04

0.29731117E-07
Cl11H70

0. 27231269E+02

0. 81121090E+04

0. 69037351E- 07
C11H80

0. 21204625E+02
- 0. 64059942E+04
- 0. 13750550E- 07
C11H90

0. 23571720E+02

0. 11781769E+05

0. 36316999E- 07
AC11HOO

0. 23571720E+02

0. 76891553E+04

0. 36316999E- 07
BC11H9O

0. 23571720E+02

0. 11334813E+05

0. 36316999E- 07
EC11H90O

. 58609871E+01
. 70961412E- 11

. 34327266E- 01
. 15099373E+02
.41583087E- 11

. 34327266E- 01
. 15099373E+02
.41583087E- 11

. 20420615E- 02
. 08334078E+01
. 64371843E- 11

. 25954531E- 02
. 32029885E+01
.87917489E- 11

. 82830183E- 02
.01211526E+02
. 98051184E- 11

. 80525216E- 02
. 02166334E+01
. 58091634E- 11

. 93982444E- 02

. 47546215E+01
.67457679E- 11

. 71712679E- 02
. 49418759E+01
. 85572616E- 11

. 29080150E- 01
. 10355592E+03
. 62652074E- 11

. 29080150E- 01
. 10355592E+03
. 62652074E- 11

. 35127148E- 01
. 87356517E+02
. 48860931E- 11

. 26040644E- 01
. 12050997E+03
. 18363943E- 10

. 40753532E- 01
. 87076491E+02
. 16040985E- 10

. 29080150E- 01
. 10355592E+03
. 62652074E- 11

. 29080150E- 01
. 10355592E+03
. 62652074E- 11

. 29080150E- 01
. 10355592E+03
. 62652074E- 11

1. 59612349E- 01
1. 34561914E+04

. 13514685E- 04
. 11953660E+01
0. 13030043E+05

. 13514685E- 04
. 11953660E+01
0. 12609066E+05
200K- 6000K REF
-1.16635294E- 05
3. 02911361E+00
2.98411201E+04
200K- 6000K REF
-1. 18965594E- 05
4.16133760E+00
2. 73869314E+04
200K- 6000K REF
-1. 04366366E- 05
-5.92153711E-01
2. 36924331E+04
200K- 6000K REF
-1.02801736E- 05
-1.45929061E+00
1. 23251313E+04
200K- 6000K REF
-1. 07158216E- 05

-1.93343217E+00
- 6. 18360395E+03
200K- 6000K REF
-1. 00063568E- 05
-3.40769476E-01
-1.53380749E+04

. 94253200E- 05
. 55627434E+01
0. 30429877E+05

. 94253200E- 05
. 55627434E+01
0. 40557373E+05

. 11830690E- 04
. 58980299E+01
0.11751871E+05

. 10377854E- 04
. 31465258E+01
0. 18071491E+05

. 17960043E- 04
. 44640862E+01
0. 88328263E+03

. 94253200E- 05
. 55627434E+01
0. 20375631E+05

. 94253200E- 05
. 55627434E+01
0. 16283017E+05

. 94253200E- 05
. 55627434E+01
0. 19928675E+05

[eNoNe]

[eNoNe]

[eNeNe] [eNeNe] [eNeNe] [eNeNe] [eNeNe] [eNeNe] [eNoNe] NO PR

[eNoNe]

. 73821231E- 02
. 67080379E+01

. 24029682E- 08
. 87286167E-01
. 24035862E+02

. 24029682E- 08
. 87286167E-01
. 24035862E+02
R. ROBI NSON 30- Apr - 08
. 89942575E- 09
. 54157069E- 02
. 86631755E+01
R. ROBI NSON 01- Nov-07
. 94064254E- 09
. 98020647E- 02
. 15819865E+01
R. ROBI NSON 05- Feb- 08
. 71179015E- 09
. 74448059E- 02
. 11940000E+01
R. ROBI NSON 23- May- 07
. 68233474E- 09
. 44203495E- 02
. 37249315E+01
R. ROBI NSON 09- May- 08
. 74762148E- 09

G3B3

G3B3

G3B3

G3B3

&3

. 96713698E- 02
. 52838683E+01
R. ROBI NSON 23- May- 07
. 64285532E- 09
. 68991807E- 02
. 88094233E+01

G3B3

. 14375044E- 08
. 10663281E+00
. 48643127E+02

. 14375044E- 08
. 10663281E+00
. 48643127E+02

. 18073995E- 08
. 10341065E+00
. 51882836E+02

. 18715858E- 08
. 10679716E+00
. 40402345E+02

. 35348363E- 08
. 10410496E+00
. 46924361E+02

. 14375044E- 08
. 10663281E+00
. 48643127E+02

. 14375044E- 08
. 10663281E+00
. 48643127E+02

. 14375044E- 08
. 10663281E+00
. 48643127E+02

7.98260414E- 05

- 0. 16235052E- 12
- 0. 65343927E- 04

- 0. 16235052E- 12
- 0. 65343927E- 04

-1. 14395965E- 13
6. 41302895E- 05

-1.17010422E- 13
7.53399313E- 05

-1. 03540228E- 13
2. 74306631E- 05

-1. 01684503E- 13
2. 48698363E- 05

-1. 05386549E- 13

2.09740134E-05

-9.95210613E- 14
1. 20446767E- 05

- 0.
- 0.

86432991E- 13
86584861E- 04

- 0.
- 0.

86432991E- 13
86584861E- 04

- 0.
- 0.

10553787E- 12
76758084E- 04

- 0.
- 0.

12636018E- 12
10968916E- 03

- 0.
- 0.

25728495E- 12
54663804E- 04

- 0.
- 0.

86432991E- 13
86584861E- 04

- 0.
- 0.

86432991E- 13
86584861E- 04

- 0.
- 0.

86432991E- 13
86584861E- 04
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0. 23571720E+02
-0.12317013E+04
0. 36316999E- 07
OOC11HOP
0. 72920350E 01
2.73164660E 04
0. 96018880E- 07
C11H90O
0. 21204625E+02
0. 20586909E+05
- 0. 13750550E- 07
C11H100
0.22727753E+02
-0. 14723957E+05
0. 11138080E- 07
OC11H9
0. 23571720E+02
-0.72797280E+03
0. 36316999E- 07
HOC11H9
0. 23571720E+02
- 0. 18046832E+05
0. 36316999E- 07
AC11H100
0. 22727753E+02
-0. 11238992E+05
0. 11138080E- 07
AC12H8
1. 93183637E+01
2. 15445149E+04
-1.05176189E- 07
4C12H9
0. 27231269E+02
4. 31301090E+04
0. 69037351E- 07
C12H10
0. 24289017E 02
0. 10287000E 05
- 0. 64564460E- 07
1C12H10
2. 35491970E+01
1. 53538069E+04
-1. 20331553E- 07
Cl2H11
2. 35238553E+01
1. 49809324E+04
-1. 20899622E- 07
Cl2H12
2.53697727E+01
- 8. 20299732E+02
-1.55438421E- 07
Cl4H14
0. 72920350E 01
0. 10316730E 05
0. 96018880E- 07
AC14H10
0. 26567127E+02
0. 14850923E+05
-0.17056214E- 06
PC14H10
0. 26602474E+02
0. 12132838E+05
-0. 12664499E- 06
C7H16
1. 71920296E+01
- 3. 13651815E+04
-2.33818731E-07
C7H13

. 29080150E- 01
. 10355592E+03
. 62652074E- 11

. 92502000E- 01
. 27437380E 01
. 23732530E- 10

. 40753532E- 01
.87076491E+02
. 16040985E- 10

.43812073E- 01
. 93448156E+02
.52180972E- 11

. 29080150E- 01
. 10355592E+03
. 62652074E- 11

. 29080150E- 01
. 10355592E+03
. 62652074E- 11

.43812073E-01
. 93448156E+02
.52180972E- 11

. 90205238E- 02
. 32372261E+01
. 08713845E- 11

. 26040644E- 01
. 11857997E+03
. 18363943E- 10

. 34006648E- 01
. 10802374E 03
. 34150169E- 10

. 62502472E- 02
. 00965903E+02
. 54414104E- 11

. 63051378E- 02
. 01219624E+02
. 64074436E- 11

. 04594180E- 02
. 14459910E+02
.85371120E- 11

. 92502000E- 01
. 11327380E 02
. 23732530E- 10

. 39790904E- 01
. 12283160E+03
. 78003880E- 10

. 39769744E- 01
. 12266672E+03
. 61445705E- 10

. 14539747E- 02
. 89840908E+01

. 94253200E- 05
. 55627434E+01
0. 73621602E+04

. 51686410E- 04
. 13889580E 02
0. 31998940E 05

. 17960043E- 04
. 44640862E+01
0. 27876186E+05

. 17862083E- 04
. 49985988E+01
. 63307633E+04

. 94253200E- 05
. 55627434E+01
0. 78658888E+04

- 0.
- 0.
- 0.

94253200E- 05
55627434E+01
94529708E+04

- 0.
- 0.
- 0.

17862083E- 04
49985988E+01
28457983E+04

. 63352587E- 05
. 81264181E+00
2. 88462829E+04

. 10377854E- 04
. 31465258E+01
0. 53089491E+05

. 11722408E- 04
.40739527E 01
0. 19405965E 05
200K- 6000K REF
-1. 32050239E- 05
1. 35063575E+00
2. 30624723E+04
200K- 6000K REF
-1. 32336643E- 05
4.09837637E-01
2.28951982E+04

. 49784208E- 05
. 98405802E- 02
. 47514808E+03

'
© -

. 51686410E- 04
. 13889580E 02
0. 15032340E 05

. 14577610E- 04
. 15665980E+01
0. 24656643E+05

. 14572026E- 04
. 33646717E+01
0. 22019878E+05

[eNoNe] wW~Nw [eNoNe] [eNoNe] [eNoNe] [eNoNe] [eNeNe] [eNeNe] [eNeNe]

[eNoNe]

[oNeNe] NON NON "

[eNeNe]

200K- 6000K REF :

-1.51651024E- 05

2
1.49411476E+01 - 1.
. 00333961E-11 -2. 75648103E+04 - 3.

200K- 6000K REF :

. 14375044E- 08
. 10663281E+00
. 48643127E+02

. 13627090E- 07
. 17209840E 00
. 90588360E 02

. 35348363E- 08
. 10410496E+00
. 46924361E+02

. 32897970E- 08
. 11278945E+00
. 52433847E+02

. 14375044E- 08
. 10663281E+00
. 48643127E+02

. 14375044E- 08
. 10663281E+00
. 48643127E+02

. 32897970E- 08
. 11278945E+00
. 52433847E+02

. 10041991E- 09
. 04681002E- 02
. 75755975E+01

. 18715858E- 08
.10679716E+00
. 42322345E+02

. 17729298E- 08
. 86973310E- 01
. 44741348E 02
R. ROBI NSON 19-Jun-08
. 14808308E- 09
. 20091845E- 02
. 18769600E+01
R. ROBI NSON 05- Feb- 08
. 15367986E- 09
.49785912E- 02
.61779929E+01

G3B3

G3B3

. 46402471E- 09
. 20844325E-02
. 80182938E+01

. 13627090E- 07
. 17209840E 00
. 92707360E 02

. 23850396E- 08
. 69536302E- 01
. 33282196E+02

0. 23843296E- 08
0

0. 40596218E+02 .
R. ROBI NSON 27- Feb- 07

85073271E-01

G3B3
47160939E- 09
83441607E- 02
14981036E+01
G3B3

- 0.
- 0.

86432991E- 13
86584861E- 04

- 0.
- 0.

13811480E- 11
17006600E- 03

- 0.
- 0.

25728495E- 12
54663804E- 04

- 0.
- 0.

22638566E- 12
72481576E- 04

- 0.
- 0.

86432991E- 13
86584861E- 04

- 0.
- 0.

86432991E- 13
86584861E- 04

- 0.
- 0.

22638566E-12
72481576E- 04

-2.19199281E- 13
3. 15341955E- 05
3. 12345526E+04

- 0.
- 0.

12636018E- 12
10968916E- 03

- 0.
- 0.

96812532E- 13
42353613E- 05

-1.29217696E- 13
5.01436081E- 05

-1. 29592424E- 13
4.77231657E- 05

.49382751E- 13
7.79624479E- 05
1. 16544980E+04

. 13811480E- 11
. 17006600E- 03
0. 17216410E+05

. 14413090E- 12
0. 78609880E- 04
0. 27674511E+05

-0. 14409548E- 12
0. 37531110E- 04
0. 24908263E+05

-1.48771543E- 13
1. 92992088E- 04

R. ROBI NSON 01- Mar - 07
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Appendix B

1. 66403664E+01
9. 46402139E+03
-1. 43656988E- 07
1C7H14
2. 04869566E+01
-1.68911870E+04
-1. 68141995E- 07
2C7H14
1. 62946407E+01
-1.69494880E+04
-1. 82794411E- 07
3C7H14
1.57526847E+01
-1. 66980330E+04
-1.79230419E- 07
1C7H15
1. 87757382E+01
-6. 95510130E+03
-2.52881776E-07
2C7H15
1. 91986718E+01
- 8. 36338230E+03
-2.63880433E- 07
3C7H15
1. 81495153E+01
-7.95284499E+03
- 2. 52433995E- 07
4C7H15
1. 89373102E+01
-8.11716615E+03
-2.56411153E- 07
C5H9
0. 37042289E+01
0. 17857311E+05
0. 38031742E- 08
1C5H11
1.21220106E+01
1.22077977E+03
-1.14226471E- 07
1C5H10
-0. 26194715E+00
- 0. 46336323E+04
0. 52903104E-08
CoH11
1. 40490015E+01
1. 27697251E+04
-1. 38582018E- 07
C6H12
1.37740168E+01
-1.19910313E+04
-1. 64725402E- 07
C6H13
1.45710701E+01
-2.44926920E+03
-1. 61529444E- 07
2C6H13
1. 43598724E+01
- 3. 55655231E+03
-1. 82081962E- 07
C8H16
1. 98020647E+01
-1.98180374E+04
-2.18240351E- 07
C8H17
1. 99038919E+01
-1.00772766E+04
- 2. 33509059E- 07
1C10H21

. 43972231E- 02
. 30039257E+01
. 78758528E- 11

. 76992169E- 02
. 06200500E+01
. 58823035E- 11

. 75501193E- 02
. 48434002E+01
. 20718900E- 11

. 81420729E- 02
. 14409888E+01
. 09483902E- 11

. 72035123E- 02
. 52269276E+01
. 00893135E- 10

. 68720501E- 02
. 62409810E+01
. 03753869E- 10

. 80195319E- 02
. 97896206E+01
.91131117E- 11

. 72576526E- 02
. 42462492E+01
. 00664088E- 10

. 39042108E- 01
.11002142E+02
. 29095449E- 12

. 84364383E-02
. 36590974E+01
.62891827E- 11

. 52521653E- 01
. 28551981E+02
. 22517016E- 12

. 93908111E- 02
. 32903166E+01
.67748444E- 11

. 23524115E- 02
. 51639875E+01
. 52184443E- 11

. 39665373E- 02
. 61250074E+01
. 41535906E- 11

. 35491015E- 02
. 31834609E+01
. 13428152E- 11

. 13898968E- 02
.40219156E+01
.47591774E- 11

. 45230697E- 02
. 81527405E+01
. 12283870E- 11

-1
9
1

-1
1
-1

. 25294440E-05 2.
. 66695103E+00 1.
. 33448708E+04 -7.
200K- 6000K REF :
. 37946056E-05 2.
.60772494E+01 1.
. 33331433E+04 - 3.
200K- 6000K REF :

-1. 37047240E- 05
1.10167077E+01
-1.30107170E+04

2
2
-1.

200K- 6000K REF :

-1. 39355391E- 05
1. 00522701E+01
-1. 26852346E+04

G3B3
2
2
-9.

-1
1
-2

-1
1
-4

-1
1
-3

6
4.

-0
-0
-0

-1
7
1

-1
9
-8

-1
9
9

-1
1
-1

-1
1
-1

-1
1
-5

200K- 6000K REF :
. 36134958E-05 2.
. 25072516E+01 - 1.
. 20512181E+03 - 1.
200K- 6000K REF :
. 35092395E-05 2.
. 54320320E+01 - 2.
.11174461E+03 - 3.
200K- 6000K REF :
. 39431440E-05 2.
. 43358024E+01 - 1.
. 76391235E+03 - 2.
200K- 6000K REF :
. 36618760E-05 2.
. 55726284E+01 - 2.
. 04671392E+03 - 3.

.18223191E-04 O.
. 37042289E+01 O.
.17857311E+05 O.
200K- 6000K REF :
.02910526E-05 1
93079867E+00 1.
15909261E+03 7

.27921931E-04 O
. 26194715E+00 O.
.46336323E+04 O
200K- 6000K REF :
.06889547E-05 1.
.39110577E+00 1.
. 63095012E+04 - 1.
200K- 6000K REF :
.17758412E-05 1.
.47768743E+00 - 1.
.66661827E+03 - 1.
200K- 6000K REF :
. 23992076E-05 2.
. 96221886E+00 1.
. 30978164E+02 - 1.
200K- 6000K REF :
. 21943169E-05 1.
.06700712E+01 -7.
. 34025754E+02 - 1.
200K- 6000K REF :
.51156295E-05 2.
.46318153E+01 -7.
. 53378090E+04 - 3.
200K- 6000K REF :
.64031177E-05 2.
. 54466788E+01 - 8.
. 72319179E+03 - 2.
200K- 6000K REF :

03134169E-09 -1.21742286E- 13
25596990E-02 1.03972230E- 04
18321426E+00

G3B3 R. ROBI NSON 01- Mar - 07
24153654E-09 -1.34500804E- 13
61146132E-03 1. 31069585E- 04
62129019E+01

G3B3 R. ROBI NSON 01- Mar - 07
22982210E-09 -1.34055742E-13
81865403E-04 1.41659750E- 04
51754558E+01

R ROBI NSON 01- Mar - 07
26856281E-09 -1.36423158E-13
98530045E- 03 1. 37335816E-04
81436803E+00

G3B3 R. ROBI NSON 02- Mar - 07
21954080E-09 -1.33647354E-13
29516508E-02 1.96884688E-04
72426086E+01

G3B3 R. ROBI NSON 02- Mar - 07
20449215E-09 -1. 32823611E-13
35043255E-02 2. 12832009E- 04
02929014E+01

G3B3 R. ROBI NSON 02- Mar - 07
27524196E-09 -1. 37046980E- 13
98137038E-02 2. 03162883E-04
40746635E+01

G3B3 R. ROBI NSON 02- Mar - 07
22933930E-09 -1.34285083E-13
23878814E-02 2. 07190459E-04
07705801E+01

38031742E-08 -0. 29095449E- 12
39042108E-01 -0.18223191E- 04
11002142E+02

G3B3 R. ROBI NSON 19- Jun-08

.66173552E-09 -9. 93163072E- 14

07381051E-02 8. 20981999E-05

. 36508569E- 01

. 52903104E-08 0.22517016E-12

52521653E-01 -0.27921931E- 04

. 28551981E+02

G3B3 R. ROBI NSON 12- Vay- 08
73012907E-09 -1.03556777E- 13
01303849E-02 9. 86631131E-05
63694229E- 01

G3B3 R. ROBI NSON 12- vay- 08
90845558E- 09 -1.14354808E- 13
45943889E- 03 1. 27633398E-04
21673450E+01

G3B3 R. ROBI NSON 12- vay- 08
01336857E-09 -1.20773917E-13
76854348E-03 1. 23676086E- 04
16821636E+01

G3B3 R. ROBI NSON 04- Jun-08
97936223E-09 -1.18824899E- 13
08820296E-03 1.44732473E-04
20329429E+01

G3B3 R. ROBI NSON 19-Jun-08
46028532E-09 -1.47971777E-13
23507470E-03 1.74473079E-04
21363886E+01

G3B3 R. ROBI NSON 04- Jun- 08
67992936E-09 -1.61438565E-13
75522049E- 03 1. 86131548E-04
94702395E+01

G3MP2B3 R. ROBI NSON 19- Jun- 08
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2. 69792643E+01
- 1. 83058146E+04
- 2. 98314579E- 07
2C10H21
0. 13470533E+02
- 0. 15685746E+05
- 0. 35957344E- 08
3C10H21
0. 13470533E+02
-0. 15685746E+05
- 0. 35957344E- 08
4C10H21
0. 13470533E+02
-0. 15685746E+05
- 0. 35957344E- 08
5C10H21
2.53320576E+01
- 1. 90309455E+04
- 2. 97642453E- 07
C10H22
2. 44359479E+01
- 4. 21122175E+04
- 2. 89524082E- 07
1CoH11
2. 01253464E+01
9. 80808429E+03
- 1. 30639887E- 07
2C9H11
1. 83794491E+01
1. 74790161E+04
-1. 91020800E- 07
3C9H11
1. 89656331E+01
1. 66970707E+04
- 1. 55591844E- 07
1C9H10
1. 81249058E+01
5. 25365017E+03
- 1. 43596366E- 07
COHI(T)
1. 81120956E+01
3.21311876E+04
- 1. 12860281E- 07
2C9HL0
1. 82404720E+01
7.33725444E+03
- 1. 49886221E- 07
C9HL12
1. 86522630E+01
- 8. 42809806E+03
- 1. 84028759E- 07

2.95257637E+00
. 23948688E+02
2.43530612E- 09

0. 25000000E+01
. 74537502E 03
0. 00000000E+00

. 09002132E- 02
. 03958658E+02
. 15031334E- 10

. 80290854E- 01
. 33952385E+02
. 54528122E- 11

. 80290854E- 01
. 33952385E+02
. 54528122E- 11

. 80290854E- 01
. 33952385E+02
. 54528122E- 11

. 19816695E- 02
.44791611E+01
.15116287E- 10

. 37798374E-02
. 75997433E+01
.11677093E- 10

. 39544364E- 02
. 18509643E+01
. 80376488E- 11

. 45999957E- 02
. 69259597E+01
. 94573309E- 11

. 37869607E- 02
. 11059151E+01
. 70803124E- 11

. 24696892E- 02
. 09920747E+01
. 18733556E- 11

. 01382784E- 02
. 88060877E+01
. 06286454E- 11

. 21597958E- 02
. 03367784E+01
.49711012E- 11

. 68024836E- 02
. 27057393E+01
. 70904630E- 11

. 39690040E- 03
. 87188762E+00
. 40881235E- 12

. 00000000E+00
. 43660006E 01
. 00000000E+00

. 85904821E- 05
2. 15565615E+01 -
. 26729329E+04 -

. 39518403E- 04
0. 29079616E+00
. 11504166E+05

. 39518403E- 04
0. 29079616E+00
. 11504166E+05

. 39518403E- 04
0. 29079616E+00
- 0. 11504166E+05
200K- 6000K REF
-1. 88999290E- 05
2.00541677E+01 -
-1.34971611E+04 -
200K- 6000K REF
-1.92747269E- 05
2.21829472E+01 -
- 3. 76437569E+04 -
200K- 6000K REF
-1.24488961E- 05
1. 91621566E+00
1. 65264254E+04
200K- 6000K REF
-1.27298452E- 05
5. 36291665E+00
2.34210842E+04
200K- 6000K REF
-1.23636786E- 05
3. 88078214E+00
2.27102222E+04
200K- 6000K REF
-1.18413013E- 05
3. 08905449E+00
1.11871094E+04
200K- 6000K REF
-1. 09325842E- 05
1. 96017972E+00
3. 79927940E+04
200K- 6000K REF
-1.17387160E- 05
2.71720641E+00
1. 34032564E+04
200K- 6000K REF
. 34769018E- 05
4.82394371E+00
. 33412955E+03

. 92631603E- 07
3. 53100528E+00 -
. 04697628E+03

0. 00000000E+00
0. 25000000E+01
. 74537502E 03

[eNeNe] [eNeNe]

[eNoNe]

NP~ N RPNN

[eNeNe]

. 03114872E- 09
. 97079655E- 02

. 82621083E- 13
2.43572172E- 04

. 97089403E- 08
. 10640167E+00
. 36831581E+02

. 97089403E- 08
. 10640167E+00
. 36831581E+02

. 97089403E- 08
. 10640167E+00
. 36831581E+02

. 53280156E+01

- 0.
- 0.

96419151E- 12
45561803E- 04

- 0.
- 0.

96419151E- 12
45561803E- 04

- 0.
- 0.

96419151E- 12
45561803E- 04

G3MP2B3 R. ROBI NSON 19-Jun-08

.07318111E-09 -1. 84823104E-13
. 82264070E-02 2. 42000562E- 04
. 68496909E+01

G3MP2B3 R. ROBI NSON 19-Jun-08

. 10516936E-09 -1. 85568963E- 13
. 08434192E-02 2.38368120E-04
. 66573146E+01

G3 R ROBI NSON 01- May- 08

. 03581310E-09 -1.22932424E- 13
.66715275E-02 6. 75582623E- 05
. 08976724E+01

G3 R ROBI NSON 22- Apr - 08

. 08359251E-09 -1.25822741E-13
.81280438E-02 1.30279878E-04
. 24284940E+01

G3B3 R. ROBI NSON 20- Jun- 07

. 01605387E-09 -1.21416680E- 13
. 30048899E-02 9.39094121E-05
. 64776031E+01

G3B3 R ROBI NSON 22- Apr - 08

. 92769396E-09 -1.15997421E- 13
. 38417912E-02 8.53571547E-05
.59112579E+01

G3B3 R ROBI NSON 12- May- 08

. 77664313E-09 -1.06854228E-13
. 28462408E-02 5. 64127943E- 05
. 19151760E+01

G3B3 R. ROBI NSON 22- Apr - 08

. 91040340E-09 -1.14909287E-13
.40273426E-02 8. 86276170E- 05
. 91708004E+01

G3B3 R. ROBI NSON 12- Nov-07

.19971236E-09 -1.32590770E- 13

.42161569E- 02
. 04635945E+01

REF :

. 86010195E- 11
. 23660988E- 04
. 96747038E+00

. 00000000E+00
. 00000000E+00
. 43660006E 01

1. 21943162E- 04

BURCAT 20/ 09/ 06
-4. 60755204E- 15
-5.02999433E- 07

0. 00000000E+00
0. 00000000E+00







