U.S. Department of Energy

—
T Lawrence

Livermore
National
Laboratory

N="

Preprint
UCRL-JC-142418

Reaction of Phenyl Radical
with O,: Thermodynamic
Properties, Important
Reaction Paths and
Kinetics

J. Bozzelli, N. Sebbar, W. Pitz, H. Bockhorn

This article was submitted to
2 Joint Meeting of the US Sections of the Combustion Institute,
Oakland, CA., March 25-28, 2001

April 12, 2001

Approved for public release; further dissemination unlimited



DISCLAIMER

This document was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor the University of California nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or process disclosed, or
represents that its use would not infringe privately owned rights. Reference herein to any specific
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United States
Government or the University of California. The views and opinions of authors expressed herein do not
necessarily state or reflect those of the United States Government or the University of California, and
shall not be used for advertising or product endorsement purposes.

This is a preprint of a paper intended for publication in a journal or proceedings. Since changes may be
made before publication, this preprint is made available with the understanding that it will not be cited
or reproduced without the permission of the author.

This work was performed under the auspices of the United States Department of Energy by the
University of California, Lawrence Livermore National Laboratory under contract No. W-7405-Eng-48.

This report has been reproduced directly from the best available copy.

Available electronically at http://www.doc.gov /bridge

Available for a processing fee to U.S. Department of Energy
And its contractors in paper from
U.S. Department of Energy
Office of Scientific and Technical Information
P.O. Box 62
Oak Ridge, TN 37831-0062
Telephone: (865) 576-8401
Facsimile: (865) 576-5728

E-mail: reports@adonis.osti.gov

Available for the sale to the public from
U.S. Department of Commerce
National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161
Telephone: (800) 553-6847
Facsimile: (703) 605-6900

E-mail: orders@ntis.fedworld.gov
Online ordering: http:/ /www.ntis.gov/ordering.htm

OR

Lawrence Livermore National Laboratory
Technical Information Department’s Digital Library
http://www linl.gov/tid /Library html


http://www.ntis.gov
http://www.llnl.gov

Reaction of Phenyl Radical with O, :
Thermodynamic Properties, Important Reaction Paths and Kinetics

Joseph Bozzelli', Nadia Sebbar® William Pitz* and Henning Bockhorn®

2Universitat Karlsruhe (TH), Institute fiir Chemische Technik, Karlsruhe; Germany
INew Jersey Institute of Technology, Newark, NJ; 3’Lawrence Livermore National
Laboratory, Livermore, CA.

Presented at the
2" Joint Meeting of the US Sections of the Combustion Institute
March 25-28, 2001
Oakland, California
Paper 99



Reaction of Phenyl Radical with O,:
Thermodynamic Properties, Important Reaction Paths and Kinetics

Joseph Bozzelli', Nadia Sebbar” William Pitz’ and Henning Bockhorn®

2Universitit Karlsruhe (TH), Institute fiir Chemische Technik, Karlsruhe; Germany
"New Jersey Institute of Technology, Newark, NJ; 3Lawrence Livermore National
Laboratory, Livermore, CA.

Abstract

The Phenyl + O, association results in a chemically activated phenyl-peroxy radical which can
dissociate to phenoxy radical + O, undergo intramolecular addition of the peroxy radical to
several unsaturated carbon sites or react back to phenyl + O,. The intramolecular addition
channels further react through several paths to ring opening (unsaturated + carbonyl moieties) as
well as cyclopentadieny radical + CO,. Enthalpy (AH ¢ (205)), Entropy (S2e3), and heat capacities
Cp(T) for species in the decomposition of the ring are evaluated using density functional and ab
initio calculations and by comparisons to vinyl + O, data of Mebel et al, and phenyl + O, data of
Hadad et al. Isodesmic reaction analysis is used to estimate enthalpy values of the intermediates
and well depths of the adducts. High Pressure limit kinetic parameters are obtained from the
calculation results using canonical Transition State Theory. Quantum RRK analysis is utilized to
obtain k(E) and modified strong collision or master equation analysis is used for evaluation of
pressure fall-off in this complex bimolecular, chemical activation, reaction system. Uncertainty in
key barriers is discussed, resulting variations in important reaction product ratios are illustrated,
and changes in these branching ratios are evaluated with a detailed reaction mechanism.

Introduction

The use and importance of aromatic compounds in fuels contrasts sharply with the limited
elementary reaction Kinetic data in the literature regarding their combustion kinetics and reaction
pathways. A number of experimental and modeling studies on benzene' °, toluene” **™* phenof
oxidation, exist in the literature; but it would still be helpful to have more data on species
concentration profiles, to understand or evaluate important reaction paths and to validate detailed
mechanisms. The above studies show that phenoxy radical is a key intermediate in the gas phase
thermal oxidation of aromatics; it is easily formed via abstraction of the weak phenolic hydrogen
atom from phenol. Rapid addition of hydroxyl to the aromatic carbons and elimination of H
atom10; which occurs even under atmospheric conditions, form the phenol. Work from the
Mackie'' and Louw " research groups has also shown that phenoxy radical is an important
intermediate in pyrolysis and oxidation of anisole and probably in other phenyl ethers. The
thermal decomposition of phenoxy" *'*'® shows an interesting mechanism in which the bicyclo
[3,1,0] hexenone radical is formed and then breaks the cyclic CO--C bond and eliminates carbon
monoxide to form the resonance stabilized cyclopentadienyl radical.
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Figure 1, Phenoxy Degradation Reaction Pathway

At higher temperatures this unimolecular C6 -> C5 degradation of the stabilized phenoxy radical
is the dominant reaction path.

Venkat et. al’ published a general reaction scheme for high temperature oxidation of aromatic
hydrocarbons that included cyclopentadienyl radical. They postulate that benzene decomposes
through the sequence:

C6 => (phenoxy) -> C5 (cyclopentadienyl) -->(+0,) => O + Cyclic CsH;O.
and cyclic CsHsO. => linear butadienyl radical (C=C-C=C.) + CO

Wang and Brezinsky'® recently reported a detailed analysis of cyclopentadienone (CsH,0)
unimolecular dissociation, which we show is in important product in cyclopentadienyl radical
oxidation, where the products were determined to be resonant stabilized cyclobutadienyl radical
+ CO.

Lovell, et al'. reported flow reactor data on benzene combustion at three oxygen concentrations,
corresponding to rich, lean and stoichiometric conditions; they showed initial oxygen
concentration significantly effects fuel consumption rates along with formation of carbon
monoxide and cyclopentadiene. They suggested that phenoxy degradation is major reaction path
for both carbon monoxide formation and benzene consumption. Lovell et al ' also reported
experimental data on perturbation of benzene oxidation by NO, addition. The benzene oxidation
rate doubled in the presence of NO, and they suggested additional reaction pathways, including
hydroxyl radical association with cyclopentadienyl radical.

A number of researchers have recently published benzene or toluene oxidation models; having
made a number of reaction rate modifications to better fit experimental data; but phenyl radical
reactions were not analyzed or treated in detail. Bittker' published a mechanism, which was
based upon previously published reaction paths for ignition delay times plus benzene and toluene
loss profiles. Bittker employed a sensitivity code to determine the important reactions and then
optimized the fit to the data by adjusting rate constants. Davis et. af’ modified the Brezinsky
groups' mechanism (phenol reactions) to better fit flame speed data. Tan and Frank®' published a
benzene oxidation model and use it for explanation of H and O atom production in their shock
tube data. Emdee et af’” report an updated mechanism for toluene oxidation based on Brezinsky’s
model"' ", They indicated that the branching reaction: C¢HsCH; + O, — C4H;CH, + HO, was of
major importance. In Emdee et al's* toluene mechanism the reactions of resonance stabilized
benzyl radical control the reaction at early times.

There are also recent publications that suggest new reaction paths are needed to model aromatic
oxidation and combustion.****** Zhang and Mckinnon et al’ published an elementary reaction
model of high-temperature benzene combustion under fuel rich conditions - near sooting
environment. They report that the flame speeds for benzene could not be matched by their model



and suggested that some important reaction paths may be missing. Shandross et af reported data
from molecular beam experiments on benzene flames and showed that current models strongly
overpredicted destruction of phenol at high temperatures. Shandross et al modified the phenol
reaction chemistry of Emdee and Brezinsky, of Linstedt and Skevis® and of Zhang and Mckinnon
to obtain improved results.

The research groups of Glarborg”, and of Tester et af'* have recently published benzene
mechanisms indicating that the products of phenyl radical with oxygen are uncertain and need to
be more clearly identified.

The formation of the very active phenyl radical in combustion systems is important and results
from an important class of reactions on aromatic compounds: that is loss a phenyl hydrogen,
through abstraction by radical pool species (primarily OH or Cl, H, or O). This occurs even at
moderate temperatures in several downstream zones of an incinerator. These radicals will rapidly
react with molecular oxygen in the combustion environment to form an energized adduct
(chemical activation), which can undergo further reaction through several complex pathways
resulting in a number of intermediates and products. The reaction paths, products and kinetics of
these radical reactions with O, are important to understanding and modeling the oxidation
chemistry of these and many other (related) aromatic species.

This study estimates thermodynamic properties of intermediates, transition states and products for
destruction of the first ring in this phenyl radical + O, reaction system. Thermochemical and
kinetic parameters are developed for each elementary reaction path and the flux through each
channel as a function of temperature and pressure is estimated using bimolecular chemical
activation analysis. An elementary reaction mechanism is constructed to model experimental data
performed at one atmosphere pressure, ambient conditions, in a combustor and in higher pressure
turbine systems, as well as at very high pressure oxidation in supercritical water.

The approach starts with and extends a mechanism initially proposed by Carpenter>’, who studied
the reaction of phenyl radicals with molecular oxygen (CsHs) using semi-empirical calculations.
Mebel et al. furthered the work of Carpenter on this vinyl system.”’ The research group of Hadad
have further studied and estimated Gibbs energy of reactants, TSTs and products in this phenyl +
O, reaction system using B3LYP density functional calculations*’*. The association reaction
results in a chemically activated phenylperoxy radical which can then dissociate to a phenoxy
radical + O atom or undergo unimolecular addition of the peroxy radical to the ipso carbon. This
intramolecular addition channel further reacts through several paths to ring opening and ring
expansion products; which are at much lower energies and are also chemically activated species.

Enthalpy (AH"295)), Entropy Sy, and heat capacities Cp(T) for species in the decomposition of
the first ring are evaluated using density functional calculations and by comparisons to vinyl + O,
calculation data of Mebel et al, and phenyl + O, data of Hadad et al. We show that the vinyl
radical is a good model for phenyl, where high level calculations on the smaller vinyl system can
be used to calibrate ab initio and density functional calculations on the phenyl system. Isodesmic
reaction analysis is used to estimate enthalpy values of the intermediates and well depths of the
adduct.

Kinetic Calculations

Unimolecular dissociation and isomerization reactions of the chemically activated and stabilized
adducts resulting from addition or combination reactions are analyzed by first constructing



potential energy diagrams. Thermodynamic parameters, Hf (208, St” 298), Cp(T), reduced vibration
frequency sets, and Lennard Jones parameters for species in each reaction path are presented.

High-pressure rate constants for each channel are obtained from literature or referenced
estimation techniques. Kinetics parameters for unimolecular and bimolecular (chemical
activation) reactions are then calculated using multi-frequency QRRK analysis for k(E)*'* The
master equation formalism of Gilbert et a* is used for fall-off with the steady state assumption
on the energized adduct(s).

Enthalpies and E,’s, in the text and in PE diagrams are at 298 K, while those in the tables listing
data input to the chemical activation reactions are for 1000 K, which we select as representative
of modeled combustion experiments.

Recent Modifications to the Quantum RRK Calculation Include:

a. Fall off is analyzed with master equation analysis.

b. Use of a manifold of three frequencies plus incorporation of one exteral rotation for
the density of states, p(E)/Q and in calculation of k(E) and of F(E).

c. The collision efficiency Bc is calculated with the calculated FE(T) factor instead of the
previously assigned 1.15 value. Bc is now calculated from Gilbert et af*, Eqn. 4.7.

d. The Leonard-Jones collision frequency Z;; is now calculated by Z; ;= Z Q integraf5 37
obtained from fit of Reid et af'’ .

The QRRK analysis with the "modified strong collision approach” and constant FE for fall-off
has been used to analyze a variety of chemical activation reaction systems, Westmoreland et af’"
3 Dean et af’, Bozzelli et af®**. There are a number of recent publications by other researchers,
that utilize the QRRK formalism with a more exact calculation of FE (as in this study) in the
modified strong collision analysis ***** or utilize just 2 QRRK formalism.**** Bauman notes its
suitability for explanation of product ratios in ion molecule reaction systems*. It is shown to
yield reasonable results in these applications, and provides a framework by which the effects of
temperature and pressure can be evaluated.

Computational Methods

All ab initio calculations are performed using the Gaussian 94 or Gaussian 98 program suites.”"
The structural parameters are fully optimized at B3LYP/6-311G(d,p) or B3LYP/6-31g(d,p)
levels of theory. Harmonic vibration frequencies and scaled zero-point vibrational energies
(ZPVE) are computed at the same level. The optimized geometry parameters are used to obtain
total electronic energies in B3LYP/6-311G(d,p), B3LYP/6-311+G(3df,2p), QCISD(T)/6-
31G(d,p) and CBSQ//B3LYP/6-31G(d,p) single point calculations.” ***¢ Calculation levels higher
that the B3LYP/6-311g(d,p) were only used for smaller molecules in this Phenyl + O, study.
Differences between density functional and higher level calculations on smaller molecules were
used to calibrate the density functional calculations as applied to larger phenyl-O2 adduct system.

B3LYP/6-31G(d,p) is chosen because it is commonly used and is reported to yield accurate
geometry and reasonable energies.”'”™"® Curtiss et al.””® recently reported that G3 (MP2) with
B3LYP/6-31G(d) geometries yield overall enthalpy values for alkyl hydrocarbons show a low
overall deviation from experimental values. Durant®'”"*® has compared density functional
calculations BHandH and B3LYP with MP2 and Hartree-Fock methods for geometry and
vibration frequencies. He reports that these density functional methods provide excellent



geometry and vibration frequencies, relative to MP2 at reduced computation expense.
Petersson™' et al. compared energy of density functional methods of B3LYP/6-
311+G(3df,2p)//B3LYP/6-31G with G2 study, and his CBS calculation methods and report that
they have been successful for a wide range of molecules. Wong and Radom”**** indicated the
B3LYP/6-31G(d,p) geometry corresponds closely to QCISD(T)/6-31G(d,p). Comparison of
calculation results from B3LYP/6-31G(d,p) against data from higher calculation levels in use of
working reaction for AH¢,gz, Will provide some calibration of the B3LYP/6-31G(d,p) values with
similar working reactions, for larger molecules, where this may be one of the few available
calculation methods.

B3LYP/6-311+G(3df,2p) is chosen to evaluate if this large basic set results in an improvement to
the above commonly used density functional calculation method.”"® QCISD(T)/6-31G(d,p) is a
configuration interaction method; but with a small, economical basis set.”***** CBS-Q calculation
is a high level composite method with empirical correction; it is reported to be nearly equivalent
to QCISD(T)/6-311+G(3df,2p).*'**** The CBS-Q method"*® attempts to approximate the energy
of a species at the infinite basis set limit by an extrapolation of the energies of pair natural orbital
at the MP2 level. The effects of going from MP2 to QCISD(T) are accounted for with an
additivity scheme. For the open-shell systems, there is also a correction for spin contamination in
the unrestricted Hartree-Fock wave function. The CBS-Q method has been shown to yield
reliable AHP,95 values for small (C, to Cs) molecules.””

Thermodynamic Properties Using ab initio Calculations

Enthalpy, AH¢,05, entropy, S°9s and heat capacities C,(T), (300 < T/K < 1500) are determined
primarily with Density Functional B3LYP/6-311G(d,p), B3LYP/6-31+G(d,p) calculation
methods. Comparisons to higher level calculations on the vinyl-OO system are made for the
phenyl peroxy radical, and the important transition state to Phenoxy + O atom.

Molecular structures and vibration frequencies are determined at the B3LYP/6-31G(d,p) density
functional calculation level. Vibration frequencies are scaled "’ by 0.9806 for zero point energies
(ZPVE). Enthalpies of formation are determined at each calculation level using the enthalpy of
reaction (AH,’,¢¢) with known enthalpies of other reactants in each of isodesmic reaction."2**%
Barriers for intramolecular rotation about the two carbon-oxygen or carbon — carbon single bonds
are analyzed versus torsional angle using B3LYP/6-31G(d,p) and B3LYP/3-21G levels of
calculation.

Transition states are determined from the thermodynamic properties determined in the
calculations and Cannonical Transition State Theory.

Input Data Requirements for QRRK Calculation

High pressure limit pre-exponential factor (Arrhenius A factor, A(T)) for the bimolecular addition
/ combination reactions is obtained from calculation and literature data. A factors for
isomerizations are obtained from cannonical transition state theory and the calculated saddle point
transition state structure and vibration frequencies. Entropies of hindered internal rotors are
included in the analysis. Enthalpies of the adducts are from isodesmic reaction analysis or
isodesmic reaction analysis with group balance if feasible, as is the case with phenyl peroxide
radical. Activation energies come from averaged enthalpy differences between calculated
enthalpies of the reactant and product adducts and the transition state. We feel the use of



isodesmic reaction values for adduct enthalpies provides in more accurate estimate of the
transition state enthalpies.

Results and Discussion — Potential energy Diagram and Kinetic Parameters

Enthalpies of Phenyl hydroperoxide and phenyl peroxy radical were analyzed using the isodesmic
reactions as illustrated in Table 1.

A potential energy diagram for the reaction of phenyl radical + O, is illustrated in Figure 2.

Nomenclature in this figure: PH represents phenyl, Y represents a cyclic structure, D is a double
bond (CDO is C=0), A e represents a radical site on the structure, and j represents a radical site
in the name. Several resonant structures are often present for a given species. The high pressure
rate constants, as a function of temperature (represented as k = A T" exp(-Ea/RT) with Ea in
kcal/mole), delta E down and energy grain in the master equation analysis for the reaction system;
and Lennard Jones parameters and vibration sets for the reaction species are illustrated in the
input file for the chemical activation reaction system — Appendix.

There are four reactions of high importance in the chemical activation (bimolelcular reaction) of
phenyl + O,. i. formation of phenyl peroxy radical (stabilization), with three reactions of the
activated of phenyl-peroxy radical; all of these have barriers lower than or similar to that of the
phenyl + O, inlet channel (reactants). These three important reaction paths of the activated phenyl
peroxy are: ii, dissociation to phenoxy radical plus oxygen atom (PhO. + O), iii. reaction to
isomer C6jYOO with the further reaction of this isomer to two product sets through the cyclic
oxy-pinoxy radical (YOC6jDO) , and iv. reaction back to phenyl + O,. There are two major
product sets for the forward reaction cyclic oxy-pinoxy radical, iii-a, a ring opening (RO)
channel to RODC6jDO and iii-b, a ring closure, formation of a bicyclic Y5;YO4DO. The
Y5jYO4DO undergoes further beta scission to open the newly formed 4 member ring, forming to
a cyclic cyclopentadienyl carboxy radical, and this carboxy radical dissociates (elimination
reaction) to CO, + cyclopentadienyl radical.

Phenylperoxy radical reactions to phenoxy + O and to back to phenyl + O, have loose transition
states, but higher barriers than reaction to oxypinoxy radical, which has a tight transition state. A
comparison of the calculated potential curves for this dissociation reaction versus PhO-O bond
distance with the corresponding bond cleavage for vinylperoxy radical is illustrated in figure 3.
The B3LYP calculated values are similar to those of the vinyl-OO reaction to vinoxy + O atom of
Mebel et al.*” The MP2 calculations show a significant barrier, which reverts to lower values with
higher level composite calculation methods.

The PhO—O potential diagram of figure 2 illustrates that the density functional calculations
illustrate the same pattern for both reaction systems, that is there is a very small or no barrier in
addition to the reaction endothermicity, for dissociation of phenylperoxy to PhO + O. The
density functional calculations are also similar to those determined by Mebel and Lin?” and we
conclude this dissociation is somewhat lower than the barrier previously estimated®°.

Results and Discussion - Chemical Activation Reaction — Phenyl + O,

Figures 4 and 5 illustrate the reaction product profiles as a function of temperature and of
pressure, respectively for the values determined and recommended in this study. The contribution
to the phenoxy + O atom channel is markedly increased. The reactions to ring opening and
dissociation back to reactants, phenyl + O, are both decreased significantly; but both are still



important channels. In this chemical activation reaction the ring opening product, RODC6DOP
(0O=Cj—C=C—C=C-C=0), is formed with 76 kcal/mole of excess energy. We treat this as an
energized adduct and allow dissociation (beta scission reaction) to CO + a vinylic linear C;HsO
radical (O=C--C=C--C=Cs). This vinylic radical will further beta scission (unzip) to two
acetylenes + HC.=O radical or rapidly react with molecular oxygen.

Results and Discussion - Unimolecular Dissociation of PHOO

Figure 6 illustrates the dissociation of the stabilized phenyl peroxy adduct to the several important
reaction channels as a function of temperature at 1 atm. The top figure shows the competition
between the two loose transition state channels: Phenoxy + O atom and Phenyl + O,; the lower
energy channel to phenoxy is dominant in this comparison. The bottom figure shows a more
complete analysis with isomer C6jYOO is the overall dominant channel. The important reaction
of this C6jYOO isomer is to YOC6jDO and subsequently to the two other important (final)
dissociation products RODC6jDO and cyclopentadienyl and CO,. For dissociation of this
phenylperoxy adduct two channels are competitive:

Phenoxy + O atom, and ring opening to CO + O=C--C=C--C=Ce.
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Table 1 - Standard Enthalpies of Formation (298 K, kcal/mole)

PHOOH + CH3;-CH; => Ph + CH;-CH,O0H

PHOOH + CH;=CH, => Ph + CH,=CHOOH

PHOO. + CH,=CHOOH => PHOOH +CH,=CHOO.

PHOO. + CH;-CH,OOH => PHOOH + CH;-CH,00.

PHCOOH + CH;-CHj; => Toluene + CH;-CH,OOH

PHCOOH + CH;=CH-CH;=> Toluene + CH,=CH-CH,O0H

PHCOO. + CH;00H => PHCOOH +CH;00.

PHOOH =-3.377

PHOOH =-2.149
Average = -2.763

PHOO. = 31.77
PHOO. = 30.83
Average = 31.30

PHCOOH = -8.13

PHCOOH = -7.19
Average = -8.02

PHCOO. = 29.81
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APPENDIX

Mar 2001 {chemast) PH « OZ => Products  low for sensitiity

ChemMaster chemaci outpul for mac spreadsheet

reaciants: PH + 02

Plam) TK) 10007 PHOQJ
1.00E-03 €00 1867 12,398
1.00E-03 900 1111 10187
1.00€-D3 1200 0.833 7.698
1.00E03 1500 0,887 5354
1.00E-03 1800 0.556 341
1.00€-03 2100 0476 1.867
1.00£-03 2500 0.4 0.284

Pam) T{K) 1000 PHOOS
1.00E02 600 1.667 13.038
1.00E-02 900 1.1 11.438
1.00E-02 1200 0.833 9.266
1.008-02 1500 0.567 7.008
1.00€-02 1800 0.556 5.124
1.00€-02 2100 0476 3.805
1.00E-02 2500 0.4 2047

Plam) T 10007 PHOOY
1.00€-01 800 1.867 13.352
1.00-01 900 11 12.386
1.00E-01 1200 0.833 10,828
1.00E-0t 1500 0.667 8535
1.00E-01 1800 0.556 6672
1.00E-01 2100 D476 5173
1.00E-01 2500 0.4 3632

P@m) T(K) 1000 PHOOU
1006400 800 1667 13455
1.00E+00 900 1111 1302
1.00€+00 1200 0.833 11.778
1.00E+00 1500 0.667 8911
1.00E+00 1800 0556 8099
1.00E+00 2100 0478 6619
1.00E+00 2500 0.4 5.002

P(am) T(K) 10007 PHOOJ
1.00E+01 600 1,667 13.475
1.00E+01 900 1111 13347
100401 1200 0833 12.851
1.00£+01 1500 0667 11154
1.00E+01 1800 055 2.417
1.00E+01 2100 0.478 7.955
100E+01 2500 04 6.443

Flam) T 1000/ PHOO
200E+02 600 1867 13477
2.00E+02 900 1111 13.465
2.00€+02 1200 0833 13.285
200E+02 1500 0.667 1251
2.00E+02 1800 0.556 11.002
200E+02 2100 0.478 9574
2,006+02 2500 04 8077

T logF (atm) PHOY PH+ 2
00 -3 12.308 11.325
600 -2 13.039 125
610 -1 13.352 10.98
600 0 13455 10.386
600 1 12475 9518
600 2301 13477 8.242

) nugP(m) PHOOS PH+ 02
200 10.187 11815
900 -2 11438 1.813
200 -1 12.38 1.797
900 ] 13.02 11.705
900 1 13.347 11,394
800 231 13.465 1051

T  tog P (am) PHOOJ PH+ 02
1200 -3 7.698 12045
1200 -2 9.266 12.045
1200 -1 10626 12.044
1200 [ 11778 12.039
1200 1 12651 12
1200 2301 13.285 11.697

PH« 02

1325
1| 815
12,045
12147
12163
12.146
12109

PH + 02
11.25
11813
12,045
12,147
12,163
12.148
12.108

PH+O2

10.9
1797
12044
12147
12.163
12,148
12109

02

16.386
1705
12039
12.147
12183
12.146
12.109

PH+ 02

9.518
1.3%4

12
12.144
12163
12,946
12.109

PH+ Q2
8242
105t

11.697
12101
12156
12143
12.108

YOC&IDOA

B 851

vooam

B 917
9.204
9347
8.401
9418

942

YOCEIDOA

YOCEJD0A

8023
8.908
9.203
9.347
8401
2418

942

YOCBJIDOA

7422
8.814
9.198
9347
2.401
9418

842

YOC6JDOA

6.551
8497
8.157
9.344
9.401
9.418

942

YOGE400A

5.274
7.608
8851

93
9.395
9415
9418

PHOMO
13.258
131156
12728
12.04
11123

9.837

PHONG
13.386
13.363
13.332
13.188
12.784
11.831

PHOMO
13391
13.391

13.39
13.382
13322
12,949

Low jwb 7 N sebar

mwo ISOM ( 2<- 1) CBIYOO

13.259 14.324 3923

13.366 13851 1435

13391 13.486 907

13.402 13.242 3476

13.407 13.1921 543

1341 13068 4978

13413 13.041 8545
PHOMO  ISOM (2. 1) CBIYOO

13115 14.078 4585

13.363 13.849 2688

13381 13.487 046

13.402 13.243 -1802

13407 1122 a7

13.41 13.089 5,239

13413 13.041 5794
PHOBO  ISOM{ 2¢- 1) CAYOO

12728 13.556 4888

13332 13.793 3837

12.39 13491 1824

13402 13243 0204

13.407 13,122 2188

13.41 13,089 3671

13.413 13041 5211
PHOWNO  ISOM ( z<- u CBIYO0

12034 5087

13.188 13 ses 4293

13362 13484 2983

13402 13246 1.087

13407 13122 0738

1341 13.069 2223

13413 13,061 375
PHOMO  ISOM ( 2¢- 1) CBJYOD

1123 1815 5293

1279 13068 a697

1332 13389 3891

13399 13252 2345

13407 13125 058

13.41 13.07 0881

13413 13042 239
PHOMO  ISOM ( 2<- 1) GBIYOO

2837 10821 6105

11831 12014 5037

12.949 12.907 4588

13352 13.207 aror

13.406 13138 215

1341 13078 0708

13413 13045 08

ISOM (2<- 1) C&IYOO  ISOM (1<-2)

14324 3923 14305

14.079 4.565 14057

13556 4888 13531

12763 5057 12735

11815 5293 11.785

10.521 €105 10482

ISOM ( 2<- 1) CBIYOO  ISOM(1<-2)

13.851 1.435 13812

13848 2688 13811

13783 3.637 13753

13.569 4293 13525

13.068 4697 13.017

12011 5,037 11.95

ISOM ( 2<- 1) CBIYDO  1SOM( |<.z)

13.486 1107 342

13.487 046 13,422

13.491 1824 13.426

13.484 2,983 13419

13.389 3891 13.321

12.907 4584 12,829

ISOM ( |«. z) ISOM ( 3<- z)vocmuo RODCBJDO vocs»co ISOM (2€.3)  ISOM {4<-3) YSJYO4DO CYSJ*COZ  ISOM (3<-4) ISOM(5<-4) YCS50CIDO cvs»coz ISOM ( 4< 5) Sum (fumm) Sum (@
1296 850 12.954 4401 11197 10624 11.194 8743 8907 115 13477
1: su |z.7u -7.02 12773 a.sas 5581 1471 -10684 11166 9,007 9.16 11522 aass o.e\s |3.4ss 13477
1342 12.632 7415 12617 887 6417 11183 -11.254 11183 9245 2380 12012 8173 8982 13461 13477
13.149 12528 -8.101 12,508 8985 6876 181 11543 11,146 9404 9543 12001 9353 9004 13456 13.477
13,009 12478 8388 12.457 206 7082 e 1842 11.142 9483 9619 12384 9441 9.148 1345 13477
12947 12458 £713 12436 9,095 7.182 1116 11678 11a 9521 985 12008 5485 9.169 13486 13477
12913 12.489 2998 12427 9.123 7.25 118 -12.284 11138 9547 0681 2707 2516 9.181 13458 13477
ISOM { 1<-2) ISOM (3<- 2)YOCRID0  RODCEIDC vocshoa (SOM ( Z<- sy 1SOM (4<~ 3) vmomo cvymz :sou (3<-4) ISOM(5<- 4) YCS0C.DO cvmocoa ISOM ( 4<-5) Sum (forward) Sum (a)
14057 12.767 5753 12.758 4.34 026 819 8605 87 10692 8484 13475 13477
13811 12779 6,021 12.769 e.ws 5 se me7 —s.w 11 ‘ez 9.004 9157 10526 s.sss 8812 18468 13477
13422 12632 6415 12617 887 6417 1983 -10.254 11,153 9244 9389 -11012 8173 8982 13461 13477
13.149 12528 71 12,508 8995 6876 1061 -10543 11.148 9.404 9543 .11.001 9353 9084 13456 13.477
301 12478 7,388 12457 9.06 7.082 11161 10642 142 9483 8619 11384 9441 9.146 13456 13.477
12,047 12.458 713 12436 9085 7.182 116 -10878 1114 9521 965 11,008 9485 9.169 1345 13477
12513 12.449 -7.998 12.427 8123 7254 118 11284 11.138 9.547 988t 11707 9516 9181 13458 13477
ISOM ( 1<-2) 1SOM { 3<- 2)YOCBJD0 RODCAIDO YOCSHCO ISOM (2<-3) ISOM(4<3) YS/YOADO CYSIHCOZ  ISOM{ 3(- 4) 1SOM 5<. 4) YCS0CID0 cvsuocoz 1SOM ( 4<- 5) Sum (forward) Sum (ai)
13531 1231 2911 12,301 7958 414 10603 9239 106 -10.106 8108 13476 13477
13783 12,787 -4.481 12726 866 5574 1938 8725 11,128 s.sm n.m 5554 a.m 878 13468 13477
13426 12632 5413 12617 8869 6418 M6 9254 11.153 9.244 9388 10013 9172 8982 13461 13477
1315 12.528 8008 12509 8395 6876 11.181 9.543 11146 2404 9543 10001 9353 9.094 13458 13477
13.01 12478 £.387 12.457 908 7.0802 11.161 8842 11,142 9.483 9619 -10.383 9441 9.146 1345% 13477
12947 12.458 %713 12.438 9005 7182 1ne 9867 n1a 8521 9656 10,008 8485 5.189 1345 13477
12913 12.449 9% 12427 9.122 7284 1116 -10.284 Mn.138 9,547 o681 10707 9518 9181 13458 13.477
ISOM ( 1<- 2) ISOM ( 3<-2)YOCHIDO  RODCAIDO YOCSHCO  1SOM (2<-3)  ISOM( 4« 3) YSJVOADO CYSJCO2  ISOM(3<-4) ISOM (5<-4) YCSOCUDO CYSISCOZ ISOM (4<-5) Sum (fmd) Sum (@)
1273 1.564 5841 11.555 7268 3628 £.961 9878 7.561 4565 7.42 7417 13477
13525 u,ssa 348 12546 8534 5528 'o.sm 7.894 10875 8.865 8.017 7.865 8763 8662 13.47 13.477
13419 12623 0503 12,808 8883 6414 11.154 8262 11144 9738 9.382 902 9.166 8975 13461 13477
13154 12528 2928 1251 8904 8876 1961 8541 11,148 9.404 9.543 0,001 9353 2083 13456 13477
1301 12478 5291 12.457 9.06 7081 11161 £.842 11.142 9.483 9619 2383 9441 8.146 1345  13.477
12047 12458 5712 12436 9.095 7182 1116 8678 11.14 9.521 9.656 .08 9.485 9.169 1345 13477
12913 12,449 5998 12427 9122 7.254 116 8283 11.138 9.547 2,601 |.707 8516 9,181 13458 13.477
1SOM { 1<-2) 1SOM ( 3 21vocs.|oo RODC6JDO vocs.kco ISOM (2<-3)  1ISOM ( 4<. 3) Y5IYO400 &ocoz ISOM { 3<- 4) ISOM ( 5<. 4) YCS50CID0 CY50+COZ  ISOM (4<- 5) Sum (forward) Sum (af)
11785 10612 2716 £015 741 0521 6441 13477 13477
13017 |2 us 0.241 12,102 aves 5312 m.su 7.302 m 567 a 513 e.esz -1.861 8417 5.297 13474 13477
13321 12567 6588 12532 8811 6394 11091 733 11,081 9.191 9,335 -4.169 9121 8924 13462 13477
13161 12528 3906 1251 8991 6872 1158 753 1144 94 9538 £.7% 9349 9.08 13458 13477
13.014 12479 1.119 12458 9058 7.08 [ER T T 11,142 9.482 9618 8.3% 9.44 9.145 13456 13477
12,948 12458 -1.198 12.436 2085 7.181 116 7678 114 952 9,656 8.008 9.484 9.168 13456 13477
12914 12,449 -3.608 12.427 9122 7.253 11159 8281 11138 9,546 9681 8.706 9515 9181 13458 13477
ISOM { 1<- z) 1SOM 3< 2)YOCEIDO  RODCEIDO vocsnoo ISOM (2<-3) {SOM (4<-3) YSIYO400 cvsm:oa ISOM { 3¢-4) ISOM ( 5<-4) YCSOCJDO CY5J+COZ  ISOM ( . 5) Sum (lerw:m) Sum (all
9.208 8726 7 6951 0.122 4.5 4734 3.208 4398 134 13477
" 954 11.ms 10.422 10.992 1 u« 4385 9439 a8z sm 7.402 755 293 7308 7 ns 13.477 13477
12829 12123 10.424 12,009 8423 6.122 10673 1951 10.661 8817 8958 1,183 8751 8539 1347 13477
13117 1248 9.185 12,481 8924 6807 11.006 3602 11,081 9333 9472 D441 9.261 9023 13458 13477
13.08 12483 694 12462 9044 7052 11153 5995 11135 9.464 9,801 -2.53 9421 943 13456 13.477
12.957 12461 4.865 12439 9,086 7.163 1115 6364 11037 951 9646 4435 9474 2.18 13457 13477
12918 12.451 2663 12.428 9.147 7241 1357 690 11,13 954 9674 542 2508 9.176 13458 13477
ISOM {3<-2) YOCBIDO RODCEIDO YOCSHCO ISOM (2<- 3) ISOM (4<-3) YSIYOADO  CYSJ+COZ ISOM( 3¢ 4) ISOM ( 5<- 4) YCS0CID0 cva»coz ISOM «- 5) Sum «nmam) Sum (all
12961 8501 12,954 8482 4401 a7 10624 11184 115 629 13477
12767 5753 12,750 8.344 4349 11026 9813 11023 e_sos s.m 10602 5.«9 a 484 |3 478 13477
12.31 0911 12300 7.950 414 10.808 023 106 8238 8397 10,106 8089 8103 13.476 13477
11.564 5841 11.555 7.268 3626 92883 2961 9879 7.561 r.72 4565 742 7417 13477 13.477
10632 2045 10612 629 2716 8812 4015 8.908 6582 6.741 0521 6441 6439 13477 13477
9333 9,208 8726 4295 0724 6851 0122 6948 4575 4734 3208 4394 4445 13.477 13477
ISOM { 3<-2) YOCEIDO  RODCAIDO YOCSHCO ISOM ( z<- 3) ISOM ¢ 4<- 3) YSIYOADO  CYSJ+CO2 ISOM( 3<. 4) ISOM ( 5<- 4) YCSOCU00 cvmocoz ISOM { 4<- 5) Sum (forward) Sum (al)
12784 7.02 12773 8688 10684 11.166 .16 11522 8815 13.468 13.477
12779 8021 12.769 8606 s.ss n 151 0887 11182 s oo4 9.157 e m 8812 13.468 13477
12737 4481 12726 866 5574 11433 8725 s 8.981 9.134 8874 8.766 13,488 13477
12.558 348 12546 8534 5528 10981 78% 10875 8885 9017 8.763 8662 1347 13477
12115 8241 12.102 8165 5312 10574 7302 10567 8513 8662 8417 8207 13.474 13477
.105 10422 10.992 7.044 4355 9439 0852 9.431 7402 7.55 7.308 rar8 13477 13477
1SOM ( 3<- 2) YOCRIDO  RODCAIDO YOCSJ+CO  ISOM ( 2<- 3) 1SOM 4<- 3) YSJYO4DD CYSISCOZ ISOM( 3<. 4) 1SOM (5<-4) YC50CIDO cvs»coz ISOM ( 4<- 5) Sum («ma) Sum (all)
7415 12617 887 1163 25 11483 9388 42012
«z.saz 5415 12617 aa7 e.«w mse 0254 11,153 9.244 9388 11012 9 173 e 952 13 461 |3 477
12632 5413 12617 8.869 6416 1363 9254 11183 9244 9.388 10013 9.472 8982 13.461 13477
12623 0.503 12.608 8.863 6414 11.154 8262 11144 9238 9382 .02 2,168 8975 13.461 13477
12.547 6586 12532 8811 6394 1100 7333 11.081 9.491 2335 4169 9.421 8924 13.462 13477
12.123 10424 12,088 8423 6122 10673 -1.951 10.661 8817 8959 1.183 8751 8538 1347 13477



T
1

T®

T
2

2100

log P (alm) PHOOY
-3 5354
2 7.028
E 2535
0 9911
1 1.151
2301 1251
tog P (aim) PHOOJ
-3 341
-2 5124
-1 6672
[ 8.009
1 9.417
2301 11.002
fog P (atm) PHOOU
-3 1.867
-2 3.605
-1 5173
[ 6619
1 7955
2.301 2574

T fog P (atm) PHOOS
2 -3 0.

-2

-1

0

1
2301

2047
3832
5082

8. 077

PH+ 02

12.187
12.147
12.147
12.147
12.144
1211

oz

12.183
12963
12.163
12.183
12.163
12.156

o2

12.146
12,148
12,148
12.148
12146
12143

oz

12.108
12109
12.109
12.109
12109
12108

94347
9.347
8.347
9.344

23

YOC6JO0A

9401
9.401
2.401
8.401
9.401
9.395

YOC6JDOA

9418
9.418
9418
8418
9418
9415

VOCGJDOA PHOMO

13.402
13.402
13402
13.402
13.399
13352

PHOMO
13407
13407
13.407
13.407
13.407
13405

PHOHO
1341
1341
1341
1341
13.41
1341

PHOM1O
13413
13413
13413
13413
13413
13413

ISOM { 2¢- 1) C6JYO0

13242 3478
13.243 802
13243 0.204
13.246 1.087
13.282 2,345
13.207 arnr

(SOM ( 2<- 1) CBIYOO
13421 543
13122 377
13.122 -2.168
13.122 -0.738
13.125 058
13.138 2156

ISOM ( 2<- 1) CBIYO0
13.069 -6.976
13.068 5238
13.089 -3671
13060 -2.223
13.07 -0.881
13078 0.708

ISOM ( 2¢- 1) CBIYOO
13.041 B.545
13.061 8794
13.041 -5.211
13041 -375
13042 -2.398
13.045 08

ISOM { 14-2) ISOM ( 3<-2) YOC6JDO  RODCBIDO VOCSJ*CO ISOM 2<- 3) ISOM ( 4<- 3}

13,149 12528 8101 12.509
13.149 12528 71 12509

1315 12528 -6.096 12,509

13,154 12529 -2928 125

13.161 12528 3.908 1251

13197 1248 9185 12461
ISOM(K-z) ISOM ( 3«- 2} YOOBJDO  RODC&IDO
3.009 12478 8388 12457

!3.0| 12478 -7.388 12457

1301 12478 £.387 12457

13.01 12478 -5.291 12457

13014 12479 1119 12458

1303 12483 694 12462

ISOM ( 1<-2) ISOM ( :<. z) YOCBD0  RODCBIDO
12947 £713 12436

12547 '24458 -7713 12438

12.947 12458 713 12438
12.947 12458 5712 12436

12949 12458 -1.198 12436

12.957 12461 4865 12439
ISOM { 1<-2) ISOM ( 3¢- 2) YOCBIDO  ROOCBIDO
12913 12.449 -8.998 12427
12913 12,449 -7.998 12427
12913 12.448 .99 12427

12993 12449 5.008 12427

12914 12449 3608 12427
12918 12.451 2663 12428

11161

8.995 s.av& 11161

8.995 6876 11161

8.994 8876 11161

8.991 6872 11458

8.924 6.807 11.098
vocs»co 1S0M { 2<- 3) ISOM { 4<-3)

11.161

9 06 7.062 11181

9.06 7.082 1161

9.08 7.081 11161

9.059 7.06 11.16

0.044 7.052 11153
Yocs.»co ISOM ( 2<- 3) ISOM ( 4<- 3)

7.182 .16

9095 7.182 11.18

9.085 7.182 1.8

9.095 7.182 11.16

9.095 7.181 1m.18

9.086 7163 1156
YOCSHCO  ISOM ( 2<- 3) ISOM (4<-3)

9.123 7.254 11.16

9123 7254 11.16

9.122 7.254 1.6

9122 7.254 1.16

9.122 7.258 1.159

9.117 7241 11187

Y5JY0400 CV&IOCOZ FSOM(CK-J) lSOM(5<—4) YC50GJDO CVSJ’COZ
543 2,001

9.543
9.543
9.543
8.539
9.472

-||.001
-10.0M
-9.001
-8.736
-0.441

9.353
9.353
9.353
9.349
9.281

ISOM { 3<-4) ISOM ( 5<-4) YCSOCUDO  CYSJ+COZ
9.483 2619 ~12.384 9.441

9619
9819
9619
2618
8.601

9.656
9.656
9656
8.656
9646

ISOM ( 5<- 4)
9681
9.681
9.681
8.681
9681

-1
-10.543 11.146 9.404
8543 11,448 9404
-8.541 11.146 9.404
-7.536 11.144 94
-3692 11.081 9.333
Y5/¥04D0  CYAIsCO2
-11.642 11.142
-10.642 11.142 9.483
-9.642 11.142 9483
8642 11.142 9.483
-7.641 11.142 9.482
5995 11135 9484
SO0 cvs»coz ISOM (3¢ 4) 1SOM ( s 4)
-11.6] 9.52
-10. 575 11.14 9.521
-9.678 11.14 9.521
$.678 114 8.521
-1.678 114 952
-6.364 11137 351
YSYOADO  CYSICOZ 1SOM (3< 4)
-12.284 11.138
A1 11438 9.5«7
-10.284 11138 8547
+9.283 11.138 9.547
-8.281 11.138 9.546
6941 11,138 854

9.674

-11.384
-10.383
-8.383
-8.336
~2.53

2441
8.441
9.441

9.44
9.421

YCSOCH00 CVSPCOZ

-12.008
-11.008
-10.008
-8.008
-8.008
-4.435

-12.707
11707
-10.707
8707
-8.708
£42

9.485
9485
9.485
9.484
9.474

9 5\6
8.516

ISOM ( 4c 5) Sum (‘ormrd) Sum (al)

1SOM { 41— 5) Sum «w-rd) Sum (al)
3458

9.146
9.146
8.146
9.145

9.13

|3.456
13.456
13.456
13.458
13.458

13 456
13.456
13456
13.456
13.456

13477
13477
13477
13477
13477
13477

13477
13477
13477
13477
13477
13477

1SOM (l‘— 5) Sum «md) Sum (ail}

94169
9.189
9.168
2168

8.16

9.151
9.181
9.181
9181
9176

13.458
13.456
13.456
13.456
13.457

13.‘56
13458
13.458
13458
13458

13477

CYSJ*CDZ ISOM { k» 5) Sum (k:rwwd) Som (affy

13477
13477
13477
13477
13477
134717



ChemMaster dissoc output for mac spreadsheet

reactants: PHOOJ

P(atm) T(K)
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03

P (atm} T (K)
1.00E-02
1.00E-02
1.00E-02
1.00E-02
1.00E-02
1.00E-02
1.00E-02

P (atm) T (K)
1.00E-01
1.00E-01
1.00E-01
1.00E-01
1.00E-01
1.00E-01
1.00E-01

P (atm) T (K)
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00

P (atm) T(K)
1.00E+01
1.00E+01
1.00E+01
1.00E+01
1.00E+01
1.00E+01
1.00E+01

600

900
1200
1500
1800
2100
2500

600

900
1200
1500
1800
2100
2500

600

900
1200
1500
1800
2100
2500

600

900
1200
1500
1800
2100
2500

600

900
1200
1500
1800
2100
2500

1.667
1.111
0.833
0.667
0.556
0.476

0.4

1.667
1.111
0.833
0.667
0.556
0.476

0.4

1.667
1.111
0.833
0.667
0.556
0.476

0.4

1.667
1.111
0.833
0.667
0.556
0.476

0.4

1.667
1.111
0.833
0.667
0.556
0.476

0.4

PH + 02

-6.153
-0.436
1.503
2.152
2.373
2.45
2.47

PH + 02

-5.203
0.543
2.491
3.144
3.368
3.446
3.468

PH + 02

-4.453
1.417
3.415
4.093

4.33
4.417
4.446

PH + O2

-4.04
2.091
4,209
4.943
5.211
5.318
5.365

PH + 02

-3.913
2.539
4915
5.775
6.106
6.247
7.117

-9.105
-3.295
-1.289
-0.588
-0.325
-0.212
-0.152

YOC6JDOA

-8.155
-2.315
-0.3
0.404
0.67
0.784
0.846

YOC6JDOA

~7.406
-1.442
0.623
1.352
1.632
1.755
1.824

YOC6JDOA

-6.999
-0.777
1.407
2.193
2.504
2.647
2.735

YOCB8JDOA

-6.874
-0.339
2.099
3.01
3.382
3.559
4.463

YOC6JDOA PHOJ+O

-4.495
1.363
3.402
4.128
4.413
4.544
4.625

PHOJ+O
-3.549
2.339
4.388
5.119
5.407
5.539
5.622

PHOJ+O

-2.82
3.193
5.295
6.053
6.357

6.5
6.592

PHOJ+O
-2.447
3.799
6.015
6.831
7.169
7.337
7.453

PHOJ+O
-2.341
4.158
6.585
7.506
7.896
8.092
8.936

C6JYOO

-3.979

1.897

3.95

4.687

4.98

5.118

5.208

C6JYOO
-3.037
2.871
4.934
5.676
5.973
6.112
6.204

C6JYOO
-2.326
3.708
5.827
6.598
6.913
7.065
7.167

CeJYOO
-1.98
4.267
6.495
7.326
7.677
7.856
7.988

C6JYOO
-1.888
4.565
6.965
7.881
8.274
8.479
9.233

QRRK (tot)
-3.861
2.01
4.059
4.794
5.085
5.221
5.309

QRRK (tot)
2918
2.984
5.044
5784
6.078
6.216
6.305

QRRK (tot)
-2.202
3.825
5.94
6.708
7.02

7.17

7.27

QRRK (tot)
-1.849
4.397
6.621
7.448
7.796
7.972

8.1

QRRK (tot)
-1.754
4.712
7.119
8.036
8.428
8.63
9.413



P (atm)

2.00E+02
2.00E+02
2.00E+02
2.00E+02
2.00E+02
2.00E+02
2.00E+02

T(K)

600

200
1200
1500
1800
2100
2500

T (K)
600
600
600
600
600
600

T (K)
900
900
900
900
900
900

T (K)
1200
1200
1200
1200
1200
1200

T (K)
1500
1500
1500
1500
1500
1500

T (K)
1800
1800
1800
1800
1800
1800

1000/T

1.667
1.111
0.833
0.667
0.556
0.476

0.4

log P (atm)
-3

2

-1

0

1

2.301

log P (atm)
-3

-2

-1

o

1

2.301

log P (atm)
-3

-2

--1

0

1

2.301

log P (atm)
-3

2

-1

0

1

2.301

log P (atm)
-3

PH + 02

-3.892
2.749
5.601
6.901
7.544
7.907
8.082

PH + 02
-6.153
-5.203
-4.453

-4.04
-3.913
-3.892

PH + O2
-0.436
0.543
1.417
2.091
2.539
2.749

PH + 02
1.503
2.491
3.415
4.209
4.915
5.601

PH + 02
2.152
3.144
4.093
4.943
5.775
6.901

PH+ 02
2.373
3.368
4.33
5.211
6.106
7.544

-6.854
-0.134
2771
4.116
4.798
5.195
5.41

YOCG6JDOA
-9.105
-8.155
-7.406
-6.999
-6.874
-6.854

YOC6JDOA
-3.295
-2.315
-1.442
-0.777
-0.339
-0.134

YOC6JDOA
-1.289

-0.3

0.623

1.407

2.099

2.771

YOC6JDOA
-0.588

0.404

1.362

2193

3.01

4.116

YOC6JDOA
-0.325

0.67

1.632

2,504

3.382

4.798

YOC6JDOA PHOJ+O

-2.325
4.308
7.093
8.372
9.028
9.419
9.644

PHOJ+O
-4.495
-3.549

-2.82
-2.447
-2.341
-2.325

PHOJ+O
1.363
2.339
3.193
3.799
4.158
4.308

PHOJ+O
3.402
4.388
5.295
6.015
6.585
7.093

PHOJ+O
4128
5.119
6.053
6.831
7.506
8.372

PHOJ+O
4.413
5.407
6.357
7.169
7.896
9.028

C6JYO0

-1.874
4673

7.32

8.491

9.079

943

9.641

C6JYOO
-3.979
-3.037
-2.326

-1.98
-1.888
-1.874

C6JYOO
1.897
2.871
3.708
4.267
4.565
4.673

C6JYOO
3.95
4934
5.827
6.495
6.965
7.32

C6JYOO
4.687
5.676
6.598
7.326
7.881
8.491

C6JYOO
4.98
5.973
6.913
7.677
8.274
9.079

QRRK (tot)
-1.739
4.832
7.527
8.743
9.362
9.732
9.95

QRRK (tot)
-3.861
-2.918
-2.202
-1.849
-1.754
-1.739

QRRK (tot)
2.01
2.984
3.825
4.397
4712
4832

QRRK (tot)
4.059
5.044

5.94
6.621
7.119
7.527

QRRK (tot)
4.794
5.784
6.708
7.448
8.036
8.743

QRRK (tot)
5.085
6.078

7.02
7.796
8.428
9.362



T(K)

TK)

2100
2100
2100
2100
2100
2100

2500
2500
2500
2500
2500
2500

ChemMaster dissoc output for mac spreadsheet

reactants: C6JYOO

P (atm}) T(K)
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03

P(atm) T(K)
1.00E-02
1.00E-02
1.00E-02
1.00E-02
1.00E-02
1.00E-02
1.00E-02

P(atm) T(K)
1.00E-01
1.00E-01
1.00E-01
1.00E-01
1.00E-01
1.00E-01
1.00E-01

600

900
1200
1500
1800
2100
2500

600

900
1200
1500
1800
2100
2500

600

900
1200
1500
1800
2100
2500

logP (atm) PH+02  YOC6JDOA PHOJ+O
-3 2.45 -0.212 4.544
-2 3.446 0.784 5539
- 4.417 1.755 6.5
0 5.318 2.647 7.337
1 6.247 3.559 8.092
2.301 7.907 5195 9.419

log P (atm) PH+ 02  YOC6JDOA PHOJ+O
-3 247 -0.152 4.625
-2 3.468 0.846 5622
-1 4.446 1.824 6.592
0 5.365 2.735 7.453
1 7417 4463 8.936
2.301 8.082 5.41 9.644
1000/T PHOOJ  YOC6JDO QRRK (tot)
1.667 -3.973 -4.591 -3.879
1.111 1.952 1.327 2.044
0.833 3.998 3.368 4.089
0.667 4.717 4.084 4.808
0.556 5.001 4.366 5.092
0.476 5.134 4.496 5.224
0.4 5.22 4.58 5.31
1000/T PHOOJ  YOC6JDO QRRK (tot)
1.667 2.973 -3.591 -2.879
1.111 2.952 2.327 3.044
0.833 4.998 4.368 5.089
0.667 5.717 5.084 5.808
0.556 6.001 5.366 6.092
0.476 6.134 5.496 6.224
0.4 6.22 5.58 6.31
1000/T PHOOJ  YOC6JDO QRRK (tot)
1.667 1.973 -2.592 -1.879
1.111 3.952 3.327 4.044
0.833 5.998 5.368 6.089
0.667 6.717 6.084 6.808
0.556 7.001 6.366 7.092
0.476 7.134 6.496 7.224
0.4 7.22 6.58 7.31

C6J4YOO
5.118
6.112
7.065
7.856
8.479
943

C6JYOO
5.208
6.204
7.167
7.988
9.233
9.641

QRRK (tot)
5.221
6.216

7.17
7.972
8.63
9.732

QRRK (tot)
5.309
6.305

7.27
8.1
9.413
9.95



P (atm)

1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00

P (atm)

1.00E+01
1.00E+01
1.00E+01
1.00E+01
1.00E+01
1.00E+01
1.00E+01

P (atm)

2.00E+02
2.00E+02
2.00E+02
2.00e+02
2.00E+02
2.00E+02
2.00E+02

T (K)
600

900

1200

1500

1800
2100
2500

T (K)
600

900

1200

1500

1800
2100
2500

T (K)
600

900

1200
1500
1800
2100
2500

T (K)
600
600
600
600
600
600

T(K)
900
900
900
900
900
900

T(K)
1200
1200
1200
1200
1200
1200

1000/T PHOOJ  YOC6JDO QRRK (tot)
1.667 -0.973 -1.592 -0.88
1111 4.952 4.327 5.044
0.833 6.997 6.368 7.089
0.667 7.717 7.084 7.808
0.556 8.001 7.365 8.092
0.476 8.134 7.496 8.224

0.4 8.22 7.58 8.31

1000/T PHOOJ  YOCBJDO QRRK (tot)
1.667 0.022 -0.597 0.115
1.111 5.949 5.324 6.042
0.833 7.996 7.367 8.088
0.667 8.716 8.083 8.807
0.556 9 8.365 9.091
0.476 9.134 8.496 9.224

0.4 9.22 8.579 9.309

1000/T PHOOJ  YOC6JDO QRRK (tot)
1.667 1.238 0.62 1.332
111 7.206 6.581 7.298
0.833 9.268 8.639 9.36
0.667 9.996 9.364 10.087
0.556 10.286 9.65 10.376
0.476 10.422 9.784 10.512

0.4 10511 9.87 10.6

log P (atm) PHOOJ  YOC6JDO QRRK (tot)
-3 -3.973 -4.591 -3.879

2 -2.973 -3.591 -2.879

-1 -1.973 -2.592 -1.879

0 -0.973 -1.592 -0.88

1 0.022 -0.597 0.115

2.301 1.238 0.62 1.332

log P (atm) PHOOJ  YOC6JDO QRRK (tot)
-3 1.952 1.327 2.044

-2 2.952 2.327 3.044

-1 3.952 3.327 4.044

0 4.952 4.327 5.044

1 5.949 5.324 6.042

2.301 7.206 6.581 7.298

log P (atm) PHOOJ  YOC6JDO QRRK (tot)
-3 3.998 3.368 4.089

-2 4.998 4.368 5.089

-1 5.998 5.368 6.089

0 6.997 6.368 7.089

1 7.996 7.367 8.088

2.301 9.268 8.639 9.36



T (K)
1500
1500
1500
1500
1500
1500

1800
1800
1800
1800
1800
1800

2100
2100
2100
2100
2100
2100

2500
2500
2500
2500
2500
2500

log P (atm)
-3

-2

-1

0

1

2.301

log P (atm)
-3

-2

-1

0

1

2.301

log P (atm)
-3

-2

-1

0

1

2.301

log P (atm)
-3

-2

-1

0

1

2.301

PHOOJ
4.717
5.717
6.717
7.717
8.716
9.996

PHOOJ
5.001
6.001
7.001
8.001
9
10.286

PHOOJ
5.134
6.134
7.134
8.134
9.134
10.422

PHOOJ
5.22
6.22
7.22
8.22
9.22
10.511

ChemMaster dissoc output for mac spreadsheet

reactants: YOC6JDO

P (atm)

1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03

T (K)
600
900
1200
1500
1800
2100
2500

1000/T

1.667
1.111
0.833
0.667
0.556
0.476

0.4

YOC6JDO
4.084
5.084
6.084
7.084
8.083
9.364

YOC6JDO
4.366
5.366
6.366
7.365
8.365
9.65

YOC6JDO
4.496
5.496
6.496
7.496
8.496
9.784

YOC6JDO
4.58
5.58
6.58
7.58
8.579
9.87

QRRK (tot)
4.808
5.808
6.808
7.808
8.807
10.087

QRRK (tot)
5.092
6.092
7.092
8.092
9.091
10.376

QRRK (tot)
5.224
6.224
7.224
8.224
9.224

10512

QRRK (tot)
5.31

6.31

7.31

8.31

9.309

10.6

RODC6JDO YOC5J+CO CeJYOO

2.766
4.534
5.196
5.331

5.06
5.103
5.138

-15.28
-12.669
-11.664

-11.4
-11.688
-11.612
-11.561

-41.936
-36.122
-33.483
-32.228
-31.851
-31.296
-30.783

-4.696
-2.687
-2.011
-1.954
-2.381
-2.421
-2.488

Y5JYO4DO QRRK (tot)

2.766
4.534
5.196
5.331

5.06
5.103
5.138



P (atm)

1.00E-02
1.00E-02
1.00E-02
1.00E-02
1.00E-02
1.00E-02
1.00E-02

P (atm)

1.00E-01
1.00E-01
1.00E-01
1.00E-01
1.00E-01
1.00E-01
1.00E-01

P (atm)

1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00

P (atm)

1.00E+01
1.00E+01
1.00E+01
1.00E+01
1.00E+01
1.00E+01
1.00E+01

P (atm)
2.00E+02
2.00E+02
2.00E+02
2.00E+02
2.00E+02
2.00E+02
2.00E+02

T(K)

T(K)

T(K)

T(K)

TK)

600

900
1200
1500
1800
2100
2500

600

900
1200
1500
1800
2100
2500

600

900
1200
1500
1800
2100
2500

600

900
1200
1500
1800
2100
2500

600

900
1200
1500
1800
2100
2500

1000/T

1000/T

1000/T

1000/T

1000/T

RODC6JDO YOCSJ+CO C6JYOO

-10.846
-8.022
-7.282
-7.123
-7.707
-7.758
-7.845

-34.987
-29.973
-28.077
-27.186
-27.296
-26.977
-26.699

YOC5J+CO C6JYOO

-8.159

-4.47
-3.497
-3.269
-3.203
-3.859
-3.937

-26.081
-21.523

-20.29
-19.983
-19.865
-20.612
-20.678

YOCS5J+CO C6JYOO

-7.022

-2.3
-0.884
-0.425
-0.263
-0.194
-0.179

-19.331
-13.482
-11.935
-11.575
-11.579
-11.688
-11.917

RODC6JDO YOC5J+CO C8JYOO

1.667 3.1
1.111 5.265
0.833 5.924
0.667 6.126
0.556 5.798
0.476 5.846
0.4 5.887
RODC6JDO
1.667 3.261
1.111 5.857
0.833 6.637
0.667 6.884
0.556 7.001
0.476 6.632
04 6.683
RODC6JDO
1.667 3.309
1.111 6.261
0.833 7.262
0.667 7.614
0.556 7.767
0.476 7.86
0.4 7.933
1.667 3.317
1.111 6.47
0.833 7.763
0.667 8.268
0.556 8.494
0.476 8.617
0.4 8.701
RODC6JDO
1.667 3.318
1.111 6.534
0.833 8.112
0.667 8.921
0.556 9.325
0.476 9.542
0.4 9.701

-6.698
-1.074
0.976
1.736
2.053
2.205
2.27

-16.662
-8.866
-6.273
-5.385

-5.08
-4.997
-5.071

YOC5J+CO C6JYOO

-6.644
-0.575
2.278
3.651
4.308
4.644
4.874

-16.014
-6.696
-2.546
-0.656

0.218
0.645
0.907

-2.952
-0.368
0.347
0.525
0.035
0.019
-0.025

Y5JYO4DO QRRK (tot)

3.1
5.265
5.924
6.126
5.798
5.846
5.887

Y5JYO4DO QRRK (tot)

-2.036
1.247
2.155
2.406
2.507
1.986
1.982

3.261
5.857
6.637
6.884
7.001
6.632
6.683

Y5JYO4DO QRRK (tot)

-1.669
2.355
3.607
4.024
4.185
4.267
4.311

3.309
6.261
7.262
7.614
7.767

7.86
7.933

Y5JYO4DO QRRK (tot)

-1.582
2977
4.709
5.357

5.63
5.766
5.837

3.317

6.47
7.763
8.269
8.495
8.618
8.701

Y5JYO4DO QRRK (tot)

-1.57
3.205
5.488

6.61
7.15

7427

7.617

3.318
6.535
8.113
8.924
9.328
9.545
9.704



T (K)
600
600
600
600
600
600

T (K)
900
900
900
900
900
900

T K)
1200
1200
1200
1200
1200
1200

T (K)
1500
1500
1500
1500
1500
1500

T (K)
1800
1800
1800
1800
1800
1800

T (K)
2100
2100
2100
2100
2100
2100

log P (atm) RODCBJDO YOC5J+CO C8JYOO

-3
-2

-1

0

1
2.301

log P (atm)
-3

2.301

fog P (atm)
-3

-2

-1

0

1

2.301

log P (atm)
-3

-2

-1

0

1

2.301

log P (atm)
-3

-2

-1

0

1

2.301

log P (atm)
-3

-2

-1

0

1

2.301

2.766

3.1
3.261
3.309
3.317
3.318

RODC6JDO
4.534

5.265

5.857

6.261

6.47

6.534

RODC6JDO
5.196
5.924
6.637
7.262
7.763
8.112

RODC6JDO
5.331
6.126
6.884
7.614
8.268
8.921

RODC6&JDO
5.06

5.798

7.001

7.767

8.494

9.325

-15.28
-10.846
-8.159
-7.022
-6.698
-6.644

-41.936
-34.987
-26.081
-19.331
-16.662
-16.014

YOC5J+CO C8JYOO

-12.669
-8.022
-4.47
-2.3
-1.074
-0.575

-36.122
-29.973
-21.523
-13.482
-8.866
-6.696

YOC5J+CO C6JYOO

-11.664
-7.282
-3.497
-0.884

0.976
2278

-33.483
-28.077
-20.29
-11.936
-6.273
-2.546

YOCS5J+CO C6JYOO

-11.4
7123
-3.269
-0.425
1.736
3.651

-32.228
-27.186
-19.983
-11.575
-5.385
-0.656

YOC5J+CO C6JYOO

-11.688
-7.707
-3.203
-0.263

2.053
4.308

-31.851
-27.296
-19.865
-11.579
-5.08
0.218

RODC6JDO YOC5J+CO CeJYOO

5.103
5.846
6.632

7.86
8.617
9.542

-11.612
-7.758
-3.859
-0.194

2.205
4.644

-31.296
-26.977
-20.612
-11.688
-4.997
0.645

Y5JYO4DO QRRK (tot)

-4.696
-2.952
-2.036
-1.669
-1.582

-1.57

2.766

3.1
3.261
3.309
3.317
3.318

Y5JYO4DO QRRK (tot)

-2.687
-0.368
1.247
2.355
2977
3.205

4.534
5.265
5.857
6.261

6.47
6.535

Y5JYO4DO QRRK (tot)

-2.011
0.347
2.155
3.607
4.709
5.488

5.196
5.924
6.637
7.262
7.763
8.113

Y5JYO4DO QRRK (tot)

-1.954
0.525
2.406
4.024
5.357

6.61

5.331
6.126
6.884
7.614
8.269
8.924

Y5JYO4DO QRRK (tot)

-2.381
0.035
2.507
4.185

5.63
7.15

5.06
5.798
7.001
7.767
8.495
9.328

Y5JYO4DO QRRK (tot)

-2.421
0.019
1.986
4.267
5.766
7.427

5.103
5.846
6.632

7.86
8.618
9.545



T (K) log P (atm) RODC6JDO YOC5J+CO C6JYOO  Y5JYO4DO QRRK (tot)

2500 -3 5.138 -11.561 -30.783 -2.488 5.138
2500 -2 5.887 -7.845 -26.699 -0.025 5.887
2500 -1 6.683 -3.937 -20.678 1.982 6.683
2500 0 7.933 -0.179 -11.917 4.311 7.933
2500 1 8.701 2.27 -5.071 5.837 8.701
2500 2.301 9.701 4.874 0.907 7.617 9.704

ChemMaster dissoc output for mac spreadsheet

reactants: Y5JYO4DO

P(atm) T(K) 1000/T CY5J+CO2 YOC6JDO YC50CJDO QRRK (tot)
1.00E-03 600 1.667 5448  -12.924  -12.487 5.448
1.00E-03 900 1111 587 10579  -10.144 5.87
1.00E-03 1200 0.833 5.963 -9.503 -9.07 5.963
1.00E-03 1500 0.667 5.986 -8.881 -8.45 5.986
1.00E-03 1800 0.556 5.985 -8.477 -8.048 5.985
1.00E-03 2100 0.476 5.975 -8.195 -7.768 5.975
1.00E-03 2500 0.4 5.957 -7.93 -7.505 5.957
P(atm) T(K) 1000/T CY5J+CO2 YOCBJDO YC50CJDO QRRK (tot)
1.00E-02 600 1.667 6.447 1191 11473 6.447
1.00E-02 900 1.111 6.869 9.572 9.137 6.869
1.00E-02 1200 0.833 6.963 -8.498 -8.065 6.963
1.00E-02 1500 0.667 6.985 -7.878 -7.447 6.985
1.00E-02 1800 0.556 6.985 -7.474 -7.046 6.985
1.00E-02 2100 0.476 6.975 7.193 -6.766 6.975
1.00E-02 2500 0.4 6.957 -6.929 -6.504 6.957
P(atm) T(K) 1000/T CY5J+C02 YOCBJDO YC50CJDO QRRK (tot)
1.00E-01 600 1.667 744 10776 -10.34 7.44
1.00E-01 900 1.111 7.866 -8.501 -8.066 7.866
1.00E-01 1200 0.833 7.961 -7.452 -7.02 7.961
1.00E-01 1500 0.667 7.984 -6.845 -6.414 7.984
1.00E-01 1800 0.556 7.984 -6.449 -6.02 7.984
1.00E-01 2100 0.476 7.975 -8.172 -5.745 7.975
1.00E-01 2500 0.4 7.956 -5.912 -5.487 7.956
P (atm) T(K) 1000/T CY5J+CO2 YOC6JDO YC50CJDO QRRK (tot)
1.00E+00 600 1.667 8.38 -8.768 -8.331 8.38
1.00E+00 900 1.111 8.836 -6.906 -6.472 8.836
1.00E+00 1200 0.833 8.943 -6.046 -5.613 8.943
1.00E+00 1500 0.667 8.971 -5.541 -5.11 8.971
1.00E+00 1800 0.556 8.975 -5.208 478 8.975
1.00E+00 2100 0.476 8.967 -4.974 -4.547 8.967

1.06E+00 2500 0.4 8.951 -4.753 -4.328 8.951



P (atm)

1.00E+01
1.00E+01
1.00E+01
1.00E+01
1.00E+01
1.00E+01
1.00E+01

P (atm)

2.00E+02
2.00E+02
2.00E+02
2.00E+02
2.00E+02
2.00E+02
2.00E+02

T (K)
600
900
1200
1500
1800
2100
2500

T (K)
600
900
1200
1500
1800
2100
2500

T (K)
600
600
600
600
600
600

T (K)
900
900
900
900
900
900

T (K)
1200
1200
1200
1200
1200
1200

T (K)
1500
1500
1500
1500
1500
1500

1000/T

1.667
1111
0.833
0.667
0.556
0.476

0.4

1000/T

1.667
1.111
0.833
0.667
0.556
0.476

0.4

CY5J+C0O2 YOC6JDO YC50CJDO QRRK (tot)

9.126
9.676
9.827
9.883
9.904
9.909
9.904

-4.503

-3.32
-2.934
-2.766
-2.683
-2.639
-2.611

CY5J+C0O2 YOC6JDO

9.726
10.488
10.998
11.069
11.101

11.12
11.136

0.582

2.41
3.576
3.672
3.655
3.601
3.504

-4.067
-2.888
-2.505
-2.339
-2.258
-2.215
-2.189

9.126
9.676
9.827
9.883
9.904
9.909
9.904

YC50CJDO QRRK (tot)

0.957
2.762
3.916
4.013
3.999
3.947
3.854

9.726
10.498
10.998
11.069
11.101

11.12
11.136

log P (atm) CY5J+CO2 YOC6JDO YC50CJDO QRRK (tot)

-3

-2

-1

0

1
2.301

5.448
6.447
7.44
8.38
9.126
9.726

-12.924
113
-10.776
-8.768
-4.503
0.582

-12.487
-11.473
-10.34
-8.331
-4.067
0.957

5.448
6.447
7.44
8.38
9.126
9.726

log P (atm) CY5J+CO2 YOC6JDO YC50CJDO QRRK (tot)

-3

2

A

0

1
2.301

5.87
6.869
7.866
8.836
9.676

10.498

-10.579
-9.572
-8.501
-6.906

-3.32
241

log P (atm) CY5J+C0O2 YOC6JDO

-3

-2

-1

0

1
2.301

5.963
6.963
7.961
8.943
9.827
10.998

-9.503
-8.498
-7.452
-6.046
-2.934

3.576

log P (atm) CY5J+CO2 YOC6JDO

-3

-2

-1

0

1
2.301

5.986
6.985
7.984
8.971
9.883
11.069

-8.881
-7.878
-6.845
-5.541
-2.766

3.672

-10.144
-9.137
-8.066
-6.472
-2.888

2.762

5.87
6.869
7.866
8.836
9.676

10.498

YC50CJDO QRRK (tot)

-9.07
-8.065
~7.02
-5.613
-2.505
3.916

5.963
6.963
7.961
8.943
9.827
10.998

YC50CJDO QRRK (tot)

-8.45
-7.447
-6.414

-5.11
-2.339

4.013

5.986
6.985
7.984
8.971
9.883
11.069



T (K)
1800
1800
1800
1800
1800
1800

T (K)
2100
2100
2100
2100
2100
2100

T (K)
2500
2500
2500
2500
2500
2500

log P (atm) CY5J+CO2 YOC6JDO YCSOCJDO QRRK (tot)

-3

-2

-1

0

1
2.301

5.985
6.985
7.984
8.975
9.904
11.101

-8.477
-7.474
-6.449
-5.208
-2.683

3.655

-8.048
-7.046
-6.02
-4.78
-2.258
3.999

5.985
6.985
7.984
8.975
9.904
11.101

log P (atm) CY5J+CO2 YOC6JDO YC50CJDO QRRK (tot)

-3
-2

A4

0

1
2.301

5.975
6.975
7.975
8.967
9.909
11.12

-8.195
-7.193
-6.172
-4.974
-2.639

3.601

log P (atm) CY5J+CO2 YOC6JDO

-3

-2

E

0

1
2.301

5.957
6.957
7.956
8.951
9.904
11.136

ChemMaster dissoc output for mac spreadsheet

reactants: YC50CJDO

P (atm)

1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03
1.00E-03

P (atm)

1.00E-02
1.00E-02
1.00E-02
1.00E-02
1.00E-02
1.00E-02
1.00E-02

T (K)
600
900
1200
1500
1800
2100
2500

T (K)
600
900
1200
1500
1800
2100
2500

1000/T

1.667
1.111
0.833
0.667
0.556
0.476

04

1000/T

1.667
1.111
0.833
0.667
0.556
0.476

0.4

-7.93
-6.929
-5.912
-4.753
-2.611

3.504

CY5J+C0O2 Y5JYO4DO

2133
4172
4.679
4.853
4.929
4.966
4.988

2.821
4.831
5.317
5.475
5.539
5.565
5.575

-7.768
-6.766
-5.745
-4.547
-2.215

3.947

5.975
6.975
7.975
8.967
9.909
11.12

YC50CJDO QRRK (tot)

-7.505
-6.504
-5.487
-4.328
-2.189

3.854

QRRK (tot)
2.902
4.918
5.407
5.568
5.634
5.662
5.675

CY5J+C02 Y5JYO4DO QRRK (tot)

3.132
5.172
5.679
5.853
5.928
5.966
5.988

3.82
5.831
6.317
6.475
6.538
6.565
6.575

3.901
5917
6.407
6.568
6.634
6.662
6.675

5.957
6.957
7.956
8.951
9.904
11.136



P (atm)

1.00E-01
1.00E-01
1.00E-01
1.00E-01
1.00E-01
1.00E-01
1.00E-01

P (atm)

1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00
1.00E+00

P (atm)

1.00E+01
1.00E+01
1.00E+01
1.00E+01
1.00E+01
1.00E+01
1.00E+01

P (atm)

2.00E+02
2.00E+02
2.00E+02
2.00E+02
2.00E+02
2.00E+02
2.00E+02

T(K)

T(K)

T(K)

TK

600

900
1200
1500
1800
2100
2500

600

900
1200
1500
1800
2100
2500

600

900
1200
1500
1800
2100
2500

600
600
600
600
600
600

1000/T CY5J+CO2 Y5JYO4DO QRRK (tot)

1.667 4123 4.81 4.892
1.111 6.168 6.826 6.912
0.833 6.676 7.314 7.404
0.667 6.851 7.473 7.566
0.556 6.927 7.536 7.632
0.476 6.964 7.563 7.661
0.4 6.987 7.574 7.674
1000/T CY5J+C0O2 Y5JYO4DO QRRK (tot)
1.667 5.05 573 5.812
1.111 7.129 7.78 7.868
0.833 7.651 8.283 8.374
0.667 7.832 8.449 8.543
0.556 7.913 8.518 8.614
0.476 7.953 8.548 8.646
0.4 7.978 8.561 8.662
1000/T CY5J+CO2 Y5JYO4DO QRRK (tot)
1.667 5741 6.392 6.479
1.111 7.944 8.562 8.656
0.833 8.517 9.114 9.212
0.667 8.726 9.31 9.411
0.556 9.845 10.335 10.457
0.476 9.881 10.365 10.488
0.4 9.908 10.386 10.511
1000/T CY5J+CO2 YS5JYO4DO QRRK (tot)
1.667 6.128 6.743 6.837
1.111 8.673 9.2 9.313
0.833 9.412 9.874 10.003
0.667 10.03 10.377 10.538
0.556 10.241 10.541 10.717
0.476 10.297 10.581 10.763
0.4 10.336 10.608 10.795

log P (atm) CY5J+CO2 Y5JYO4DO QRRK (tot)

-3 2.133
-2 3.132
-1 4.123
0 5.05
1 5.741

2.301 6.128

2.821
3.82
4.81
5.73

6.392

6.743

2.902
3.901
4.892
5.812
6.479
6.837



T (K)
900
900
900
900
900
900

1200
1200
1200
1200
1200
1200

1500
1500
1500
1500
1500
1500

T (K)
1800
1800
1800
1800
1800
1800

TK)
2100
2100
2100
2100
2100
2100

T (K)
2500
2500
2500
2500
2500
2500

log P (atm) CY5J+CO2 Y5JYO4DO QRRK (tot)

-3
2

-1

0

1
2.301

log P (atm)
-3

-2

-1

0

1

2.301

log P (atm)
-3

-2

-1

0

1

2.301

4.172
5.172
6.168
7.129
7.944
8.673

4.831
5.831
6.826
7.78
8.562
9.2

4918
5.917
6.912
7.868
8.656
9.313

CYS5J+C0O2 Y5JYO4DO QRRK (tot)

4.679
5.679
6.676
7.651
8.517
9412

5.317
6.317
7.314
8.283
9.114
9.874

5.407
6.407
7.404
8.374
9.212
10.003

CY5J+CO2 Y5JYO4DO QRRK (tot)

4.853
5.853
6.851
7.832
8.726
10.03

5.475
6.475
7473
8.449
9.31
10.377

5.568
6.568
7.566
8.543
9.411
10.538

log P (atm) CY5J+CO2 Y5JYO4DO QRRK (tot)

-3

-2

-1

0

1
2.301

4.929
5.928
6.927
7.913
9.845
10.241

5.539
6.538
7.536
8.518
10.335
10.541

5.634
6.634
7.632
8.614
10.457
10.717

log P (atm) CY5J+CO2 Y5JYO4DO QRRK (tot)

-3

-2

-1

0

1
2.301

4.966
5.966
6.964
7.953
9.881
10.297

5.565
6.565
7.563
8.548
10.365
10.581

log P (atm) CY5J+C0O2 Y5JYO4DO

-3

-2

-1

0

1
2.301

4.988
5.988
6.987
7.978
9.908
10.336

5575
6.575
7.574
8.561
10.386
10.609

5.662
6.662
7.661
8.646
10.488
10.763

QRRK (tot)
5675
6.675
7.674
8.662

10.511
10.795



Modified Arrhenius fits of the rate constants for the product channels of phenyl + 02 and its stable products

Mar 2001 (chemast} PH + 02 =» Products low for sensitivity Low jwb / N sebar

PH + 02 <=> PHOOJ 1.03+107 -30.86 24144 . ! 1.00E-03 atm, 600-2500 K, 44% err ::CM
PH + 02 <=> PHOOJ 6.34+114 -32.44 31730. ! 1.00E-02 atm, 600-2500 K, 45% err ::CM
PH + 02 <=> PHOOJ 4.75+122 -34.07 40095. t 1.00E-01 atm, 600-2500 K, 41% exrr ::CM
PH + 02 <=> PHOOJ 8.76+127 -34.99 47402. ! 1.00E+00 atm, 600-2500 K, 32% err ::CM
PH + 02 <=> PHOOJ 3.23+4127 -34.33 51398. 1 1.00E+01 atm, 600-2500 K, 42% err ::CM
PH + 02 <=> PHOOJ 1.31+116 -30.47 49865. ! 2.00E+02 atm, 600-2500 K, 83% err ::CM
PH + 02 <=> PH + 02 1.08E+19 -1.85 7075. ! 1.00E-03 atm, 600-2500 K, 3% err ::CM
PH + 02 <=> PH + 02 1.19E+20 -2.14 7947. ! 1.00E-02 atm, 600-2500 K, 2% exr ::CM
PH + 02 <=> PH + O2 5.86E+23 -3.15 11064. ! 1.00E-01 atm, 600-2500 K, 2% exrr ::CM
PH + 02 <=> PH + 02 1.18E+31 -5.15 17472. ! 1.00E+00 atm, 600-2500 K, 9% exr ::CM
PH + 02 <=> PH + 02 1.17E+39 -7.30 25376. 1 1.00E+01 atm, 600-2500 K, 11% err ::CM
PH + 02 <=> PH + 02 3.44E+41 -7.84 31725. ! 2.00E+02 atm, 600-2500 K, 16% err ::CM
PH + 02 <=> YOC6JDOA 1.94E+14 -1.26 6662. { 1.00E-03 atm, 600-2500 K, 3% exrr ::CM
PH + 02 <=> YOC6JDOA 2.42E+15 -1.56 7577. ! 1.00E-02 atm, 600-2500 K, 2% exrr ::CM
PH + 02 <=> YOC6JDOA 1.49E+19 ~-2.60 10779. 1 1.00E-01 atm, 600-2500 K, 3% exr ::CM
PH + 02 <=> YOC6JDOA 3.49E+26 -4.61 17253. ! 1.00E+00 atm, 600-2500 K, 9% exrr ::CM
PH + 02 <=> YOC6JDOA 3.17E+34 -6.75 25151. ! 1.00E+01 atm, 600-2500 X, 11% err ::CM
PH + 02 <=> YOC6JDOA 6.95E+36 ~7.26 31429, ! 2.00E+02 atm, 600-2500 K, 16% err ::CM
PH + 02 <=> PHOJ+O 4 . 09E+14 ~0.32 1248. t 1.00E-03 atm, 600-2500 K, 1% exrr ::CM
PH + 02 <=> PHOJ+O 4 22E+16 ~0.87 2930. ! 1.00E-02 atm, 600-2500 K, 3% err ::CM
PH + 02 <=> PHOJ+O 6.21E+21 ~2.29 7327. ! 1.00E-01 atm, 600-2500 K, 9% exrr ::CM
PH + 02 <=> PHOJ+Q 7.06E+29 -4.49 14560. ! 1.00E+00 atm, 600-2500 K, 15% err ::CM
PH + 02 <=> PHOJ+O 1.40E+37 ~6.44 22258. 1 1.00E+01 atm, 600-2500 K, 15% err ::CM
PH + 02 <=> PHOJ+0 4.29E+37 ~-6.42 27510. ! 2.00E+02 atm, 600-2500 K, 17% err ::CM
PH + 02 <=> C6JYOO 2.83E+94 -29.85 20653, ! 1.00E-03 atm, 600-2500 K, 42% err ::CM
PH + 02 <=> C6JYQO 2.80+102 -31.49 28348. f 1.00E-02 atm, 600-2500 K, 42% err ::CM
PH + 02 <=> C6JYOO 1.90+110 -33.11 36654. ! 1.00E-01 atm, 600-2500 K, 38% err ::CM
PH + 02 <=> C6JYOO 1.08+115 -33.89 43428, ! 1.00E+00 atm, 600-2500 K, 32% err ::CM
PH + 02 <=> C6JYO0O 1.20+113 -32.82 45766 1 1.00E+01 atm, 600-2500 K, 45% err ::CM
PH + 02 <=> C6JYOO 3.44E+94 -27.05 37025. ! 2.00E+02 atm, 600-2500 K, 101% err ::CM
PH + 02 <=> YOC6JIDO 5.69E+11 -6.02 4132. ! 1.00E-03 atm, 600-2500 K, 16% err ::CM
PH + 02 <=> YOC6JDO 2.33E+16 -7.01 7127. I 1.00E-02 atm, 600-2500 K, 20% err ::CM
PH + 02 <=> YOC6JDO 8.07E-32 6.24 -35021. { 1.00E-01 atm, 600-2500 K, 39% err ::CM
PH + 02 <=» YOC&6JDO 4 ,45E+68 -22.25 1519. { 1.00E+00 atm, 600-2500 K, 698% err ::CM
PH + 02 <=>» YOC&6JIDO 4.16+183 -53.27 73051. ! 1.00E+01 atm, 600-2500 K, 59% err ::CM
PH + 02 <=> YOC6JIDO 1.15+181 -50.16 89761. ! 2.00E+02 atm, 600-2500 K, 113% err ::CM
PH + 02 <=> RODC&6JIDO 6.62E+12 -0.17 -1677. ! 1.00E-03 atm, 600-2500 K, 5% err ::CM
PH + 02 <=> RODC6JDO 3.70E+15 -0.92 615, I 1.00E-02 atm, 600-2500 K, 8% err ::CM
PH + 02 <=> RODC6JDO 4 ,19E+21 -2.58 5787. ! 1.00E-01 atm, 600-2500 K, 15% err ::CM
PH + 02 <=> RODC6JDO 9.46E+29 -4.85 13401. i 1.00E+00 atm, 600-2500 K, 21% err ::CM
PH + 02 <=> RODC6JDO 7.47E+36 -6.69 21002. ! 1.00E+01 atm, 600-2500 K, 18% err ::CM
PH + 02 <=> RODC6&6JDO 1.68E+43 -8.25 31871. I 2.00E+02 atm, 600-2500 K, 16% err ::CM
PH + 02 <=» YOCS5J+CO 6.35E+07 0.43 1455. ! 1.00E-03 atm, 600-2500 K, 5% err ::CM
PH + 02 <=>» YOC5J+CO 7.63E+09 -0.14 3189. ! 1.00E-02 atm, 600-2500 K, 2% err ::CM
PH + 02 <=> YOC5J+CO 1.23E+15 -1.57 7600. ! 1.00E-01 atm, 600-2500 K, 4% exr ::CM
PH + 02 <=» YOCEJ+CO 2.17E+23 -3.82 14920. t 1.00E+00 atm, 600-2500 K, 10% exrr ::CM
PH + 02 <=> YOCS5J+CO 1.09E+32 -6.16 23658. { 1.00E+01 atm, 600-2500 K, 12% exr ::CM
PH + 02 <=> YOCS5J+CO 2.77E+40 -8.29 36087. ! 2.00E+02 atm, 600-2500 K, 15% exrr ::CM
PH + 02 <=> YS5JY04DO 1.19E+04 -4.66 4723 . ! 1.00E-03 atm, 600-2500 K, 31% err ::CM
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