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1.0 Supplementary Information for Chapter 3: Ozonolysis
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Figure 1: Alkenes, labelled 1-20 and delineated by structural factors, modelled for ozonolysis analysis in this
chapter.

1.1 Equations

1.1.1 Canonical Rate Constant (kcan)

To determine canonical rate constant (kcay), using Equation 1:

0 B 'F'Qj 0 £o) Equation 1

Both types of rate constants produced by MESMERare generated from single step reactions

or from pseudo-single step simulations of multistep reactions.



1.1.2 Conventional transition state theory rate constant (

0

Using either the partition functions (Q) and zero-point corrected energy (s&ZPB values or
the Gibbs free energy (a€5) value, determined from the computational chemistry
calculations, the Equations 2 i 7, are used to determine the conventional transition state

theory rate constant ( Q ):

Q Q Q 0 Q

(Equation 2) (Equation 3)

0 AL QY j 0 !Z—"YQ oo
O L U 0
(Equation 4) (Equation 5)
QY0 . . . QY _ o o
jo! —_— Q7 Y ] 0 Yy V¥ j
Qv o)
(Equation 6) (Equation 7)

The factors in these equations are: |l is the tunneling constant (see section 2.6); kg is
Boltzmann constant; T istemperature; hi s Pl a n ¢ k 0Rsis the gas sohstamt;tP; is
the pressure of the system; Qrs Qrrg Qriand Qrz are the partition functions for transition
state, pre -reaction complex, reactant 1 and reactant 2; a&Grsand a&Gercare the relative

molar Gibbs free energy for the transition state and pre -reaction complex, at 298 K

1.1.3 Structure activity relationships r  ate constant ( ksaR

Structure activity relationships depends on three types of groups to produce three
different types of steric factors ( io, i1, i2), identified in Figure 2: Disubstituted alkyl
groups (i o), Walkyl groups (i1) a n d-alkyl groups (i 2)

R4 R3 H,

>'—< /\a/c\ 9 S0 $1
C” p "CH;

R2 R4 H2 Sy

Figure 2: Alkenes Rifi Ry substituent positions and the positions of hydrogen analogues on a substituent carbon
chain | abell ed usi ng) &dtheskuctureds t2edrdisnetifyINL-pemiene ldbelled so, S1 & S2
according to which alkyl segment(s) causes the s, s1 & s, steric effect in the SAR model.

10



To determine structure A activity relationship rate constant (kcan), use following equation s.
displayed in Equation 1.3, by using the number of alkyl groups attached to the >C=C<
bond, which ranges from 0 -4, as the total inductive factor ( Q. When combined with the
total steric factor (Y, which increases depending on the number of steric interferences in
those substituent groups.

Y Bi (Equation 8) W wY O (Equation 9)

The steric effect (Y depends on three factors : the clash between two alkyl groups at the
end of an olefinbond (i0c=0.20);t he st eric i nt evakyegroaps@e= of
0033) ; and the steric dakytgeoups@r=®0.020e of extr a

1T cwlp p& Y ™IV pHT TEIYX (Equation 10)
1.1.4 Dipole -Dipole Capture ( kd-4) and Collision Limits ( kcorl) of Rate Constants

The collision-limited reaction rate coefficient (  kcov), is calculated using the following

equations:

kcoLL _ “ i Equation 11 ﬁ Equation 12
'@ is the Boltzmann constant, “Yis the temperature, ‘ are the reduced mass of reactants,

i1 andi; are the covalent radii of reactants and, & and & , is the masses.

The dipole dipole capture limit (kq.q) is calculated using the following equations:

Kew © “j° ¢ ¢ T 7y i Equation 13

&1 and &y, the dipole moments of reactants, Q reduced mass, kg, the Boltzmann

constant, T, temperature, and, C, isotropic, adiabatic or non -adiabatic anisotropic
constant which depends on the anisotropy of the capture potential model.  The C value can
vary depending on whether the model adopted is isotropic (used in the main body of the
thesis), adiabatic anisotropi ¢ or non-adiabatic anisotropic (C=4.08, 2.68 and 1.953

respectively).

1.1.5 Effective Rate Constant (K erf)

The Effective Rate Constant (kerd uses the concentration of the co -reactant to determine

the overall impact of a reaction:
11

extra

N



kerr= kme [CcO-reactant] Equation 14

1.1.6 Background to the Software Programmes: KisThELP and MESMER

In Section 1.4, the process by which many of the key kinetics and thermodynamics values,
such as zero-point corrected energy and Gibbs free energy, obtained by computational
chemistry calculations are used to obtain important  ktnueoand BrueoVvalues is desaibed and
there are a large variety of software programmes used to estimate these reaction
properties. This section will outline the function of the Kinetic and Statistical
Thermodynamical Package (KiSThelP) and Master Equation Solver for MultiEnergy Well
Reactions (MESMER) software used in these studies to find these molecular and reaction
properties and the reasons why they were selected to undertake these projects. Whilst
ktheoand Brueovalues can be determined by hand using the thermochemistry equatio n seen
in Section 1.4, these programmes can calculate these values accurately and more rapidly
and provide a large array of other important features describing reaction properties.

These include producing graphs of the changes in rate constant with varying temperature;
and graphs of the fractional population of reactants and products over time.

The KiSThelP software programme is free, open-source and it supports Gaussian09 files

allowing for its use in this study. %! It can determine individual rate constants using either
conventional transition state theory (TST), vari
Ramsperger - Kassel - Mar c u¥®E5TRSseftMare aisadividesthe n st ant s .
individual reactions into its individual components, the pre -reaction complex equilibrium

constant (Keq) and the unimolecular rate constant ( k), as well as providing a full rate

coefficient value for reactions that have no pre -reaction complex. It can provide the

choice of applying a Wigner or Eckart one -dimensional tunneling constant, if desired.

Unlike MESMER, it displays the tunneling constant rather than simply integrating it into the

rate constant. 331" Additionally, this software provides rate constants at different

temperatures and can display these changes over the temperature profile graphically. If

an alternative molecular energy is required, the input file that is formed for KiSThelP can

be edited to incorporate this.

This software was selected for sCl + alcohol reactions for several reasons: the sCl + alcohol
reactions are all 1 -step; the software can produce raw Eckart values which can be
compared to the higher level semi -classical on-the-fly tun neling factors; the produced
temperature profiles can be compared to the experimental values; and it is a user -friendly

piece of software. The nomenclature of this study is that if the reaction goes straight from

12



reaction to the final product, it is a one -step reaction. If the reaction involves a short -
lived intermediate product, often a cyclic compound, it will be considered atwo  -step
reaction with an intermediate formation step and a decomposition step. A one or two step

reaction does not refer to the nu mber of transition states at each step.

For the other chapters, another free open -source software is used and this is called the
Master Equation Solver for Multi-Energy Well Reactions (MESMER). This can be used to
calculate a master equation rate constant (kug and the canonical rate constant ( kcan for
one-step reactions. *23!® For two-step reactions such as ozonolysis of alkenes, the
microcanonical rate constants for each step can be used to derive the overall product
branching ratio. For two -step systems, the input file needs to be adapted to a single step
to determine the kme These computations can be calculated under a variety of both
atmospheric temperatures, pressures and excess reactant concentrations. MESMER is also
useful because it provides a method (reverse ILT method used in Chapter 4) to find
product yields for barrierless pathways, such as for the HCO + OH and CHs; + NH exit
channels for the unimolecular decompositions of CH ;00 and CHNH respectively. 31932

This piece of software is used in Chapt ers 3, 5 and 6 for several important reasons: that
product branching ratios can be calculated from multistep reactions; it is compatible with
Gaussian 609 output files; that the input
energy without editing the input gaussian file; by producing two sets of rate constants
(kcan & kmg), providing a method of validating the accuracy of the results; and it has a
user-friendly interface. For more details on the method of how the software was used,

please see the method section for Chapter 2.
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1.2 Rate Constants and Product Branching Ratios

1.2.1 Master Equation Rate Constants (kcan)

The grainsize used to determine the master equation rate constants and the master

equation rate constants at various temperatures are categorised in this section.

Table 1. Calculated Master Equation Rate Constants (kug) at Standard Pressure over a variety of Temperatures

for the Ozonolysis of Alkenes 1A 20.

O; + Alkene 1 O; + Alkene 2 O; + Alkene 3
Grainsize: 10 Grainsize: 20 Grainsize: 20
T (K) kme (cm?® st) T (K) kme (cm? s1) T (K) kme (cm?® st)
200 2.63E18 200 9.13E18 200 4.87E18
275 2.04E17 275 6.58E17 275 3.21E17
298 3.24E17 298 1.03E16 298 4.96E17
325 5.23E17 325 1.63E16 325 7.82E17
400 1.53E16 400 459E16 400 2.21E16
O; + Alkene 4 O; + Alkene 5 O; + Alkene 6
Grainsize: 10 Grainsize: 20 Grainsize: 10
T (K) kme (cm?® s1) T (K) kme (cm? s1) T (K) kuve (cm?® s1)
200 2.26E18 200 1.14E17 200 3.90E15
275 1.47E17 275 4,90E17 275 4,12E15
298 2.25E17 298 6.90E17 298 4.34E15
325 3.50E17 325 9.92E17 325 4.66E15
400 9.50E17 400 2.32E16 400 5.86E15
O; + Alkene 7 O; + Alkene 8 O; + Alkene 9
Grainsize: 10 Grainsize: 15 Grainsize: 10
T (K) Kme (CITI3 S-l) T (K) Kme (cm3 S_l) T (K) Kme (cm3 S'l)
200 4. 78E15 200 8.86E17 200 7.64E17
275 4.89E15 275 1.99E16 275 1.95E16
298 5.12E15 298 2.459E16 298 2.456E16
325 5.46E15 325 3.10E16 325 3.15E16
400 6.81E15 400 5.54E16 400 5.66E16
Os + Alkene 10 Os; + Alkene 11 O3 + Alkene 12
Grainsize: 15 Grainsize: 10 Grainsize: 25
T (K) kme (cm?® st) T (K) kme (cm?® s1) T (K) kme (cm?® st)
200 4.84E19 200 3.84E23 200 1.20E22
275 1.26E18 275 4.15E21 275 1.12E20
298 1.57E18 298 1.14E20 298 2.99E20
325 2.24E18 325 3.15E20 325 8.07E20
400 6.17E18 400 2.83E19 400 6.97E19
Os + Alkene 13 O; + Alkene 14 O3 + Alkene 15
Grainsize: 10 Grainsize: 10 Grainsize: 25
T (K) kme (cm?® st) T (K) kme (cm? s1) T (K) kmve (cm?® st)
200 8.75E23 200 2.07E23 200 7.31E16
275 7.18E21 275 2.84E21 275 1.34E15
298 1.85E20 298 8.11E21 298 1.13E15
325 4.82E20 325 2.34E20 325 9.64E16
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[ 400 | 3.79E19 | 400 | 225619 | 400 | 4.46E15 |
Os; + Alkene 16 O; + Alkene 17 Os; + Alkene 18
Grainsize: 15 Grainsize: 10 Grainsize: 10
T (K) kme (cm?® s1) T (K) kme (cm? s1) T (K) kmve (cm?® st)
200 1.31E15 200 3.68E17 200 4.41E16
275 2.15E15 275 1.34E16 275 9.62E16
298 2.48E15 298 1.81E16 298 1.18E15
325 2.93E15 325 2.48E16 325 1.46E15
400 4.54E15 400 5.15E16 400 2.50E15
O; + Alkene 20
Grainsize: 10
T (K) Kme (cm3 S-l)
200 1.04E18
275 9.29E18
298 1.51E17
325 2.49E17
400 7.60E17

Table 2: Calculated Master Equation Rate Constants (kug) at non-standard pressure over a select range of

Temperatures for the Ozonolysis of Alkenes 4 & 5.

O; + Alkene 4 O; + Alkene 5
Grainsize: 10 Grainsize: 20
T (K) kme (cm? s) T (K) kme (cm? s)

210 3.08E18 281 9.20E-17
218 3.88E18 284 9.55E-17
226 4.83E18 287 9.90E-17
235 6.08E18 289 1.01E16
245 7.74E18 292 1.05E-16
255 9.71E18 295 1.09E-16
288 1.88E17 - -

301 2.37E17 - -
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1.2.2 Canonical Rate Constants (kcan)

Canonical Rate constants produced by MESMER are displayed in this section.

Table 3: Canonical Rate Constants (kcany of Ozonolysis of Alkenes1, 4, 6, 9, 11, 13, 14, 17, 18

& 20 based on

a steady state treatment of individual canonical rate coefficients of reaction ( ki1, ki1, & kz)
TSz0l TSz02
Alkene T Q Q Q Q Q Q Q
# (K) | (em®s?) (cm®s?) (s ) (cm®s?) (sh (sh
200 2.63E-18 1.01E-10 1.37E+12 3.31E+04 | 1.01E-10 6.63E+11 1.26E+03
275 2.04E-17 1.01E-10 1.04E+13 1.82E+06 | 1.01E-10 | 4.89E+12 1.38E+05
1 298 3.24E-17 1.01E-10 1.52E+13 4.11E+06 | 1.01E-10 7.09E+12 3.60E+05
325 5.23E-17 1.01E-10 2.16E+13 9.24E+06 | 1.01E-10 1.01E+13 9.32E+05
400 1.53E-16 1.00E-10 4.15E+13 4.89E+07 | 1.00E-10 1.91E+13 6.61E+06
200 2.26E-18 1.01E-10 1.01E+12 2.23E+04 | 1.01E-10 2.03E+11 6.44E+01
275 1.47E-17 1.00E-10 4.77E+12 6.69E+05 | 1.00E-10 1.41E+12 8.68E+03
4 298 2.25E-17 1.00E-10 6.30E+12 1.34E+06 | 1.00E-10 2.02E+12 2.36E+04
325 3.50E-17 1.00E-10 8.14E+12 2.65E+06 | 1.00E-10 2.82E+12 6.37E+04
400 9.50E-17 1.00E-10 1.27E+13 1.09E+07 | 1.00E-10 | 5.19E+12 4.90E+05
200 3.90E15 9.99E11 3.90E+13 1.44E+09| 1.01E10 1.21E+10 2.49E+04
275 4.12E15 9.99E11 1.21E+14 4.54E+09 | 1.00E10 2.89E+11 1.06E+06
6 298 4.34E15 9.99E11 1.46E+14 5.73E+09| 1.00E10 5.33E+11 2.28E+06
325 4.66E15 9.99E11 1.74E+14 7.21E+09| 1.00E10 9.59E+11 4.88E+06
400 5.86E15 9.99E11 2.28E+14 1.16E+10| 1.00E10 2.97E+12 2.34E+07
200 7.62E17 1.01E10 2.79E+10 1.81E+04| 1.00E10 7.46E+10 8.01E+03
275 1.95E16 1.00E10 5.32E+11 8.37E+05| 1.00E10 1.27E+12 4.63E+05
9 298 | 2.456E16 1.00E10 9.35E+11 1.83E+06| 1.00E10 2.17E+12 1.06E+06
325 3.15E16 1.00E10 1.60E+12 3.98E+06 | 1.00E10 3.65E+12 2.41E+06
400 5.66E16 9.97E11 4.50E+12 1.96E+07| 9.97El1l 9.75E+12 1.30E+07
200 3.84E23 1.01E10 4.72E+07 17906 | 1.01E10 4.72E+07 1.62E05
275 4.15E21 1.01E10 4.35E+08 3.03E03 | 1.01E10 4.35E+08 1.49E02
11 298 1.14E20 1.01E10 6.57E+08 1.3902 | 1.01El0 6.57E+08 6.02E02
325 3.15E20 1.01E10 9.70E+08 6.29E02 | 1.01E10 9.70E+08 2.40E01
400 2.83E19 1.01E10 2.00E+09 1.42E+00| 1.01E10 2.00E+09 4.20E+00
200 8.75E23 1.01E10 2.45E+11 1.73E01 | 1.00E10 4.51E+11 7.27E02
275 7.18E21 1.01E10 8.49E+11 451E+01| 1.00E10 1.58E+12 2.89E+01
13 298 1.85E20 1.01E10 1.05E+12 1.40E+02| 1.00E10 1.95E+12 9.83E+01
325 4.82E20 1.01E10 1.27E+12 4.32E+02| 1.00E10 2.37E+12 3.30E+02
400 3.79E19 1.00E10 1.73E+12 4.38E+03| 1.00E10 3.24E+12 4.02E+03
200 2.07E23 1.00E10 2.37E+11 2.23E02 | 1.01El10 5.51E+11 6.18E02
275 2.84E21 1.00E10 4.91E+11 6.45E+00| 1.00E10 1.55E+12 2.36E+01
14 298 8.11E21 1.00E10 5.46E+11 2.05E+01| 1.00E10 1.83E+12 7.93E+01
325 2.34E20 1.00E10 5.95E+11 6.46E+01| 1.00E10 2.12E+12 2.64E+02
400 2.25E19 1.00E10 6.52E+11 6.86E+02| 1.00E10 2.64E+12 3.15E+03
200 3.68E17 1.01E10 3.48E+10 1.27E+04 Degeneracy of 2
275 1.34E16 1.01E10 9.70E+11 1.29E+06 Degeneracy of 2
17 298 1.81E16 1.01E10 1.85E+12 3.32E+06 Degeneracy of 2
325 2.48E16 1.01E10 3.45E+12 8.50E+06 Degeneracy of 2
400 5.15E16 1.00E10 1.15E+13 5.91E+07 Degeneracy of 2
200 4.41E16 1.01E10 3.49E+13 1.52E+08| 1.01E10 9.08E+10 2639.8
275 9.62E16 1.01E10 8.94E+13 8.37E+08 | 1.01E10 6.10E+11 128231
18 298 1.18E15 1.01E10 1.04E+14 1.18E+09| 1.01E10 8.66E+11 283266
325 1.46E15 1.00E10 1.19E+14 1.67E+09| 1.01E10 1.20E+12 621017
400 2.50E15 1.00E10 1.44E+14 3.39E+09| 1.01E10 2.18E+12 3.13E+06
20 200 2.08E18 1.01E10 9.65E+10 9.97E+02 Degeneracy of 2
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275 1.86E17 1.01E10 9.03E+11 8.34E+04 Degeneracy of 2
298 3.02E17 1.01E10 1.37E+12 2.06E+05 Degeneracy of 2
325 4.99E17 1.00E10 2.04E+12 5.06E+05 Degeneracy of 2
400 1.52E16 1.00E10 4.26E+12 3.22E+06 Degeneracy of 2

Table 4: Canonical Rate Constants (kcay of Ozonolysis of Alkene 2 based on asteady state treatment of
individual canonical rate coefficients of reaction ( &z, k1, & kz)

O3 + Alkene 2

T 7 p=4 ol Q Q Q Q Q Q Q Q
(K) | (cm®s?!) | (cm®s?) (s (s (cm®s?) (s (s (cm®s?) (s1) (s

TSoz01.1 TSoz01.2 TSoz01.3

1.00E10 [ 5.45E+11] 1.38E+04| 1.01E10 | 5.75E+11] 1.14E+04] 1.01E10 | 2.05E+12] 6.69E+04

200 9.13E-18 TSo02.1 TS9702.2 TS9202.3

1.00E10 | 8.45E+11] 1.75E+03| 1.00E10 | 2.31E+12] 1.15E+03| 1.01E10 | 1.16E+12]| 1.18E+04

TSoz01.1 TSoz01.2 TSoz01.3

275 | 658E17 |L-00E10 | 5.15E+12] 9.21E+05| 1.01E10 | 6.35E+12] 7.95E+05] 1.01E10 | 8.63E+12] 1.91E+0§

TSoz02.1 TS0z02.2 TS07z02.3

1.00E10 [ 5.73E+12] 1.64E+05] 1.00E10 | 1.31E+13[ 1.16E+05| 1.00E10 | 5.76E+12]| 5.34E+05

TSoz01.1 TSoz01.2 TSoz01.3

208 | 103E16 |L-00E10 | 7.85E+12] 2.17E+06] 1.01E10 | 1.00E+13] 1.89E+06] 1.01E10 | 1.11E+13[ 3.77E+0§

TSoz02.1 TS0z02.2 TS07z02.3

1.00E10 | 8.16E+12] 4.15E+05] 1.00E10 | 1.81E+13[ 2.98E+05| 1.00E10 | 7.67E+12]| 1.16E+06

TSoz01.1 TSoz01.2 TSz01.3

1.00E10 | 1.17E+13| 5.07E+06] 1.01E10 | 1.54E+13| 4.47E+06] 1.01E10 | 1.41E+13| 7.41E+06

325 | 1.63E16 Teoo 1 TS202.2 TS0702.3

1.00E10 [ 1.14E+13] 1.04E+06| 1.00E10 | 2.43E+13[ 7.57E+05| 1.00E10 | 1.00E+13]| 2.50E+06

TSoz01.1 TSoz01.2 TS07z01.3

400 | a50E16 |L:OOEL0 | 2.47E+13] 2.91E+07| 1.01E10 | 3.49E+13] 2.62E+07| 1.00E10 | 2.09E+13] 2.98E+07

TSoz02.1 TSo0z02.2 TSz02.3

1.00E10 | 2.08E+13] 6.90E+06| 1.00E10 | 4.14E+13] 5.18E+06| 1.00E10 | 1.60E+13]| 1.22E+07

Table 5: Canonical Rate Constants (kcay of Ozonolysis of Alkene 3 based on a steady state treatment of
individual canonical rate coefficients of reaction ( &z, k1, & kz)

O3 + Alkene 3
T - Ko) 0 0 0 0 0 0 0 0
(K) | (cm3s?) | (cm3s?h (sh (sh (cm3s?) (sh (sh (cm3 s?) (sh (sh

TSoz01.1 TSoz01.2 TSoz01.3

200 | 4.87E18 | L-O1EL0 | 1.48E+12] 4.94E+04 1.01E10 | 2.13E+12] 6.81E+02 1.00E10 | 4.39E+12] 6.98E+03

TSoz02.1 TSo0z02.2 TSz02.3

1.00E10 [ 5.26E+12] 2.43E+03| 1.00E10 | 1.39E+12] 2.39E+03] 1.00E10 | 4.21E+12] 4.53E+04

TSoz01.1 TSoz01.2 TSoz01.3

1.01E10 | 1.20E+13] 2.21E+06| 1.00E10 | 8.44E+12 5.95E+04] 1.00E10 | 1.51E+13] 3.00E+05

275 | 3.21E17 Teo? 1 TS9202.2 TS0z02.3

1.00E10 [ 2.38E+13] 1.91E+05| 1.00E10 | 6.07E+12] 1.41E+05] 1.00E10 | 1.59E+13] 1.22E+0§|

TSoz01.1 TSoz01.2 TSoz01.3

1.00E10 [ 1.77E+13] 4.80E+06| 1.00E10 | 1.07E+13] 1.48E+05] 1.00E10 | 1.88E+13] 6.45E+05

298 | 4.96E17 TSoz02.1 TSoz02.2 TSz02.3

1.00E10 [ 3.12E+13] 4.66E+05] 1.00E10 | 7.88E+12] 3.23E+05] 1.00E10 | 2.00E+13] 2.39E+0§|

TSoz01.1 TSoz01.2 TSoz01.3

a5 | 782517 | L-00EL0 | 2.57E+13] 1.03E+07| 1.00E10 | 1.34E+13] 3.65E+05] 1.00E10 | 2.28E+13] 1.38E+0§|

TSoz02.1 TSoz02.2 TS0z02.3

1.00E10 [ 4.01E+13] 1.13E+06] 1.00E10 | 1.00E+13] 7.35E+05] 1.00E10 | 2.48E+13] 4.64E+06

TSoz01.1 TSoz01.2 TSoz01.3

1.00E10 [ 5.11E+13] 5.02E+07| 1.00E10 | 1.95E+13] 2.34E+06] 1.00E10 | 3.13E+13] 6.57E+06|

400 | 2.21E16 TSo702.1 TS0702.2 TSz02.3

1.00E10 | 6.22E+13] 6.93E+06] 1.00E10 | 1.52E+13] 3.99E+06] 1.00E10 | 3.55E+13] 1.82E+07]
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Table 6: Canonical Rate Constants (kcany of Ozonolysis of Alkene 7 based on a steady state treatment of
individual canonical rate coefficients of reaction ( Az, k1, & kz)

O3 + Alkene 7

T - Q Q Q Q Q Q Q Q Q
(K) | (em3s?h) | (em3s?) (s (s (cm3s?) (s (s (cm3®s?) (sh) (s

TSoz01.1 TSoz01.2 TSoz01.3

1.01E10 | 2.82E+13] 4.19E+08| 1.01E10 | 2.11E+13[ 5.25E+04] 1.01E10 | 2.11E+13| 5.41E+08

200 | 4.78E15 TS 2.1 TSo202.2 TS0702.3

1.01E10 [ 5.15E+10] 1.61E+04 1.01E10 | 5.15E+10] 2.02E+01] 1.01E10 | 5.15E+10] 3.40E+05

TSoz01.1 TSoz01.2 TSoz01.3

275 | 48015 | L-01EL0 | 7.83E+13 1.32E+09| 1.00E10 | 7.84E+13| 2.03E+06] 1.00E10 | 7.84E+13| 1.84E+09

TSoz02.1 TSoz02.2 TSz02.3

1.01E10 [ 9.45E+11] 8.00E+05] 1.01E10 | 9.45E+11] 5.03E+03] 1.01E10 | 9.45E+11] 7.09E+0§|

TSoz01.1 TSoz01.2 TSoz01.3

208 | 51115 | L-00E10 | 9.27E+13 1.66E+09] 1.00E10 | 9.86E+13| 4.30E+06] 1.00E10 | 9.86E+13| 2.36E+09

TSoz02.1 TSoz02.2 TSz02.3

1.01E10 | 1.65E+12] 1.78E+06| 1.01E10 | 1.65E+12] 1.56E+04] 1.01E10 | 1.65E+12| 1.32E+07

TSoz01.1 TSoz01.2 TSoz01.3

1.00E10 | 1.07E+14] 2.08E+09| 1.00E10 | 1.22E+14| 9.05E+06| 1.00E10 | 1.22E+14| 3.02E+09

325 5.46E15 TSo02.1 TS9702.2 TSz02.3

1.00E10 | 2.82E+12] 3.93E+06| 1.00E10 | 2.82E+12| 4.78E+04] 1.00E10 | 2.82E+12| 2.44E+07

TSoz01.1 TSoz01.2 TSoz01.3

400 | 6.80E15 | L:00E10 | 1.34E+14| 3.32E+09] 1.00E10 | 1.73E+14] 4.21E+07| 1.00E10 | 1.73E+14] 5.05E+09

TSoz02.1 TS0z02.2 TS07z02.3

1.00E10 | 7.83E+12] 2.01E+07| 1.00E10 | 7.83E+12| 4.84E+05| 1.00E10 | 7.83E+12]| 8.71E+07

Table 7: Canonical Rate Constants (kcay of Ozonolysis of Alkene 8 based on a steady state treatment of
individual canonical rate coefficients of reaction ( Az, k1, & k2)

Os + Alkene 8
T f-. 0 0 Q 0 0 0 Q Q Q
(K) | (em’sh) | (em’s?) | (s9) () | (emsh) | (s (s9) (cm®s?) (s9) (s9)

TSoz01.1 TSoz01.2 TSz01.3

00 | 8:85E17 | 1.00E10 | 2.07E+13 1.44E+07| 1.00E10 | 2.07E+13] 1.43E+05] 1.01E10 | 4.15E+14] 1.18E+05

TSoz02.1 TSo0z02.2 TS0z02.3

1.01E10 | 2.55E+11] 4.67E+04| 1.01E10 | 2.55E+11] 1.90E+02| 1.01E10 | 4.15E+14] 9.89E+03

TSoz01.1 TSoz01.2 TSz01.3

1.98E16 | 1.00E10 | 7.37E+13| 1.08E+08| 1.00E10 | 7.37E+13| 3.68E+06] 1.00E10 | 5.14E+14] 3.12E+06

275 TSoz02.1 TSo0z02.2 TS0z02.3

1.01E10 | 2.37E+12] 1.08E+06| 1.01E10 | 2.37E+12] 1.90E+04] 1.00E10 | 5.14E+14] 4.46E+05

TSoz01.1 TSoz01.2 TSz01.3

sgg | 2:443E16 | 1.00E10 | 9.18E+13 1.62E+08| 1.00E10 | 9.18E+13] 7.15E+06] 1.00E10 | 5.15E+14] 6.08E+06

TSoz02.1 TSo0z02.2 TSoz02.3

1.01E10 [ 3.60E+12] 2.05E+06| 1.01E10 | 3.60E+12] 4.85E+04] 1.00E10 | 5.15E+14] 9.71E+05

TSoz01.1 TSoz01.2 TSz01.3

3p5 | 3.07E16 | 1.00E10 | 1.12E+14] 2.43E+08] 1.00E10 | 1.12E+14] 1.38E+07| 1.00E10 | 5.06E+14] 1.18E+07

TSoz02.1 TSo0z02.2 TSoz02.3

1.00E10 [ 5.34E+12] 3.86E+06] 1.00E10 | 5.34E+12] 1.23E+05] 1.00E10 | 5.06E+14] 2.10E+0§

TSoz01.1 TSoz01.2 TSoz01.3

5.45E16 | 1.00E10 | 1.55E+14] 5.60E+08| 1.00E10 | 1.55E+14| 5.36E+07| 1.00E10 | 4.49E+14| 4.60E+07

400 TSoz02.1 TSoz02.2 TSoz02.3

1.00E10 [ 1.11E+13] 1.42E+07| 1.00E10 | 1.11E+13] 8.39E+05] 1.00E10 | 4.49E+14] 1.02E+07|
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Table 8: Canonical Rate Constants (kcany of Ozonolysis of Alkene 12 based on a steady state treatment of

individual canonical rate coefficients of reaction ( Az, k1, & kz)
Oz + Alkene 12
T iy Q Q Q Q Q Q Q Q Q
(K) | (em3sh) | (cm3s?) (sh (sh (cm3s?) (sh (sh (cm3sh) (sh (sh
TSozol.1 TSoz01.2 TSoz01.3
200 | 12022 | 299E1L | 1.81E+12 1.27E+00] 9.99E11 | 1.81E+12| 3.22E03 | 1.00E10 | 9.79E+11] 3.32E02
' TSoz02.1 TSoz02.2 TSoz02.3
1.00E10 [ 9.50E+11] 4.29E01 | 1.00E10 | 1.11E+14] 1.84E02 | 1.00E10 | 9.79E+11] 9.67E03
TSozol.1 TSoz01.2 TSoz01.3
975 | 112200 | L:00E10 | 2.02E+12| 1.17E+02] 1.00E10 | 2.02E+12| 1.47E+00] 1.00E10 | 2.54E+12[ 1.95E+01]
' TSoz02.1 TSoz02.2 TSoz02.3
1.00E10 [ 2.05E+12] 8.70E+01] 1.00E10 | 6.83E+13] 8.45E+00] 1.00E10 | 2.54E+12] 7.62E+00)
TSozol.1 TSoz01.2 TSoz01.3
208 | 29920 |1:00E10 | 1.98E+12 2.95E+02] 1.00E10 | 1.98E+12] 5.15E+00] 1.00E10 | 2.96E+12| 7.17E+01]
' TSoz02.1 TSoz02.2 TSoz02.3
1.00E10 | 2.30E+12] 2.57E+02| 1.00E10 | 5.91E+13] 2.95E+01] 1.00E10 | 2.96E+12] 2.98E+01
TSozol.1 TSoz01.2 TSoz01.3
325 | 8.0g20 | L:00E10 | 1.90E+12[ 7.33E+02] 1.00E10 | 1.90E+12] 1.78E+01] 1.00E10 | 3.37E+12[ 2.60E+02)
' TSoz02.1 TSoz02.2 TSo702.3
1.00E10 | 2.52E+12] 7.51E+02| 1.00E10 | 5.02E+13] 1.02E+02| 1.00E10 | 3.37E+12] 1.15E+02
TSozol.1 TSoz01.2 TSoz01.3
400 | 6.97E19 | 1:00ELO | 1.60E+12| 4.78E+03] 1.00E10 | 1.60E+12| 2.28E+02| 1.00E10 | 4.07E+12[ 3.71E+03
' TSoz02.1 TSoz02.2 TS0702.3
1.00E10 | 2.82E+12] 6.83E+03| 1.00E10 | 3.28E+13] 1.31E+03| 1.00E10 | 4.07E+12] 1.86E+03
Table 9: Canonical Rate Constants (kcay of Ozonolysis of Alkene 15 based on asteady state treatment of
individual canonical rate coefficients of reaction ( Az, k1, & k2)
O3 + Alkene 15
T - Q Q Q Q Q Q Q Q Q
(K) | em®s?) | em®s?) | (s?) (s | (emish | (s (s (cm®s?) (s (s1)
TSozol.1 TSoz01.2 TSoz01.3
200 | 731E16 | 299ELL | 4.48E+13 2.40E+08| 1.00E10 | 1.76E+11] 1.92E+05] 1.00E10 | 1.19E+14[ 5.30E+07,
TSoz02.1 TSoz02.2 TS0702.3
9.98E11 | 6.07E+13] 1.07E+07| 9.98E11 | 7.42E+13] 9.52E+06] 9.99E11 | 5.15E+13] 5.24E+06
TSozol.1 TSoz01.2 TSoz01.3
975 | 134515 | 299E1L | 1.93E+14| 1.59E+09] 1.00E10 | 2.68E+12] 6.78E+06] 1.00E10 | 4.67E+14| 5.15E+08
TSoz02.1 TSoz02.2 TS0702.3
9.98E11 | 2.41E+14] 1.56E+08| 9.99E11 | 2.40E+14] 1.22E+08] 9.99E11 | 2.48E+14] 8.78E+07
TSozol.1 TSoz01.2 TSoz01.3
208 | 150515 | L99ELL | 2.50E+14] 2.33E+09] 1.00E10 | 4.50E+12] 1.40E+07| 1.00E10 | 5.94E+14| 8.18E+08
TSoz02.1 TSoz02.2 TS0702.3
9.98E11 | 3.08E+14] 2.70E+08| 9.99E11 [ 2.92E+14] 2.05E+08] 9.99E11 | 3.30E+14] 1.56E+0§
TSozol.1 TSoz01.2 TSoz01.3
a5 | 103E15 | L99ELL | 3.17E+14] 3.41E+09] 1.00E10 | 7.38E+12| 2.89E+07| 1.00E10 | 7.39E+14| 1.29E+09
TSoz02.1 TSoz02.2 TS0702.3
9.98E11 | 3.84E+14] 4.64E+08| 9.99E11 | 3.49E+14] 3.44E+08| 9.99E11 | 4.28E+14] 2.76E+0§
TSozol.1 TSoz01.2 TSoz01.3
400 | 3.15E15 | L99ELL | 4.77E+14] 7.46E+09] 1.00E10 | 1.89E+13] 1.28E+08| 1.00E10 | 1.07E+15] 3.33E+09
TSoz02.1 TSoz02.2 TS0702.3
9.99E11 | 5.59E+14] 1.41E+09] 9.99E11 | 4.63E+14] 9.92E+08] 1.00E10 | 6.78E+14] 8.92E+0§
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Table 10: Canonical Rate Constants (kcay of Ozonolysis of Alkene 16 based on a steady state treatment of
individual canonical rate coefficients of reaction ( Az, k1, & kz)

O3 + Alkene 16

T g _ ’i’Q ’i‘Q 'rQ ’i‘Q 'rQ 'rQ 'rQ 'rQ 'rQ
(K) | (cnPs?) | (cmPs?) (Y (sh) (cmPs?) (sh) (sh) (cm?s?) (sh) (sh)

TSz01.1 TSz01.2 TSz01.3

200 | 131E15 | L-00E10 | 3.25E+13] 5.96E+07| 1.01E10 | 3.02E+12] 2.30E+03] 1.01E10 | 3.02E+12] 3.27E+07

TSz02.1 Tz02.2 T9702.3

1.00E10 | 7.96E+11] 9.28E+03| 1.01E10 | 2.56E+11] 3.49E+00| 1.01E10 | 2.56E+11]| 9.81E+04

TSz01.1 TSz01.2 T®z01.3

1.00E10 | 8.26E+13] 3.55E+08| 1.00E10 | 1.11E+13[ 1.70E+05| 1.00E10 | 1.11E+13| 1.76E+08

275 | 2.14E15 TS02.1 T%202.2 T®z02.3

1.00E10 [ 4.39E+12] 4.34E+05] 1.01E10 | 1.43E+12] 7.66E+02| 1.01E10 | 1.43E+12] 1.67E+06

TSz01.1 TSz01.2 TSz01.3

1.00E10 [ 9.61E+13] 5.10E+08| 1.00E10 | 1.39E+13] 4.07E+05] 1.00E10 | 1.39E+13] 2.47E+08§

298 | 2.48E15 TS02.1 T%202.2 T®z02.3

1.00E10 | 5.98E+12] 9.52E+05 1.00E10 | 1.96E+12| 2.31E+03| 1.00E10 | 1.96E+12| 2.98E+06

TSz01.1 TSz01.2 T®z01.3

325 | 293g15 | L-00EL0 | 1.10E+14| 7.30E+08| 1.00E10 | 1.71E+13] 9.61E+05] 1.00E10 | 1.71E+13] 3.46E+0§

T202.1 T®z02.2 T202.3

1.00E10 | 7.96E+12] 2.07E+06| 1.00E10 | 2.62E+12| 6.88E+03| 1.00E10 | 2.62E+12]| 5.27E+06

TSz01.1 T®z01.2 T®701.3

400 | 454g15 | L-00E10 | 1.32E+14] 1.53E+09] 1.00E10 | 2.40E+13] 5.55E+06] 1.00E10 | 2.40E+13] 6.91E+0§

T9z02.1 T9z02.2 T97z02.3

1.00E10 | 1.33E+13] 1.03E+07| 1.00E10 | 4.41E+12| 6.54E+04] 1.00E10 | 4.41E+12] 1.71E+07
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Table 11. Canonical Rate Constants (kcay of Ozonolysis of Alkenes5 & 10 based on a steady state treatment of individual canonical rate coefficients ( &z, k1, & k2)
Os + Alkene 5
B _ Tszo 1.1 _ _ TS~ozo 1.2 _ _ TS~ozo 2.1 _ _ TS~ozo 2.2 _
T (K) (cmF3=sl) Q Q Q Q Q Q Q Q Q Q Q Q
(cmPst) (s (s (cmPs?) (s (s (cnPst) (sh (sh (cnPst) (s (s
200 1.14F17 | 1.00E10 | 4.45E+11 | 6.67E+02 | 1.01E10 2.87E+12 | 1.02E+03 | 1.00E10 | 6.45E+11| 7.19E+04 | 1.01E10 5.54E+11 | 1.06E+02
275 4.90E17 | 1.00E10 | 2.20E+12 | 4.53E+04 | 1.01E10 1.22E+13 | 8.15E+04 | 1.00E10 | 1.39E+12 | 6.36E+05 | 1.01E10 | 4.69E+12 | 1.98E+04
298 6.90E17 | 1.00E10 | 2.93E+12 | 1.07E+05 | 1.00E10 1.57E+13 | 1.99E+05 | 1.00E10 | 1.56E+12 | 9.85E+05 | 1.01E10 6.98E+12 | 5.79E+04
325 9.92E17 | 1.00E10 | 3.82E+12 | 2.50E+05 | 1.00E10 1.99E+13 | 4.83E+05 | 1.00E10 | 1.72E+12 | 1.52E+06 | 1.00E10 1.02E+13 | 1.67E+05
400 2.32E16 | 1.00E10 | 6.08E+12 | 1.44E+06 | 1.00E10 2.97E+13 | 2.99E+06 | 1.00E10 | 1.92E+12 | 3.66E+06 | 1.00E10 2.04E+13 | 1.49E+06
Os + Alkene 10
TSoz01.1 TSo701.2 TSoz02.1 TS0702.2
T (K) (égngzj) o) Q Q Q Q Q o) o) Q o) o) o)
(cmBs?) (sY (sY (cnBs?) (sY (sY (cmBsh) (sh (sh (cmBst) (sY (sY
200 1.42E19 | 9.97E11 | 3.98E+12 | 1.21E+03 | 9.98E11 2.29E+15 | 2.34E+03 | 1.00E10 | 1.60E+11| 1.78E+02 | 1.00E10 5.77E+14 | 8.55E+02
275 9.33E19 | 9.98E11 | 1.83E+13 | 4.88E+04 | 9.98E11 2.95E+15 | 1.24E+05 | 1.00E10 | 2.73E+12 | 1.79E+04 | 1.00E10 5.51E+14 | 2.68E+04
298 1.43E18 | 9.98E11 | 2.40E+13 | 1.04E+05 | 9.98E11 2.98E+15 | 2.79E+05 | 1.00E10 | 4.69E+12 | 4.60E+04 | 1.00E10 5.24E+14 | 5.41E+04
325 2.24E18 | 9.98E11 | 3.08E+13 | 2.19E+05 | 9.99E11 2.96E+15 | 6.23E+05 | 1.00E10 | 7.87E+12 | 1.17E+05 | 1.00E10 | 4.89E+14 | 1.09E+05
400 6.29E18 | 9.98E11 | 4.74E+13 | 1.02E+06 | 9.99E11 2.68E+15 | 3.29E+06 | 1.00E10 | 2.12E+13 | 8.05E+05 | 1.00E10 | 3.91E+14 | 8.05E+05
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1.2.3 Product Branching Fractions (Brueo)

Complete product branching ratios (Brreg of ozonolysis Reactions are found herein. The

branching fractions for O 3 + Alkenes 131 18 are displayed with new Brreolabelling, for
anti - & syn-RIR.COO(Bantir1 & Bsynr1) and anti- & syn-RsRyCOO(Bantirs & Bsynry). One
important factor is that the MESMER treatment for all other O 3 + alkene reactions expect

for Oz + Alkenes 1, 6, 11, 13 & 18, went through a single POZ conformer to determine the

Brueovalues.
Table 12: Product Branching Ratios of Ozonolysis of Alkenes 1, 4, 6, 9, 11, 13, 14, 17,18 & 20.
T O; + Alkene 1 O; + Alkene 6
(K) Grainsize 25 Grainsize 40
BanTi Bro (1) Bro (2) Bsyn BanTi Bomro(1) Bomro(2) Bsyn
200 0.722 0.047 0.010 0.221 0.001 0.994 0.005 <0.001
275 0.621 0.097 0.049 0.233 0.157 0.636 0.165 0.042
298 0.452 0.157 0.115 0.276 0.216 0.509 0.203 0.072
325 0.305 0.286 0.204 0.205 0.211 0.520 0.199 0.070
400 0.536 0.139 0.094 0.232 0.231 0.478 0.209 0.081
T O; + Alkene 4 Oz + Alkene 9
(K) Grainsize 20 Grainsize 15
BanTi Beo (1) Beo (2) Bsyn BanTi Bomro(1) Bomeo(2) Bsvyn
200 0.112 0.618 0.220 0.050 <0.001 <0.001 1.000 <0.001
275 0.475 0.303 0.165 0.057 0.067 0.006 0.868 0.058
298 0.470 0.303 0.168 0.059 0.114 0.010 0.778 0.098
325 0.472 0.303 0.167 0.058 0.121 0.011 0.763 0.105
400 0.460 0.304 0.174 0.062 0.130 0.014 0.742 0.114
T O3 + Alkene 11 O; + Alkene 13
(K) Grainsize 40 Grainsize 70
BanTi Bro (1) Bro (2) Bsyn BanTiRL Bsvynr1 BanTiR3 Bsvynra
200 <0.001 0.524 0.476 <0.001 0.996 0.002 <0.001 0.002
275 <0.001 0.545 0.455 <0.001 0.575 0.101 0.118 0.206
298 <0.001 0.532 0.468 <0.001 0.542 0.119 0.144 0.194
325 <0.001 0.544 0.456 <0.001 0.571 0.103 0.120 0.207
400 <0.001 0.548 0.452 <0.001 0.585 0.147 0.105 0.163
T O3 + Alkene 14 O; + Alkene 17
(K) Grainsize 25 Grainsize 15
BanTiR1 BsvynRr1 BanTiR3 Bsvynr3 BanTi Bsvyn
200 0.475 0.456 0.046 0.024 0.216 0.784
275 0.474 0.451 0.049 0.026 0.535 0.465
298 0.473 0.450 0.050 0.027 0.520 0.480
325 0.472 0.449 0.051 0.028 0.527 0.473
400 0.469 0.445 0.055 0.031 0.540 0.460
T O3 + Alkene 18 O3 + Alkene 20
(K) Grainsize 40 Grainsize 15
BanTi Bsvyn Bomro Bro
200 0.998 0.002 0.999 0.001
275 0.879 0.121 0.828 0.172
298 0.872 0.128 0.842 0.158
325 0.814 0.186 0.817 0.183
400 0.798 0.202 0.837 0.163
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Table 13: Product Branching Ratios of Ozonolysis of Alkenes2, 3, 7, 8 & 12.

O; + Alkene 2 Grainsize: 25

T (K) Banti (1) | Banti (2) | Banmi (3) Beo (1.1) Beo (1.2) Beo (1.3) B0 (2.1) B0 (2.2) Beo (2.3) Bsyn(1) | Bsyn(2) Bsvyn(3)
200 0.159 0.132 0.300 0.034 0.027 0.042 0.015 0.016 0.023 0.107 0.001 0.144
275 0.131 0.109 0.190 0.068 0.057 0.073 0.056 0.050 0.065 0.083 0.019 0.100
298 0.130 0.108 0.188 0.068 0.058 0.073 0.057 0.051 0.065 0.082 0.019 0.099
325 0.131 0.109 0.190 0.068 0.057 0.073 0.056 0.050 0.064 0.083 0.019 0.100
400 0.132 0.110 0.193 0.067 0.056 0.072 0.054 0.049 0.063 0.084 0.018 0.102

O3 + Alkene 3 Grainsize: 25

TK [ Bawn(@) | Banni(2) | Banni(3) | Bo(1.1) Bo(1.2) Bo(1.3) Bo(2.1) Bo0(2.2) B0 (2.3) Bsyn(1) | Bswn(2) | Bsvn(3)
200 0.115 0.199 0.151 0.068 0.114 0.074 0.039 0.073 0.057 0.018 0.079 0.013
275 0.111 0.183 0.142 0.072 0.116 0.078 0.044 0.078 0.063 0.022 0.076 0.017
298 0.110 0.180 0.141 0.072 0.117 0.078 0.045 0.079 0.063 0.022 0.075 0.017
325 0.114 0.195 0.149 0.069 0.115 0.075 0.040 0.075 0.058 0.018 0.078 0.014
400 0.107 0.167 0.135 0.075 0.119 0.081 0.048 0.083 0.068 0.025 0.073 0.019

O; + Alkene 7 Grainsize: 25

T (K) Banti (1) | Banti (2) | Banmi (3) | Bomeo(1.1) Bomro(1.2) Bomeo(1.3) Bomeo(2.1) Bomeo(2.2) Bomro(2.3) | Bsyn(1) | Bsyn(2) Bsyn(3)
200 0.029 0.033 0.115 0.142 0.166 0.292 0.034 0.034 0.109 0.018 0.002 0.026
275 0.018 0.023 0.093 0.138 0.185 0.369 0.023 0.024 0.097 0.011 0.001 0.018
298 0.023 0.027 0.102 0.141 0.178 0.334 0.028 0.028 0.103 0.014 0.002 0.021
325 0.046 0.047 0.140 0.141 0.137 0.203 0.050 0.047 0.121 0.027 0.005 0.038
400 0.035 0.038 0.121 0.140 0.157 0.266 0.039 0.038 0.112 0.021 0.003 0.030

O3 + Alkene 8 Grainsize:

T (K) Banti (1) | Banti (2) | Banmi(3) | Bomeo(1.1) Bomro(1.2) Bomeo(1.3) Bomeo(2.1) Bomeo(2.2) Bomro(2.3) | Bsyn(1) | Bsyn(2) Bsvyn(3)
200 0.000 0.000 0.000 0.040 0.959 0.000 0.000 0.000 0.000 0.000 0.000 0.000
275 0.024 0.045 0.002 0.285 0.495 0.041 0.044 0.056 0.003 0.003 0.001 0.000
298 0.029 0.050 0.003 0.286 0.466 0.044 0.049 0.062 0.003 0.004 0.002 0.001
325 0.025 0.045 0.003 0.285 0.494 0.041 0.044 0.056 0.003 0.004 0.001 0.000
400 0.045 0.066 0.007 0.281 0.381 0.052 0.065 0.080 0.007 0.008 0.004 0.002

Os + Alkene 12 Grainsize: 30

T (K) Banti (1) | Banti (2) | Banmi (3) Beo (1.1) Beo (1.2) B0 (1.3) B0 (2.1) B0 (2.2) Beo (2.3) Bsyn(1) | Bsyn(2) Bsyn(3)
200 0.008 0.021 0.005 0.082 0.345 0.104 0.071 0.292 0.069 0.001 0.001 0.000
275 0.010 0.026 0.007 0.087 0.329 0.109 0.076 0.280 0.072 0.001 0.002 0.000
298 0.010 0.025 0.007 0.086 0.333 0.107 0.074 0.283 0.071 0.001 0.002 0.000
325 0.012 0.029 0.008 0.093 0.316 0.113 0.080 0.271 0.075 0.001 0.002 0.000
400 0.041 0.078 0.030 0.133 0.183 0.141 0.111 0.170 0.089 0.008 0.012 0.003
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Table 14 Product Branching Ratios of Ozonolysis of Alkenes 15 & 16.

O; + Alkene 15 Grainsize: 25

T(K) | Banmi(1.1) | Banti(1.2) | Banmi(21.3) | Bsyn(1.1) | Bsyn(1.2) | Bsyn(1.3) Bani(2.1) BanTi(2.2) Bani(2.3) Bsyn(2.1) | Bsyn(2.2) Bsyn(2.3)
200 0.042 0.135 0.080 0.117 0.115 0.089 0.049 0.132 0.110 0.021 0.088 0.022
275 0.044 0.135 0.081 0.116 0.114 0.088 0.051 0.131 0.110 0.022 0.088 0.022
298 0.044 0.134 0.081 0.115 0.114 0.088 0.051 0.131 0.110 0.022 0.087 0.023
325 0.044 0.134 0.081 0.115 0.113 0.087 0.051 0.131 0.110 0.022 0.087 0.023
400 0.045 0.134 0.081 0.114 0.112 0.086 0.053 0.131 0.110 0.023 0.087 0.024

O; + Alkene 16 Grainsize:

T(K) | Banmi(1.1) | Banmi(1.2) | Banmi(1.3) | Bsyn(1.1) | Bsyn(1.2) | Bsyn(1.3) | Banmi(2.1) | Banmi(2.2) | Banmi(2.3) | Bsyn(2.1) | Bsyn(2.2) | Bsyn(2.3)
200 0.133 0.318 0.003 0.000 0.000 0.000 0.139 0.265 0.141 0.000 0.001 0.000
275 0.144 0.221 0.040 0.011 0.022 0.001 0.160 0.192 0.150 0.022 0.030 0.008
298 0.134 0.191 0.053 0.022 0.038 0.004 0.151 0.166 0.137 0.036 0.048 0.020
325 0.140 0.207 0.046 0.016 0.030 0.003 0.155 0.180 0.144 0.029 0.038 0.014
400 0.135 0.195 0.051 0.021 0.036 0.004 0.151 0.169 0.138 0.034 0.046 0.019

Table 15: Product Branching Ratios of Ozonolysis of Alkenes5 & 10.
T O; + Alkene 5
(K) Grainsize 60
Banti (1) Banti (2) Bro (1.1) Bro (1.2) Bro (2.1) Bro (2.2) Bsyn(1) Bsyn(2)
200 0.008 0.028 0.011 0.597 0.028 0.314 0.001 0.014
275 0.009 0.032 0.014 0.583 0.032 0.313 0.001 0.016
298 0.012 0.035 0.017 0.571 0.036 0.310 0.002 0.018
325 0.019 0.042 0.025 0.539 0.045 0.302 0.004 0.024
400 0.038 0.066 0.048 0.438 0.076 0.283 0.011 0.041
T Gs + Alkene 10
(K) Grainsize 60
Banti (1) Banti (2) Bro (1.1) Bro (1.2) Bro (2.1) Bro (2.2) Bsyn(1) Bsyn(2)
200 0.000 0.000 0.001 0.979 0.001 0.019 0.000 0.000
275 0.005 0.019 0.053 0.679 0.035 0.207 0.000 0.003
298 0.005 0.019 0.055 0.674 0.036 0.207 0.000 0.003
325 0.006 0.020 0.057 0.669 0.037 0.208 0.000 0.003
400 0.007 0.023 0.062 0.654 0.040 0.210 0.001 0.004
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1.2. 4 Epoxide Related Results

Complete Rate Constants and Product Branching Ratios for Epoxide pathways simulations in Section 3.8 of the main manuscript.

Table 16: Overall and Epoxidation Master Equation Rate Constants (k mg) and Canonical Rate Constants (kcay for O 3 + Alkene 1. (Using B3LYPEnergies)

Rate Constants: Oz + Alkene 1 Grainsize 20
T (K) kME (Total) kME (EPO) Total kCAN TS01.1 TS701.2 TSpol.1 TSpol.2
200 2.68E-16 1.56E-26 2.68E-16 2.42E-16 2.63E-17 3.59E-28 1.53E-26
275 6.00E-16 1.60E-23 6.00E-16 4.98E-16 1.02E-16 1.31E-24 1.47E-23
298 7.37E-16 7.03E-23 7.37E-16 5.97E-16 1.39E-16 7.39E-24 6.29E-23
325 9.21E-16 3.13E-22 9.21E-16 7.28E-16 1.93E-16 4.20E-23 2.71E-22
400 1.59E-15 7.71E-21 1.59E-15 1.18E-15 4.08E-16 1.66E-21 6.05E-21
Table 17: Product Branching Ratio both all pathways including the epoxidation pathway for O 3 + Alkene 1. (Using B3LYP Energies)
Product Branching Ratio O ; + Alkene 1 Grainsize 50
Banmi Bo (1) Bro (2) Bsvn Bero(1.1) | Bepo(1.2) | Bepo(2.1) | Bepo(2.2) | Bepo(2.3) | Bepo(2.4)
200 0.616 0.140 0.102 0.142 8.65E-29 1.98E-29 4.70E-18 2.00E-16 8.52E-26 2.82E-27
275 0.566 0.157 0.128 0.149 1.25E-20 1.52E-21 1.66E-10 1.86E-09 1.91E17 5.13E-19
298 0.578 0.154 0.120 0.149 4.42E-19 7.45E-20 2.34E-09 1.99E-08 3.43E-16 1.34E-17
325 0.566 0.157 0.128 0.149 1.25E-20 1.52E-21 1.66E-10 1.86E-09 1.91E17 5.13E-19
400 0.450 0.199 0.183 0.168 2.88E-15 8.58E-16 1.04E-06 3.79E-06 4.10E-13 4.37E-14
Table 18: Overall and Epoxidation Master Equation Rate Constants (k mg and Canonical Rate Constants (kcay for O 3 + Alkene 5. (Using B3LYP Energies)
Rate Constants: O3 + Alkene 5 Grainsize 20
T (K) kuve (Total) kve (EPO) | Total Kean | TSoz01.1 TS701.2 TS02.1 TS5702.2 TSpol.1 TSpol.2 TSp0l.3 TSpol4
200 4.09E-17 8.44E-28 3.94E-17 2.08E-18 3.65E-19 3.68E-17 1.57E-19 5.44E-30 1.59E-28 2.72E-30 6.46E-28
275 1.23E-16 2.36E-24 1.29E-16 1.39E-17 3.65E-18 1.09E-16 1.96E-18 5.62E-26 7.11E-25 2.74E-26 1.50E-24
298 1.60E-16 1.16E-23 1.72E-16 2.13E-17 6.07E-18 1.41E16 3.41E-18 3.91E-25 4.17E-24 1.90E-25 7.69E-24
325 2.20E-16 6.42E-23 2.34E-16 3.31E-17 1.02E-17 1.85E-16 6.01E-18 2.74E-24 2.47E-23 1.32E-24 3.96E-23
400 5.20E-16 2.74E-21 4.89E-16 8.83E-17 3.23E-17 3.47E-16 2.09E-17 1.67E-22 1.05E-21 7.96E-23 1.27E-21
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1.3 Relative Energies, Enthalpies and Gibbs Free Energies

1.3.1 Main Computational Results

The Relative Energies, Enthalpies and Gibbs Free Energiesin this section is based on the
DFLCCSD(T)F12a molecular energy calculations, used for vast majority of analysis

Table 19: Relative Energies of Oz + Alkene 1 DRLCCSD(T)F12a energies (kJ mol?).

O3 + Alkene 1

Stationary Point xE ®ZPE 2 Hog 15 & Gos.15

PRC1 -18.43 -14.65 -13.38 21.63

TSOzol 5.45 11.59 8.51 56.97
POZ1 -254.53 -235.22 -240.87 -186.41

PRC2 -18.27 -14.82 -13.21 19.76

TSOzo2 9.87 15.96 12.93 61.14
POZz2 -254.91 -235.70 -241.53 -186.34
POZ1 -254.53 -235.22 -240.87 -186.41
TSpozl -241.46 -223.97 -231.14 -172.84
POZz2 -254.91 -235.70 -241.53 -186.34
POZ1 -254.53 -235.22 -240.87 -186.41
TSpoz2 -241.99 -224.36 -231.40 -173.44
POZz2 -254.91 -235.70 -241.53 -186.34
POZ1 -254.53 -235.22 -240.87 -186.41
TS 1 -172.31 -162.77 -167.46 -114.40
CanTi -273.71 -266.76 -267.15 -225.00
HCHO + AnttRCHOO -231.60 -234.74 -233.24 -233.71
POZ1 -254.53 -235.31 -241.15 -185.96
TSol -166.50 -156.71 -161.60 -108.14
Ceo1 -263.60 -259.95 -258.36 -223.57
RCHO + HCHOO -238.38 -239.30 -238.95 -241.66
POZz2 -254.91 -235.60 -241.26 -186.80
TSo02 -164.11 -154.11 -158.96 -105.96
Ce02 -258.38 -256.17 -253.22 -227.23
-238.38 -239.30 -238.95 -241.66

POZz2

TSsyn -254.91 -235.70 -241.53 -186.34
Csyn -171.23 -161.14 -166.17 -112.08

HCHO + SyrRCHOO -275.28 -271.46 -270.32 -232.19



Table 20: Relative Energies of Oz + Alkene 2 DFLCCSD(T)F12a energies (kJ molY).

Stationary Point &eE
EtCHCHcon 1+ O3 0.00
EtCHCH con 2 + O3 0.28

PRC1.1 -19.79
TSOzo1.1 5.09

POZ1.1 -254.56

PRC1.2 -20.79
TSOzo1.2 4.49

POZ1.2 -253.16
PRC1.3 -14.74
TSOzo01.3 5.54

POZ1.3 -255.60

PRC2.1 -17.80
TSOzo02.1 9.14

POZz2.1 -255.50

PRC2.2 -16.74
TS0z02.2 10.73

POZz2.2 -252.58
PRC2.3 -15.76
TS0z02.3 7.48

POZz2.3 -256.92

POZz1.1 -254.56

TSni 1 -171.83

Cani 1 -274.18

HCHO +Anti-EtCHOO Con 2 -230.48

POZ1.2 -253.16

TSni 2 -171.97

Canti 2 -275.74

HCHO +Anti-EtCHOO Con 1 -232.30

POZ1.3 -255.60

TSni 3 -173.80

Canii 3 -272.75

HCHO +Anti-EtCHOO Con 2 -230.48

POZz1.1 -254.56

TSol1 -167.32

Ceol.1 -262.48

HCHOO + EtCHOO Con 2 -236.82

POZz1.2 -253.16

TSo01l.2 -167.10

Ce01.2 -263.50

HCHOO +EtCHOO Con 1 -240.75

POZ1.3 -255.60

TS01.3 -168.02

C01.3 -267.16

HCHOO + EtCHOO Con 2 -236.82

POz2.1 -255.50

TSo02.1 -164.73

C02.1 -254.40

HCHOO + EtCHOO Con 2 -236.82

O3 + Alkene 2
®ZPE
0.00
0.64

-16.27
11.18
-235.71

-16.89
10.90
-234.23

-11.97
10.66
-236.90

-14.51
15.38
-236.70

-13.23
17.28
-233.64

-12.90
12.60
-238.39

-235.71
-162.54
-267.33
-233.31

-234.23
-162.32
-269.04
-235.39

-236.90
-164.43
-265.82
-233.31

-235.71
-158.01
-258.73
-237.35

-234.23
-157.45
-260.77
-241.47

-236.90
-158.53
-262.29
-237.35

-236.70
-155.37
-252.39
-237.35

2 Hos.15
0.00
0.34

-14.71
8.34
-241.00

-15.71
7.67
-239.54

-9.75
8.07
-242.17

-12.66
12.50
-242.16

-11.63
14.04
-239.15

-10.73
9.92
-243.83

-241.00
-166.95
-267.35
-231.68

-239.54
-166.83
-269.22
-233.92

-242.17
-168.79
-265.83
-231.68

-241.00
-162.56
-256.68
-236.98

-239.54
-162.07
-258.41
-241.31

-242.17
-163.07
-260.89
-236.98

-242.16
-159.84
-248.81
-236.98

& (g.15
0.00
1.35

19.99
56.93
-185.95

20.57
57.88
-184.52

20.88
56.40
-187.13

20.10
61.15
-186.33

22.06
63.98
-183.07

19.93
58.39
-188.04

-185.95
-113.30
-224.89
-232.47

-184.52
-112.79
-226.30
-233.79

-187.13
-115.45
-223.93
-232.47

-185.95
-108.70
-223.08
-240.30

-184.52
-108.04
-226.73
-243.49

-187.13
-109.21
-224.91
-240.30

-186.33
-106.39
-229.31
-240.30
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POz2.2
TS02.2

Cro2.2
HCHOO + EtCHOO Con 1

POZz2.3
TS02.3

Cr02.3
HCHOO +EtCHOO Con 2

POz2.1
T%yn 1
Gl
HCHO +SynRCHOO Con2

POZz2.2
TSyn 2
Coyn 2
HCHO +SynRCHOO Conl

POZz2.3
TSyn3
Ceyn 3
HCHO +SynRCHOO Con1l

-252.58
-165.60
-260.15
-240.75

-256.92
-166.18
-252.75
-236.82

-255.50
-172.05
-274.35
-244.58

-252.58
-160.28
-262.65
-242.24

-256.92
-173.28
-272.09
-242.24

-233.64
-155.96
-257.86
-241.47

-238.39
-156.66
-249.15
-237.35

-236.70
-162.47
-271.35
-247.65

-233.64
-150.66
-260.91
-243.61

-238.39
-163.32
-267.42
-243.61

-239.15
-160.52
-254.77
-241.31

-243.83
-161.10
-247.06
-236.98

-242.16
-167.22
-269.74
-246.48

-239.15
-155.37
-257.37
-242.67

-243.83
-168.02
-266.00
-242.67

-183.07
-106.68
-229.95
-243.49

-188.04
-107.63
-213.44
-240.30

-186.33
-112.36
-231.98
-246.05

-183.07
-100.89
-229.45
-241.56

-188.04
-113.34
-227.72
-241.56
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Table 21: Relative Energies of Oz + Alkene 3 DFLCCSD(T)F12a energies (kJ molY).

Stationary Point
iPrCHCH con 1 + O3
iPrCHCH con 2 + O3

PRC1.1
TSOzol.1
POZz1.1

PRC1.2
TSOzo01.2
POZz1.2

PRC1.3
TSOzo01.3
POZ1.3

PRC2.1
TSOzo2.1
POz2.1

PRC2.2
TS0z02.2
POZ2.2

PRC2.3
TSOz02.3
POZz2.3

POz1.1
TS 1
Canti 1
HCHO +Anti-IPrCHOO Con 2

POZz1.2
TSt 2
Canti 2
HCHO +Anti-IPrCHOO Con 1

POZ1.3
TS 3
Canti 3
HCHO +Anti-IPrCHOO Con 2

POZ1.1
TSoll

Goll
HCHOO HPrCHO Con 2

POZ1.2
TSo01l.2
Gol.2

xE

0.00
1.07

-19.29
3.23
-253.05

-14.45
5.19
-255.46

-13.87
8.62
-252.61

-15.71
10.15
-252.69

-15.10
9.23
-256.81

-14.49
12.23
-252.94

-253.05
-170.80
-275.14
-230.57

-255.46
-173.17
-273.60
-229.52

-252.61
-172.03
-274.29
-230.57

-253.05
-167.02
-269.00
-238.76

-255.46
-168.20
-262.24

O3 + Alkene 3
®ZPE

0.00
1.73

-15.21
9.81
-234.17

-11.80
10.85
-236.81

-10.68
14.68
-233.81

-11.95
16.95
-233.69

-12.38
15.06
-238.24

-11.16
18.53
-234.11

-234.17
-161.17
-268.24
-233.20

-236.81
-163.77
-266.66
-232.22

-233.81
-162.26
-267.26
-233.20

-234.17
-157.49
-264.29
-238.97

-236.81
-158.94
-258.42

2 Hos.15

0.00
1.40

-13.84
6.80
-239.33

-9.36
8.22
-241.95

-8.56
11.81
-238.95

-10.25
13.88
-239.03

-9.95
12.27
-243.56

-9.12
15.49
-239.49

-239.33
-165.49
-268.15
-231.59

-241.95
-168.03
-266.35
-230.41

-238.95
-166.54
-267.13
-231.59

-239.33
-161.97
-262.91
-238.72

-241.95
-163.30
-256.02

& (g.15

0.00
2.43

22.00
57.01
-183.57

20.79
57.28
-186.07

22.12
62.10
-183.32

23.40
64.19
-182.28

20.00
61.70
-187.01

22.26
66.12
-182.71

-183.57
-110.94
-225.11
-231.76

-186.07
-113.79
-224.06
-231.49

-183.32
-112.28
-224.58
-231.76

-183.57
-107.47
-225.17
-241.42

-186.07
-109.52
-222.93
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HCHOO HPrCHO Con 1

POZ1.3
TS01.3

Crol.3
HCHOO HPrCHO Con 2

POZ2.1
TSo02.1

Geo2.1
HCHOO HPrCHO Con 2

POZ2.2
TS02.2

Cr02.2
HCHOO HPrCHO Con 1

POZ2.3

TS02.3

Cro02.3
HCHOO HPrCHO Con 2

POz2.1
TSyl
Csyn 1
HCHO +SynIPRCHDO Con2

POZz2.2
TSy 2
Cyn 2
HCHO +SynIPRCHDO Conl
TSSOsyn
HCHO +SynIPRCHDO Con2

POZ2.3
TSyn 3
Cyyn 3
HCHO +SynIPRCHDO Conl

-236.77

-252.61
-166.88
-261.07
-238.76

-252.69
-163.47
-257.09
-236.77

-256.81
-166.41
-257.10
-238.76

-252.94
-165.00
-257.09
-238.76

-252.69
-160.09
-261.06
-241.25

-256.81
-170.93
-273.81
-241.25
-214.73
-241.25

-252.94
-159.58
-258.81
-232.50

-236.98

-233.81
-157.28
-257.99
-238.97

-233.69
-153.96
-254.73
-236.99

-238.24
-157.12
-254.42
-238.97

-234.11
-155.49
-254.73
-238.97

-233.69
-150.47
-259.90
-243.13

-238.24
-161.07
-269.33
-243.13
-216.68
-243.13

-234.11
-149.55
-254.77
-233.76

-236.72

-238.95
-161.66
-255.31
-238.72

-239.03
-158.36
-251.26
-236.57

-243.56
-161.46
-251.05
-238.72

-239.49
-159.79
-251.26
-238.72

-239.03
-155.15
-256.04
-241.95

-243.56
-165.66
-267.78
-241.95
-217.74
-241.95

-239.49
-154.14
-252.52
-232.48

-239.42

-183.32
-107.45
-224.78
-241.42

-182.28
-103.84
-229.83
-240.13

-187.01
-107.28
-226.90
-241.42

-182.71
-105.66
-229.83
-241.42

-182.28
-100.06
-229.02
-240.82

-187.01
-110.04
-228.79
-240.82
-211.43
-240.82

-182.71
-08.74

-216.06

-231.33
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Table 22: Relative Energies of Oz + Alkene 4 DFLCCSD(T)F12a energies (kJ molY).

Stationary Point
PRC1
TSOzol
POZ1

PRC2
TSOzo02
POZz2

POz1
TS 1
CanTi
HCHO + AntiRCHOO

POz1
TSo1
Cro1

RCHO + HCHOO

POZz2
TSo02
Cro2

POZz2
TSyn
Csyn
HCHO + Sy\RCHOO

xE
-15.54
4.65
-253.90

-17.88
11.41
-254.59

-253.90
-173.06
-276.02
-231.15

-253.90
-168.56
-269.51
-240.54

-254.59
-163.64
-258.84

-254.59
-160.76
-258.57
-233.27

O3 + Alkene 4
®ZPE
-12.97
10.25
-235.92

-15.34
17.26
-236.49

-235.92
-164.1

-269.74

-234.43

-235.92
-159.7

-265.56

-241.35

-236.49
-154.9
-257.02

-236.49
-151.5

-255.77

-235.59

2 Hos.15
-10.45
7.70
-240.68

-12.78
14.55
-241.47

-240.68
-167.98
-269.06
-232.32

-240.68
-163.84
-263.43
-240.65

-241.47
-158.95
-253.14

-241.47
-155.88
-253.11
-234.04

& (8.15
19.48
57.57

-185.31

16.62
64.78
-185.03

-185.31
-113.91
-227.35
-233.83

-185.31
-109.85
-228.42
-244.73

-185.03
-104.95
-231.57

-185.03
-100.30
-217.46
-233.33
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Table 23: Relative Energies of Oz + Alkene 5 DFLCCSD(T)F12a energies (kJ molY).

Stationary Point
MVK con 2 +Q
TSmvk
MVKconl1l+Q

PRC1.1
TSisol.1
PRC1.2

PRC2.1
TSiso2.1
PRC2.2

PRC2.1
TSis02.2
PRC2.2

PRC1.1
TSOzol.1
POZ1.1

PRC1.2
TSOzo01.2
POZz1.2

PRC2.1
TSO0zo02.1
POZ2.1

PRC2.2
TS0z02.2
P0OZ2.2

POZz1.1
TSpozl.1
POZz2.1

POZ1.2
TSpozl.2
POZ2.2

POZ1.2
TSpozl.3
POZ2.2

POZ1.1
TSpoz2.1
POZ1.2

POZz1.1
TSpoz2.2
POZz1.2

POZz2.1
TSpoz2.3
POZz2.2

POZz2.1
TSpoz2.4
POZz2.2

POZ1.1

xE
0.00

22.60
2.30

-15.65
8.19
-14.31

-15.65
6.90
-18.75

-15.65
9.27
-18.75

-15.65
9.92
-219.69

-14.31
11.72
-236.61

-10.64
2.29
-224.38

-18.75
12.70
-239.44

-219.69
-207.86
-224.38

-236.61
-219.32
-239.44

-236.61
-228.72
-239.44

-219.69
-211.57
-236.61

-236.61
-217.82
-239.44

-224.38
-212.31
-239.44

-224.38
-220.97
-239.44

-219.69

O3 + Alkene 5

®&eZPE
0.00

20.01
1.68

-13.35
8.12
-12.10

-13.35
6.49
-16.01

-13.35
9.13
-16.01

-13.3
15.2
-203.50

-12.10
17.4
-220.08

-9.0
7.8
-208.15

-16.01
18.3
-222.76

-203.50
-193.10
-208.15

-220.08
-204.50
-222.76

-220.08
-213.61
-222.76

-203.50
-195.09
-220.08

-220.08
-201.56
-222.76

-208.15
-195.68
-222.76

-208.15
-204.79
-222.76

-203.50

2 Hos.15
0.00
18.56
1.86

-10.69
9.06
-9.77

-10.69
8.00
-14.02

-10.69
10.25
-14.02

-10.69
12.46
-208.01

-9.77
14.46
-224.82

-5.61
5.01
-212.79

-14.02
15.40
-227.65

-208.01
-199.35
-212.79

-224.82
-210.52
-227.65

-224.82
-220.02
-227.65

-208.01
-202.32
-224.82

-224.82
-208.48
-227.65

-212.79
-202.99
-227.65

-212.79
-211.71
-227.65

-208.01

& (8.15
0.00
21.79
1.21

17.58
443
21.70

17.58
39.3
19.65

17.58
43.1
19.65

17.58
62.0
-155.52

21.70
64.6
-171.52

15.95
54.9
-159.25

19.65
65.7
-173.95

-155.52
-141.89
-159.25

-171.52
-153.80
-173.95

-171.52
-161.87
-173.95

-155.52
-141.91
-171.52

-171.52
-148.75
-173.95

-159.25
-142.43
-173.95

-159.25
-151.75
-173.95

-155.52
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TS 1 -140.62 -133.30 -137.01 -85.09

Canti 1 -212.65 -212.56 -208.71 -186.29
HCHO + AntiRCHOO Con 2 -191.21 -193.72 -192.92 -198.03
POZz1.2 -236.61 -220.08 -224.82 -171.52
TSanii 2 -166.69 -158.76 -162.64 -110.07
Canti 2 -249.38 -245.29 -244.10 -204.37
HCHO +Anti-RCHOO Conl -213.05 -214.56 -213.99 -217.76
TSsoanT! -188.11 -191.60 -192.68 -192.50
HCHO + AntiRCHOO Con 2 -191.21 -193.72 -192.92 -198.03
POZz1.1 -224.38 -208.15 -212.79 -159.25
TSo01l.1 -146.22 -139.00 -142.76 -90.52
Col.l -240.21 -234.56 -234.44 -190.30
HCHOO + RCHO con 1 -191.21 -193.72 -192.92 -198.03
POz1.2 -239.44 -222.76 -227.65 -173.95
TSo01l.2 -163.33 -155.48 -159.33 -106.35
Col.2 -249.11 -244.23 -243.61 -201.60
HCHOO + RCHO con 2 -213.05 -214.56 -213.99 -217.76
TSsoaLbe
HCHOO + RCHO con 1 -224.38 -208.15 -212.79 -159.25
-124.64 -118.23 -121.66 -70.22
POz2.1 -195.65 -197.07 -192.13 -173.74
TSo02.1 -178.76 -182.80 -181.07 -182.49
Cro02.1 -219.69 -203.50 -208.01 -155.52
HCHOO + RCHO con 1 -140.62 -133.30 -137.01 -85.09
-212.65 -212.56 -208.71 -186.29
POZz2.2 -191.21 -193.72 -192.92 -198.03
TS02.2
Cro02.2 -236.61 -220.08 -224.82 -171.52
HCHOO + RCHO con 2 -166.69 -158.76 -162.64 -110.07
-249.38 -245.29 -244.10 -204.37
POZz2.1 -213.05 -214.56 -213.99 -217.76
TSyl -188.11 -191.60 -192.68 -192.50
Cynl -191.21 -193.72 -192.92 -198.03
HCHO + SyrRCHOO Con2 -178.76 -182.80 -181.07 -182.49
TSsosyn -175.10 -180.25 -180.63 -176.25
HCHO +SynRCHOO Con1l -202.98 -205.92 -204.89 -204.20
POZz2.2 -239.44 -222.76 -227.65 -173.95
TSyn 2 -144.94 -137.01 -141.24 -88.00
Csyn 2 -225.90 -225.69 -222.20 -191.88

Table 24: Relative Energies of Oz + Alkene 6 DRLCCSD(T)F12a energies (kJ molY).

O3 + Alkene 6
Stationary Point xE ®ZPE & Hog 15 & Gos.15
PRC1 -12.20 -9.73 -7.64 26.04
TSOzol -5.62 -1.64 -3.39 44.63
POZ1 -271.15 -253.73 -259.68 -200.52
PRC2 -25.31 -22.41 -20.55 14.56
TSOzo2 -2.30 2.37 0.03 50.09
POZz2 -267.79 -250.36 -256.36 -197.69
POZ1 -271.15 -253.73 -259.68 -200.52
TSpozl -259.61 -244.01 -251.25 -188.39
POZz2 -267.79 -250.36 -256.36 -197.69
POZz1 -271.15 -253.73 -259.68 -200.52
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TS 1
CanTi
(CHb)2CO+ Anti-CHCHOO

POZ1
TSmrol

Comrol
RCHO +CHy),CQ0

POZz2
TSmFo2
Comro2

POZz2

TSSyn

Csyn
(CH)2CO+ SynCHCHOO

Table 25: Relative Energies of Oz + Alkene 7 DRLCCSD(T)F12a energies (kJ mol?).

Stationary Point
EtCHC(CH)2 con 1 + O3
EtCHC(CH)2 con 2 + O3

PRC1.1
TSOzol.1
POZ1.1

PRC1.2
TSOzo01.2
POZ1.2

PRC1.3
TSOz01.3
POZ1.3

PRC2.1
TSO0zo02.1
POZ2.1

PRC2.2
TS0z02.2
POz2.2

PRC2.3
TS0z02.3
POZz2.3

POZz1.1
TS 1
Canti 1
(CH;)2.CO +Anti-EtCHOO Con 2

POZ1.2
TSni 2
Canti 2
(CHs)2CO +Anti-EtCHOO Con 1

POZ1.3
TSXnti 3
Canti 3
(CH;)2.CO +Anti-EtCHOO Con 2

-189.30
-312.63
-280.30

-271.15
-200.47
-330.72
-296.05

-267.79
-191.68
-326.83

-267.79
-184.69
-321.21
-295.15

&eE
0.00
17.71

-11.84
-5.44
-267.79

-12.85
7.99
-258.99

-12.85
-5.83
-270.62

-23.51
-0.22
-264.31

-23.51
9.47
-256.15

-23.51
-4.55
-267.99

-267.79
-180.40
-318.68
-278.90

-258.99
-184.94
-310.49
-280.72

-270.62
-189.88
-310.49
-278.90

-180.14
-309.87
-281.66

-253.73
-191.43
-328.31
-297.38

-250.36
-182.27
-324.95

-250.36
-174.95
-318.67
-295.68

O3 + Alkene 2
®eZPE

0.00
18.76

-9.42
-0.84
-250.50

-10.77
13.00
-241.99

-10.77
-2.22
-253.79

-20.69
4.98
-247.30

-20.69
15.24
-238.92

-20.69
-0.44
-251.27

-250.50
-171.36
-315.65
-279.79

-241.99
-175.31
-307.59
-281.87

-253.79
-180.85
-307.59
-279.79

-184.97
-307.32
-280.77

-259.68
-196.54
-326.11
-297.35

-256.36
-187.33
-322.60

-256.36
-180.19
-315.95
-295.47

2 Hos.15

0.00
18.41

-7.20
-2.76
-256.25

-8.46
10.85
-247.44

-8.46
-4.03
-259.37

-18.74
2.61
-252.93

-18.74
12.49
-244.52

-18.74
-2.69
-256.87

-256.25
-175.98
-312.93
-278.94

-247.44
-180.18
-304.76
-281.18

-259.37
-185.40
-304.76
-278.94

-127.65
-275.16
-288.59

-200.52
-138.13
-290.79
-299.45

-197.69
-129.23
-288.00

-197.69
-121.51
-285.91
-302.28

& (g.15

0.00
19.36

26.17
46.58
-195.91

25.04
61.52
-188.94

25.04
45.81
-199.78

16.16
53.58
-192.89

16.16
65.35
-185.54

16.16
48.56
-197.65

-195.91
-117.98
-278.89
-287.21

-188.94
-121.25
-273.51
-288.53

-199.78
-127.80
-273.51
-287.21
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POz1.1
TSwrol.1

Comrol.1
(CH)2COO + EtCHO Con 2

POz1.2
TSwvro0l.2

Comrol.2
(CH)2CO0 + EtCHO Con 1

POZ1.3

TSmrol.3

Comrol.3
(CH)2COO + EtCHO Con 2

POz2.1

TSwvro02.1

Comro2.1
(CH;),COO + EtCHO Con 2

POz2.2
TSvr02.2

Comro2.2
(CH)2COO + EtCHO Con 1

POZz2.3

TSMFo2.3

Comro2.3
(CHy),COO + EtCHO Con 2

POZ2.1
TSSyn 1
Coyn 1

(CHs),CO +SynEtCHOO Con2

P0OZz2.2
TSyn2
GCsyn 2
(CHs)2CO +SynEtCHOO Conl

P0OZz2.3
TSyn3
GCsyn 3
(CHs)2CO +SynEtCHOO Conl

-267.79
-194.63
-328.47
-294.20

-258.99
-198.57
-332.78
-298.14

-270.62
-201.33
-325.45
-294.20

-264.31
-183.16
-330.14
-294.20

-256.15
-184.96
-333.69
-298.14

-267.99
-192.15
-328.78
-294.20

-264.31
-181.53
-321.93
-292.99

-256.15
-168.80
-314.85
-290.66

-267.99
-183.86
-317.73
-290.66

-250.50
-186.08
-325.89
-295.00

-241.99
-189.49
-330.40
-299.11

-253.79
-192.45
-323.44
-295.00

-247.30
-174.26
-327.84
-295.00

-238.92
-175.65
-331.27
-299.11

-251.27
-183.30
-326.20
-295.00

-247.30
-172.18
-319.83
-294.13

-238.92
-159.11
-311.53
-290.09

-251.27
-174.15
-314.05
-290.09

-256.25
-190.86
-323.49
-295.10

-247.44
-194.50
-328.20
-299.43

-259.37
-197.33
-320.75
-295.10

-252.93
-178.99
-325.63
-295.10

-244.52
-180.49
-329.09
-299.43

-256.87
-187.99
-323.86
-295.10

-252.93
-177.20
-317.03
-293.74

-244.52
-164.27
-308.56
-289.93

-256.87
-179.12
-311.41
-289.93

-195.91
-132.13
-289.44
-297.96

-188.94
-135.08
-292.52
-301.15

-199.78
-138.42
-287.65
-297.96

-192.89
-120.45
-289.76
-297.96

-185.54
-121.51
-293.44
-301.15

-197.65
-129.55
-289.29
-297.96

-192.89
-117.61
-286.05
-300.79

-185.54
-103.99
-279.01
-296.31

-197.65
-119.90
-279.77
-296.31
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Table 26: Relative Energies of Oz + Alkene 8 DFLCCSD(T)F12a energies (kJ molL).

Stationary Point
iPrCHC(CH)2 con 1 + Os
TSsoipr
iPrCHC(CH)2 con 3 + Os
iPrCHC(CH)2 con 2 + Os

PRC1.1

TSso
PRC1.3

PRC1.1
TSOzol.1
POZz1.1

PRC1.2
TSOzo01.2
POZ1.2

PRC1.3
TSOzo01.3
POZ1.3

PRC2.1
TSO0zo02.1
POZz2.1

PRC2.2
TS0z02.2
POz2.2

PRC2.3
TS0z02.3
POZz2.3

POZ1.1
TS 1
Canti 1

(CHg)2CO +Anti-iPrCHOO Con 2

POZ1.2
TSni 2
Canti 2

(CH)2CO +Anti-IPrCHOO Con 1

POZ1.3
TSni 3
Canti 3

(CH)2CO +Anti-IPrCHOO Con 2

POZz1.1
TSwmrol.1

Comrol.1
(CH;)2COO + IPrCHO Con 2

POZz1.2

TSmrol.2

Comrol.2
(CH)2COO + IPFCHO Con 1

POZ1.3
TSmrol.3
Cowmrol.3

aeE
0.00
21.71
18.00
13.39

-13.44
7.06
4.50

-13.44
-1.44
-267.16

-13.44
5.96
-258.98

4.50
11.66
-258.98

-19.47
-0.68
-258.98

-19.47
8.12
-256.16

-8.13
14.77
-252.45

-267.16
-179.85
-319.05
-277.90

-258.98
-184.69
-311.14
-278.95

-258.98
-170.55
-321.13
-278.95

-267.16
-193.44
-330.15
-296.11

-258.98
-199.95
-330.15
-294.11

-258.98
-187.62
-316.09

O3 + Alkene 3

®&eZPE
0.00
20.69
19.45
14.17

-10.81
10.05
8.45

-10.81
3.18
-249.83

-10.81
10.86
-241.86

8.45
17.02
-241.01

-16.91
4.76
-242.09

-16.91
13.79
-239.10

-4.61
20.66
-234.55

-249.83
-170.34
-315.64
-278.44

-241.86
-174.86
-307.96
-279.42

-241.01
-160.37
-317.73
-279.42

-249.83
-184.77
-327.21
-296.36

-241.86
-190.65
-327.21
-294.36

-241.01
-178.02
-312.93

2 Hos.15
0.00
18.30
19.00
14.01

-8.67
9.85
10.18

-8.67
1.06
-255.59

-8.67
8.65
-247.38

10.18
15.10
-246.79

-14.56
2.05
-247.64

-14.56
10.99
-244.60

-2.51
18.40
-240.32

-255.59
-175.01
-312.83
-277.61

-247.38
-179.70
-305.17
-278.80

-246.79
-165.34
-315.16
-278.80

-255.59
-189.54
-324.92
-296.79

-247.38
-195.62
-324.92
-294.79

-246.79
-183.19
-310.61

& (8.15
0.00
25.03
19.82
15.65

26.09
50.1
45.39

26.09
52.32
-194.08

26.09
60.07
-187.83

45.39
64.70
-185.70

18.09
55.13
-186.87

18.09
64.45
-186.41

33.10
69.21
-179.01

-194.08
-116.25
-279.01
-286.25

-187.83
-120.49
-273.80
-286.52

-185.70
-105.39
-280.47
-286.52

-194.08
-130.69
-290.14
-299.09

-187.83
-135.72
-290.14
-297.09

-185.70
-122.26
-278.63
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(CHs)2COO + IPrCHO Con 2 -296.11 -296.36 -296.79 -299.09

POZ2.1 -258.98 -242.09 -247.64 -186.87

TSmro2.1 -183.76 -174.87 -179.61 -120.29

Comro2. 1 -328.56 -325.74 -323.35 -289.16
(CHg)2COO + IPrCHO Con 2 -296.11 -296.36 -296.79 -299.09
POZ2.2 -256.16 -239.10 -244.60 -186.41

TSMFo2.2 -184.91 -175.72 -180.36 -121.40

Comro2. 2 -321.01 -319.33 -316.29 -288.10
(CHg)2COO + IPrCHO Con 1 -294.11 -294.38 -294.64 -297.81
POZz2.3 -252.45 -234.55 -240.32 -179.01

TSMFo2.3 -170.14 -160.60 -165.51 -105.56

Comro2.3 -325.14 -322.87 -319.93 -290.30
(CHs)2COO +IPrCHO Con 2 -296.11 -296.36 -296.79 -299.09
POZ2.1 -258.98 -242.09 -247.64 -186.87

TSyl -173.99 -163.87 -169.05 -108.17

Cynl -318.31 -315.03 -312.23 -281.56

(CHs)2CO +SynIPRCHOO Con2 -289.63 -289.34 -289.15 -295.58
POz2.2 -256.16 -239.10 -244.60 -186.41

TSyn 2 -168.61 -158.48 -163.65 -102.69

GCsyn 2 -305.52 -301.70 -298.70 -268.15

(CH)2CO +SynIPRCHOO Conl -289.63 -289.34 -289.15 -295.58
POZz2.3 -258.98 -241.01 -246.79 -185.70

TSyn3 -159.57 -150.24 -154.97 -95.77

Ceyn 3 -312.92 -310.07 -306.91 -278.46

(CH)2CO +SynIPRCHOO Conl -280.88 -279.97 -279.69 -286.09

Table 27: Relative Energies of Oz + Alkene 9 DRLCCSD(T)F12a energies (kJ molY).

O3 + Alkene 10

Stationary Point xE ®ZPE & Hog 15 & Gos.15
PRC1 -23.80 -21.19 -18.93 14.70
TSOzol -0.72 3.73 1.94 52.00
POZ1 -265.48 -248.24 -253.74 -193.92
PRC2 -23.22 -20.41 -18.23 16.77
TSOzo02 1.08 6.34 4.01 55.51
POZz2 -265.57 -248.45 -253.93 -193.99
POZ1 -265.48 -248.24 -253.74 -193.92
TSt 1 -184.71 -175.09 -179.75 -121.45
CanTl -334.98 -332.20 -329.08 -297.29
(CH)2CO +Anti-tBuCHOO -293.11 -294.15 -293.11 -303.48
POZ1 -265.48 -248.24 -253.74 -193.92
TSwvrol -200.90 -191.88 -196.89 -137.50
Comro 1 -339.76 -338.02 -334.65 -307.46
tBUCHO + (CH).COO -311.47 -312.25 -312.31 -317.30
POZ2 -265.57 -248.45 -253.93 -193.99
TSmFo2 -183.05 -174.16 -178.82 -120.51
Comeo2 -339.76 -338.02 -334.65 -307.46
POZ2 -265.57 -248.45 -253.93 -193.99
TSsyn -169.22 -159.80 -164.50 -105.60
Csyn -320.02 -317.27 -313.99 -285.40
(CHs)2CO+ SyntBuCHOO -295.23 -295.32 -294.84 -302.99
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Table 28: Relative Energies of Oz + Alkene 10 DFLCCSD(TF12a energies (kJ mol?).

Stationary Point
Mes Oxy Con 2 + @
TSuesoxy
Mes Oxy Con 1+ @

PRC1.1

TSrd.1
PRC1.2

PRC1.1
TSOzol.1
POZz1.1

PRC1.2
TSOzo01.2
POZz1.2

PRC2.1
TSOzo2.1
POz2.1

PRC2.2
TS0z02.2
POz2.2

POz1.1
TS 1
Canti 1
(CHg)2CO+ Anti-RCHOO Con 1

POZ1.2
T&mti 2
Canti 2
(CHs)2CO+ Anti-RCHOO Con 2

POZ1.1
TSol.1

Col.l
HCHOO + RCHO con 1

POZ1.2
TSo01.2
Gol.2

HCHOO + RCHO con 2

POZz2.1
TSo02.1
Cro2.1

POZ2.2
TS02.2
Gro2.2

POz2.1
TSynl
Gynl
(CH)2CO+ SynRCHOO Con2

P0OZz2.2
TSyn2
Gsyn 2
(CH)2CO+ SynRCHOO Conl

xE
0.00

16.30
9.26

-14.80
-3.67
-8.30

-14.80
7.69
-238.08

-8.30
16.42
-252.19

-23.18
4.90
-237.89

-7.06
14.67
-252.78

-238.08
-150.50
-274.60
-256.49

-252.19
-166.05
-284.11
-241.83

-238.08
-171.70
-299.10
-245.05

-252.19
-198.49
-309.06
-266.88

-237.89
-171.05
-300.77

-252.78
-190.41
-307.42

-237.89
-129.70
-256.92
-223.63

-252.78
-157.90
-274.99
-247.85

O3 + Alkene 5
®ZPE
0.00
14.95
11.12

-12.92
-2.37
-4.50

-12.92
12.77
-222.39

-4.50
22.20
-236.22

-20.60
10.38
-222.33

-3.08
21.02
-236.77

-222.39
-142.57
-271.57
-256.79

-236.22
-157.48
-281.23
-242.72

-222.39
-163.75
-295.41
-246.58

-236.22
-189.68
-305.44
-267.41

-222.33
-162.99
-296.69

-236.77
-181.46
-303.64

-222.33
-122.32
-254.45
-224.49

-236.77
-148.92
-271.85
-247.60

2 Hos.15
0.00
12.56
10.32

-10.23
-2.52
-2.52

-10.23
9.90
-228.17

-2.52
19.24
-242.17

-18.24
7.41
-228.10

-0.71
17.79
-242.72

-228.17
-147.17
-269.49
-256.80

-242.17
-162.46
-278.92
-242.55

-228.17
-168.53
-294.57
-247.08

-242.17
-194.87
-304.47
-268.15

-228.10
-167.89
-296.29

-242.72
-186.74
-302.64

-228.10
-126.91
-252.06
-224.37

-242.72
-154.39
-269.85
-248.19

& (g.15
0.00
24.50
16.32

22.85
44.19
34.74

22.85
67.34
-163.01

34.74
76.83
-176.60

18.76
65.33
-162.51

30.52
76.57
-177.13

-163.01
-84.56
-230.17
-257.97

-176.60
-98.13

-240.87

-244.16

-163.01
-104.90
-247.29
-245.14

-176.60
-129.68
-257.88
-264.87

-162.51
-103.43
-246.51

-177.13
-120.96
-256.27

-162.51
-64.62
-214.15
-226.68

-177.13
-88.25
-231.48
-248.40
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Table 29: Relative Energies of Oz + Alkene 11 DFLCCSD(TF12a energies (kJ mol?).

O3z + Alkene 11

Stationary Point xE ®ZPE e Hog 15 & Gos.15
PRC1 -19.53 -18.53 -14.43 -3.57
TSOzol 26.25 31.29 28.58 80.53
POZ1 -263.99 -248.04 -252.89 -195.46
PRC2 -19.53 -18.53 -14.43 -3.57
TS0z02 22.50 27.49 24.78 76.83
POZ2 -256.62 -241.08 -245.67 -189.02
POZ1 -263.99 -248.04 -252.89 -195.46
TSpozl -224.01 -210.05 -215.68 -157.22
POZ2 -256.62 -241.08 -245.67 -189.02
POZ1 -263.99 -248.04 -252.89 -195.46
TSpoz2 -240.38 -225.97 -231.85 -172.67
POZ2 -256.62 -241.08 -245.67 -189.02
POZ1 -263.99 -248.04 -252.89 -195.46
TS 1 -126.84 -120.93 -124.11 -70.70
CanTi -210.73 -209.97 -206.04 -174.53
HCHO +anti -CRCFOO -178.03 -181.17 -179.23 -180.35
POZ1 -263.99 -248.04 -252.89 -195.46
TSol -196.69 -188.06 -192.16 -136.32
Cro1 -304.64 -297.76 -297.17 -253.94
HCH@D + CRCFO -269.01 -267.38 -267.17 -270.58
POZz2 -256.62 -241.08 -245.67 -189.02
TSo02 -195.69 -187.10 -191.14 -135.30
Cro2 -306.34 -299.06 -298.85 -254.31
POZ2 -256.62 -241.08 -245.67 -189.02
TSsyn -118.03 -112.80 -115.94 -62.60
Csyn -173.67 -175.83 -170.45 -149.89
HCHO +SynCRCFOO -164.32 -168.17 -166.29 -166.18

Table 30: Relative Energies of Os + Alkene 12 DRLCCSD(T-F12a energies (kJ mol?).

O3 + Alkene 12

Stationary Point ®eE ®ZPE & Hos 15 & Gos.15
CRCRCHCHcon 1 + G; 0.00 0.00 0.00 0.00
CRCRCHCH con 2 + O3 7.39 7.28 7.31 7.67

PRC1.1 -6.68 -5.40 -1.55 16.59
TSOzol.1 20.77 26.53 23.53 75.59
POZ1.1 -226.86 -209.25 -214.02 -158.17
PRC1.2 0.61 1.85 5.68 25.05
TSOzo01.2 30.58 36.43 33.33 85.67
POZ1.2 -224.92 -207.60 -212.41 -156.91
PRC1.3 -6.68 -5.40 -1.55 16.59
TSOzo0l1.3 26.89 32.44 29.60 80.17
POZ1.3 -230.33 -212.87 -217.59 -161.83
PRC2.1 -10.66 -9.02 -5.60 17.00
TS0z02.1 21.54 27.30 24.30 76.34
POz2.1 -230.37 -212.67 -217.54 -161.02
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PRC2.2 -2.89

TSO0z02.2 34.22
POZz2.2 -227.75
PRC2.3 -11.78
TS0Oz02.3 28.77
POZz2.3 -233.19
POZ1.1 -226.86
TSni 1 -120.54
Canii 1 -205.32
HCHO +Anti-CRCRCHOO Con 2 -171.96
POZz1.2 -224.92
TSni 2 -119.33
Canti 2 -194.90
HCHO +Anti-CRCR,CHOO Con 1 -171.96
POZz1.3 -230.33
TSni 3 -126.06
Canti 3 -205.18
HCHO +Anti-CRCRCHOO Con 2 -174.99
POZ1.1 -226.86
TSol.l -138.19
Crol.1 -215.03
HCHOO + C¥£RCHO Con 2 -195.30
POZz1.2 -224.92
TSo01l.2 -140.15
Crol.2 -214.89
HCHOO + EtCHOO Con 1 -195.30
POZz1.3 -230.33
TS01.3 -149.29
Cr0l1.3 -214.28
HCHOO + C]RCHO Con 2 -195.78
POZz2.1 -230.37
TSo02.1 -138.80
Cr02.1 -211.17
HCHOO + C¥RCHO Con 2 -195.30
POZz2.2 -227.75
TS02.2 -140.94
Cr02.2 -216.06
HCHOO + C{£RCHO Con 1 -195.30
POZ2.3 -233.19
TS02.3 -148.71
Cr02.3 -219.72
HCHOO + C)£RCHO Con 2 -195.78
POZz2.1 -230.37
TSyl -109.89
CGynl -190.39
HCHO +SynCRCRCHOO Con2 -166.87
POZz2.2 -227.75
TSy 2 -100.18
Csyn 2 -184.71
HCHO +SynCRCRCHOO Conl -165.85
POZ2.3 -233.19

-1.37
40.22
-210.09

-10.11
34.26
-215.65

-209.25
-113.37
-202.11
-176.50

-207.60
-112.12
-194.60
-176.50

-212.87
-118.99
-201.93
-179.32

-209.25
-129.89
-214.07
-196.45

-207.60
-132.01
-213.82
-196.45

-212.87
-141.02
-213.46
-196.79

-212.67
-130.45
-209.42
-196.45

-210.09
-132.63
-214.45
-196.45

-215.65
-140.27
-217.85
-196.79

-212.67
-102.78
-189.36
-170.25

-210.09
-93.61

-185.70

-169.57

-215.65

2.10
37.04
-215.11

-6.73
31.44
-220.43

-214.02
-116.88
-200.70
-174.47

-212.41
-115.66
-191.29
-174.47

-217.59
-122.38
-200.50
-177.35

-214.02
-133.74
-210.05
-195.88

-212.41
-135.98
-209.87
-195.88

-217.59
-144.87
-209.41
-196.25

-217.54
-134.38
-206.10
-195.88

-215.11
-136.65
-211.33
-195.88

-220.43
-144.16
-214.89
-196.25

-217.54
-106.53
-186.43
-168.75

-215.11
-97.26

-181.17

-168.03

-220.43

2491
89.77
-157.78

17.62
82.30
-164.45

-158.17
-63.63

-160.59

-175.39

-156.91
-62.00
-157.90
-175.39

-161.83
-69.54

-161.01

-178.73

-158.17
-79.93

-190.12

-199.17

-156.91
-81.89

-188.75

-199.17

-161.83
-90.70

-189.91

-200.27

-161.02
-79.94

-180.91

-199.17

-157.78
-81.34
-179.76
-199.17

-164.45
-89.72

-183.42

-200.27

-161.02
-51.82

-150.41

-167.97

-157.78
-42.60

-160.08

-168.40

-164.45
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TSyn 3 -112.26 -105.54 -109.12 -54.81
Ceyn 3 -187.93 -188.49 -184.47 -155.40
HCHO +SynCRCRCHOO Conl -165.85 -169.57 -168.03 -168.40

Table 31: Relative Energies of Oz + Alkene 13 DFLCCSD(TF12a energies (kJ mol?).

O3 + Alkene 13

Stationary Point &eE ®&eZPE & Hos 15 & Gog.15
PRC1 -13.43 -12.02 -8.49 15.06
TSOzol 20.86 26.17 23.07 75.97

POZ1 -240.10 -223.91 -228.77 -172.10

PRC2 -13.46 -12.00 -8.54 16.44
TSOz02 23.52 28.60 25.58 78.39

POZz2 -233.71 -217.82 -222.55 -166.38

POZ1 -240.10 -223.91 -228.77 -172.10

TSpozl -225.51 -211.11 -217.19 -157.62

POz2 -233.71 -217.82 -222.55 -166.38

POZz1 -240.10 -223.91 -228.77 -172.10

TSpoz2 -207.29 -192.88 -198.81 -139.72

POz2 -233.71 -217.82 -222.55 -166.38

POZz1 -240.10 -223.91 -228.77 -172.10

TS 1 -155.35 -148.12 -152.03 -97.72

Canti 1 -257.15 -253.27 -251.49 -216.77

CICHO +Anti-CRCHOO -229.39 -229.48 -229.39 -233.22

POZ1 -240.10 -223.91 -228.77 -172.10

TSyl -143.58 -136.39 -140.38 -85.43

Csynl -243.20 -238.42 -237.49 -197.24

CRCHO +syn-CICHOO -210.34 -209.63 -210.26 -213.55

POZz2 -233.71 -217.82 -222.55 -166.38

TS 1 -144.41 -137.35 -141.37 -86.45

Canmi 1 -226.39 -223.95 -221.46 -189.16

CRCHO +Anti-CICHOO -198.03 -199.02 -198.93 -202.71

POZz2 -233.71 -217.82 -222.55 -166.38

TSyn 2 -148.03 -141.04 -144.88 -90.29

Csyn2 -248.31 -245.43 -242.72 -213.71

CICHO +syn-CRCHOO -226.84 -226.10 -226.55 -228.09



Table 32: Relative Energies of Oz + Alkene 14 DFLCCSD(TF12a energies (kJ mol?).

Stationary Point
PRC1
TSOzol
POZ1

PRC2
TSOzo02
POZz2

POZ1
TSpoz2
POz2

POZ1
TS\nti 1
Canmi 1
FCHO +Anti-CRCHOO

POz1

TSynl

Csynl
CRCHO +syn-FCHOO

POZz2

TS 1

Canmi 1
CRCHO +Anti-FCHOO

POZz2
T&yn 2
Csyn2
FCHO +syn-CRCHOO

Table 33: Relative Energies of O; + Alkene 15 DRLCCSD(TF12a energies (kJ mol?).

Stationary Point
E-EtCHCHCEIcon 1 + O3
E-EtCHCHCEIcon 2 + O3

PRC1.1
TSOzol.1
POZ1.1

PRC1.2
TSOzo01.2
POZ1.2

PRC1.3
TSOzo0l1.3
POZz1.3

PRC2.1
TSOzo02.1
POz2.1

PRC2.2

O3z + Alkene 1 4

xE

-10.3

25.4
-261.9

-12.2
24.4
-250.4

-261.9
-246.7
-250.4

-261.9
-181.2
-295.0
-266.8

-261.9
-151.2
-237.4
-211.9

-250.4
-150.9
-238.5
-206.6

-250.4
-173.7
-286.6
-264.2

2k
0.00
1.20

-14.16
-3.01
-264.53

-21.81
-0.07
-262.12

-13.70
3.40
-265.08

-13.71
2.15
-264.29

-12.23

®&eZPE

-9.03

30.68
-245.40

-10.65
29.62
-234.99

-245.40
-231.97
-234.99

-245.40
-173.54
-289.86
-266.43

-245.40
-144.07
-234.07
-211.35

-234.99
-143.86
-235.73
-207.63

-234.99
-166.33
-283.10
-263.04

O3 + Alkene 2
®ZPE
0.00
1.65

-10.58
2.09
-246.43

-18.70
5.35
-244.07

-9.70
7.70
-247.24

-10.04
7.56
-246.06

-9.06

2 Hos.15
-5.33
27.65

-250.48

-7.20
26.62
-239.50

-250.48
-238.24
-239.50

-250.48
-177.81
-288.41
-266.10

-250.48
-147.97
-231.81
-211.57

-239.50
-147.82
-233.23
-207.27

-239.50
-170.49
-280.36
-263.25

2 Hos.15
0.00
1.37

-9.24
-0.20
-251.97

-16.93
2.69
-249.49

-8.70
5.56
-252.67

-8.75
5.10
-251.63

-7.44

& (8.15
13.27
79.94

-193.42

16.43
78.71
-183.99

-193.42
-178.68
-183.99

-193.42
-122.87
-251.51
-269.64

-193.42
-93.51
-199.06
-215.26

-183.99
-93.28
-200.49
-211.34

-183.99
-115.58
-250.29
-264.51

& (g.15
0.00
2.40

28.19
47.81
-194.80

18.26
52.58
-192.84

30.32
53.82
-195.93

28.69
53.60
-194.26

28.56
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TS0z02.2
P0OZz2.2

PRC2.3
TS0z02.3
P0OZz2.3

POZ1.1
TS 1.1
Gani 1.1
CHCHOO +Anti -EtCHOO Con 2

POZz1.2
TSnii 1.2

Canti 1.2
CHCHOO +Anti-EtCHOO Con 1

POZ1.3
TSni 1.3

Canti 1.3
CHCHOO +Anti -EtCHOO Con 2

POZz1.1

TSyn2.1

GCsynl.1
syn-CHCHOO + EtCHO Con 2

POz1.2

TSyn2.2

GCsynl.1
syn-CHCHOO + EtCHO Con 1

POZ1.3
TSwn2.3

Csyn2.3
syn-CHCHOO + EtCHO Con 2

POZz2.1

TSni 2.1

Canti 21
Anti-CHCHOO + EtCHOO Con 2

POZz2.2

TSni 2.2

Canti 2.2
Anti-CHCHOO + EtCHOO Con 1

POZ2.3
TS 2.3
Cani 2.3
Anti -CHCHOO + EtCHOO Con 2

POZz2.1
TSwwl.l

Csynl.1
CHCHOO +syn-EtCHO Con 2

POZz2.2
TSynl.2

Csynl.2
CHCHOO +syn-EtCHO Con 1

POZz2.3
TSywwl.3
Csynl.3

1.95
-262.27

-14.98
1.05
-265.99

-264.53
-173.78
-295.78
-256.77

-262.12
-180.34
-298.32
-258.59

-265.08
-181.94
-286.48
-256.77

-264.29
-182.80
-297.33
-270.87

-262.27
-172.06
-290.57
-268.53

-262.27
-183.74
-300.51
-268.53

-264.29
-174.25
-288.01
-256.33

-262.27
-181.69
-288.43
-260.26

-262.27
-181.95
-293.82
-256.33

-264.53
-183.55
-297.35
-271.18

-262.12
-181.45
-298.66
-275.11

-265.08
-184.57
-300.36

7.68
-244.11

-10.99
5.48
-248.17

-246.43
-164.51
-291.16
-257.68

-244.07
-170.84
-293.64
-259.76

-247.24
-172.59
-284.05
-257.68

-246.06
-173.62
-294.89
-272.02

-244.11
-162.66
-287.53
-267.98

-244.11
-174.22
-296.49
-267.98

-246.06
-165.26
-285.05
-257.17

-244.11
-172.47
-286.18
-261.28

-244.11
-172.83
-289.22
-257.17

-246.43
-174.44
-294.56
-271.19

-244.07
-171.69
-296.45
-275.30

-247.24
-175.23
-297.11

481
-249.57

-9.95
3.18
-253.61

-251.97
-169.09
-289.70
-257.19

-249.49
-175.49
-292.54
-259.44

-252.67
-177.07
-280.86
-257.19

-251.63
-178.37
-292.58
-272.00

-249.57
-167.40
-284.47
-268.19

-249.57
-178.92
-294.34
-268.19

-251.63
-169.77
-282.64
-256.78

-249.57
-176.99
-283.60
-261.11

-249.57
-177.26
-287.71
-256.78

-251.97
-179.09
-291.99
-271.47

-249.49
-176.56
-293.90
-275.81

-252.67
-179.92
-294.89

556.25
-192.52

28.86
51.83
-196.75

-194.80
-113.92
-251.99
-261.09

-192.84
-120.06
-253.36
-262.41

-195.93
-122.47
-252.22
-261.09

-194.26
-122.27
-258.83
-274.67

-192.52
-111.46
-257.44
-270.19

-192.52
-122.98
-260.19
-270.19

-194.26
-114.76
-249.26
-260.98

-192.52
-121.89
-252.55
-264.17

-192.52
-122.54
-251.74
-260.98

-194.80
-123.53
-261.11
-274.67

-192.84
-120.22
-264.20
-277.86

-195.93
-124.15
-261.99
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CHCHOO +syn-EtCHO Con 2 -271.18 -271.19 -271.47 -274.67

Table 34: Relative Energies of Oz + Alkene 16 DFLCCSD(TF12a energies (kJ mol?).

O3 + Alkene 2
Stationary Point xE ®ZPE e Hog 15 & Gos.15
Z-EtCHCHCEIcon 1 + Os 0.00 0.00 0.00 0.00
Z-EtCHCHCElcon 2 + Os 15.00 15.85 15.59 16.46
PRC1.1 -11.83 -8.60 -6.70 26.26
TSOzo1.1 -1.34 3.71 1.62 49.57
POZz1.1 -260.48 -242.5 -247.92 -190.5
PRC1.2 -13.46 -11.32 -8.89 21.44
TSOzo01.2 11.88 16.94 14.97 62.29
POZz1.2 -257.04 -239.32 -244.63 -186.90
PRC1.3 -13.46 -11.32 -8.89 21.44
TS0z01.3 -3.22 0.57 -1.25 46.58
POZz1.3 -264.13 -246.36 -251.75 -194.58
PRC2.1 -16.09 -13.78 -11.35 19.34
TSO0zo02.1 6.52 11.87 9.54 58.31
POZz2.1 -258.23 -240.58 -246.08 -188.18
PRC2.2 -16.09 -13.78 -11.35 19.34
TS0z02.2 15.53 21.77 18.92 70.53
POZz2.2 -252.06 -234.07 -239.71 -181.18
PRC2.3 -16.58 -13.99 -11.48 16.53
TS0z02.3 1.23 5.55 3.26 52.70
POZz2.3 -262.42 -244.92 -250.46 -192.94
POZz1.1 -260.48 -242.46 -247.92 -190.47
TS 1.1 -186.65 -177.9 -182.50 -125.5
Canii 1.1 -289.58 -287.94 -285.23 -253.06
CHCHOO +Anti -EtCHOO Con 2 -261.45 -263.04 -262.51 -265.35
POZz1.2 -257.04 -239.32 -244.63 -186.90
TS 1.2 -181.46 -171.84 -176.74 -118.88
Canii 1.2 -295.09 -293.06 -290.84 -254.98
CHCHOO +Anti -EtCHOO Con 1 -263.26 -265.12 -264.75 -266.67
POZz1.3 -264.13 -246.36 -251.75 -194.58
TS 1.3 -187.87 -179.02 -183.54 -127.14
Canii 1.3 -292.36 -290.06 -287.68 -252.80
CHCHOO +Anti -EtCHOO Con 2 -261.45 -263.04 -262.51 -265.35
POZz2.1
TS 2.1 -260.48 -242.46 -247.92 -190.47
Canii 2.1 -182.06 -173.41 -178.00 -121.30
Anti -CHCHOO +EtCHOO Con 2 -298.86 -294.53 -293.24 -254.64
-261.00 -262.53 -262.09 -265.23
POZz2.2
TSt 2.2 -257.04 -239.32 -244.63 -186.90
Canii 2.2 -186.99 -177.86 -182.57 -125.68
Anti -CHCHOO + EtCHOO Con 1 -303.28 -299.46 -298.23 -258.47
-264.94 -266.64 -266.42 -268.42
POZz2.3
TS 2.3 -264.13 -246.36 -251.75 -194.58
Canti 2.3 -188.49 -179.58 -184.20 -127.56
Anti -CHCHOO + EtCHOO Con 2 -298.50 -294.58 -293.02 -256.00
-261.00 -262.53 -262.09 -265.23
POZz2.1
TSwl.l -258.23 -240.58 -246.08 -188.18
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Csynl.1
CHCHO +syn-EtCHOO Con 2

POZz2.2
TSwn1.2
Csynl.2
CHCHO +syn-EtCHOO Con 1

POz2.3
TSynl1.3

Csvn1.3
CHCHO +syn-EtCHOO Con 2

POZz2.1

TSwn2.1

Csynl.1
synCHCHOO + EtCHO Con 2

POZz2.2

TSyn2.2

Csynl.1
syn-CHCHOO + EtCHO Con 1

POZz2.3
TSwn2.3

Csyn2.3
syn-CHCHOO + EtCHO Con 2

-174.21
-296.40
-275.54

-252.06
-161.66
-295.24
-273.20

-262.42
-177.70
-292.52
-273.20

-258.23
-178.17
-306.12
-275.85

-252.06
-171.49
-308.42
-279.79

-262.42
-178.51
-305.23

-164.50
-294.82
-277.38

-234.07
-151.87
-292.89
-273.34

-244.92
-167.78
-289.91
-273.34

-240.58
-168.70
-303.78
-276.55

-234.07
-161.85
-305.95
-280.66

-244.92
-169.13
-302.50

-169.54
-292.33
-277.31

-239.71
-156.96
-289.78
-273.50

-250.46
-172.70
-287.06
-273.50

-246.08
-173.64
-301.69
-276.79

-239.71
-166.69
-303.95
-281.12

-250.46
-173.92
-300.39

-111.34
-259.12
-278.93

-181.18
-98.21
-261.70
-274.44

-192.94
-115.02
-258.15
-274.44

-188.18
-115.56
-266.10
-278.93

-181.18
-109.03
-268.37
-282.12

-192.94
-116.44
-265.57
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Table 35: Relative Energies of Oz + Alkene 17 DFLCCSD(TF12a energies (kJ mol?).

Stationary Point &eE
PRC1 -26.22

TSOzol 1.80
POZ1 -264.18
POZ1 -264.18
TS 1 -180.38
Canmi 1 -288.19
CHCHO +Anti-CHCHOO -258.06
POZ1 -264.18
TSyl -183.17
Csynl -298.71
CHCHO +syn-CHCHOO -272.91

Table 36: Relative Energies of Os

Stationary Point xeE
PRC1 -11.79
TSOzol -1.40
POZ1 -263.59
PRC1 -17.61
TSOzol 5.96
POZ1 -261.12
PRC2 -263.59
TSOzo2 -254.01
POZz2 -261.12
POZ1 -263.59
TS 1 -187.21
Canmi 1 -294.48
CH,CHO +Anti-CH,CHOO -262.58
POZ1 -261.12
TSyl -177.65
Gsynl -307.47
CHCHO +syn-CHCHOO -277.44

Table 37: Relative Energies of Os

Stationary Point &eE
PRC1 -19.59

TSOzol 7.09
POZz1 -258.76
POZz1 -258.76
TS 1 -181.66
Canmi 1 -296.33
CHCHO +Anti-CHCHOO -262.49
POZ1 -258.76
TSyl -167.63
Gsyn1 -279.14
CHCHO +syn-CHCHOO -253.52

O3 + Alkene 14
®ZPE
-22.45
6.81
-245.81

-245.81
-170.94
-285.95
-259.47

-245.81
-173.65
-296.17
-273.49

+ Alkene 18 DRLCCSD(TF12a energies (kJ mol?).

O3 + Alkene 14
®eZPE
-8.50
3.05
-245.13

-15.00
10.93
-242.86

-245.13
-237.46
-242.86

-245.13
-178.13
-292.19
-264.51

-242.86
-167.59
-304.77
-278.52

+ Alkene 20 DFLCCSD(TF12a energies (kJ mol?).

O3 + Alkene 14
®ZPE
-16.8
12.3
-241.1

-241.1
-172.8
-293.1
-275.6

-2411
-158.4
-275.9
-254.7

2 Hos.15
-21.34
4.40
-251.55

-251.55
-175.64
-283.02
-258.96

-251.55
-178.57
-293.89
-273.65

2 Hos.15
-6.75
1.13

-250.94

-12.59
8.54
-248.83

-250.94
-244.64
-248.83

-250.94
-183.01
-290.18
-264.04

-248.83
-172.83
-302.95
-278.74

2 Hos.15
-14.60
9.91
-246.53

-246.53
-177.24
-291.46
-275.50

-246.53
-162.78
-274.27
-253.43

& (g.15
16.40
52.30

-195.30

-195.30
-121.33
-253.55
-262.48

-195.30
-123.19
-261.60
-276.18

& (g.15
26.44
47.67

-194.21

14.73
56.50
-191.86

-194.21
-183.50
-191.86

-194.21
-126.86
-254.43
-266.41

-191.86
-115.70
-267.08
-280.11

& (g.15
15.70
58.44

-189.89

-189.89
-121.97
-252.61
-274.23

-189.89
-108.02
-235.42
-261.33
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1.3.2 Epoxide Results

The Relative Energies, Enthalpies and Gibbs Free Energiesin this section is based on the

B3LYP molecular energy calculations, used only for epoxide pathway calculations.

Table 38: Relative Energies of Oz + Alkene 1 using BA.YP molecular energies (kJ mol?).

Stationary Point
PRC1
TSOzol
POZ1

PRC2
TSOzo02
POZz2

POZz1
TSpoz1l
POZz2

POZ1
TSpoz2
POz2

POz1
T&mti 1

Cani
HCHO + AntiRCHOO

POz1
TSo1
Cro1

RCHO + HCHOO

POZz2
TS02
Cro2

POZz2
TSsyn
CSYN
HCHO + Sy\RCHOO

PRC1
TSpox 1.1
Cepox 1.1

PRC2
TSpox 1.2
Cepox 1.2

02 + epoxide

POZz1
TSpox 2_1
Copox 1.1
POZz2
TSpox 2_2
Cepox 1.2
POz1
TSpox 2_3
Copox 2.3

&eE
-7.07
-2.21

-237.29

-6.03
1.68
-236.89

-237.29
-223.55
-236.89

-237.29
-225.79
-236.89

-237.29
-164.54
-282.66
-247.32

-237.29
-156.79
-272.72
-250.66

-236.89
-154.23
-267.39

-236.89
-158.67
-281.04
-259.26

-7.07
46.88
-135.72
-6.03
38.74
-132.96
-126.58

-237.29
64.20
-135.72
-236.89
70.90
-132.96
-237.29
45.43
-135.49

O3 + Alkene 1
®ZPE
-3.29
3.93
-217.98

-2.58
17.77
-217.68

-217.98
-206.06
-217.68

-217.98
-208.17
-217.68

-217.98
-155.00
-275.72
-250.46

-218.07
-147.01
-269.07
-251.58

-217.58
-144.24
-265.18

-217.68
-148.57
-277.22
-261.57

-3.29
49.99
-126.87
-2.58
42.62
-124.19
-120.8

-218.07
68.04
-126.87
-217.68
74.06
-124.19
-218.07
48.86
-126.59

2 Hos 15
-2.02

0.85
-223.63

-0.97
4.73
-223.51

-223.63
-213.23
-223.51

-223.63
-215.21
-223.51

-223.63
-159.69
-276.11
-248.95

-223.91
-151.90
-267.47
-251.23

-223.23
-149.08
-262.23

-223.51
-153.60
-276.08
-260.74

-2.02
47.30
-127.08
-0.97
39.06
-124.22
-121.53

-223.91
64.86
-127.08
-223.51
71.13
-124.22
-223.91
46.12
-126.75

& @og.15
32.99

49.31
-169.17

32.00
52.94
-168.32

-169.17
-154.93
-168.32

-169.17
-157.25
-168.32

-169.17
-106.63
-233.95
-249.43

-168.72
-98.43
-232.68
-253.94

-168.78
-96.08
-236.23

-168.32
-99.51

-237.95

-260.21

32.99
94.73
-87.21
32.00
89.37
-84.92
-113.48

-168.72
114.97
-87.21

-168.32
120.52
-84.92

-168.72

94.74
-87.12
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POZ2 -236.89 -217.68 -223.51 -168.32
TSpox 2_4 57.32 59.78 57.08 104.88
Cepox 2.4 -132.34 -124.55 -123.49 -91.75

Table 39: Relative Energies of O + Alkene 5 using B3LYP molecular energies (kJ mot?).

O3 + Alkene 5

Stationary Point &eE ®&eZPE & Hos 15 & Gos.15
PRC1.1 -2.76 -0.45 221 30.48
TSOzo1.1 5.56 10.86 8.10 57.61

POZ1.1 -202.73 -186.54 -191.05 -138.56
PRC1.2 -1.11 1.09 3.42 34.89
TSOzo1.2 7.85 13.52 10.59 60.76

POZz1.2 -219.24 -202.70 -207.45 -154.15
PRC2.1 -2.15 -0.47 2.88 24.44
TSOz02.1 0.27 5.79 2.99 52.88

POz2.1 -205.35 -189.12 -193.77 -140.23
PRC2.2 -4.42 -1.67 0.31 33.98
TS0z02.2 9.21 14.78 11.91 62.17

POZz2.2 -221.62 -204.94 -209.83 -156.13

POZ1.1 -202.73 -186.54 -191.05 -138.56

TS 1 -130.81 -123.57 -127.23 -75.46

Canii 1 -238.71 -235.23 -234.05 -194.35

HCHO + AntiRCHOO Con 2 -212.89 -216.96 -215.18 -215.90

POZz1.2 -219.24 -202.70 -207.45 -154.15

TS 2 -142.25 -134.52 -138.36 -85.65

Canti 2 -240.93 -240.43 -237.09 -204.96

HCHO + AntiRCHOO Conl -228.11 -231.59 -229.99 -230.26

POZ1.1 -202.73 -186.54 -191.05 -138.56
TSol1 -133.13 -125.81 -129.52 -77.60

Col1 -220.00 -219.91 -216.05 -193.63

HCHOO + RCHO con 1 -201.98 -204.49 -203.69 -208.80

POZ1.2 -219.24 -202.70 -207.45 -154.15

TS0 1.2 -156.17 -148.24 -152.12 -99.55

Co1l.2 -250.85 -246.76 -245.57 -205.85

HCHOO + RCHO con 2 -223.20 -224.72 -224.15 -227.92

POz2.1 -205.35 -189.12 -193.77 -140.23
TSo021 -141.03 -133.81 -137.57 -85.33

Co2.1 -244.38 -238.74 -238.61 -194.47

HCHOO + RCHO con 1 -201.98 -204.49 -203.69 -208.80

POZz2.2 -221.62 -204.94 -209.83 -156.13
TS022 -156.06 -148.20 -152.06 -99.08

C02.2 -251.90 -247.03 -246.40 -204.39

HCHOO + RCHO con 2 -223.20 -224.72 -224.15 -227.92

POZz2.1 -205.35 -189.12 -193.77 -140.23
TSyl -116.44 -110.02 -113.45 -62.02

Csn 1 -206.38 -207.81 -202.86 -184.48

HCHO + SyrRCHOO Con2 -192.37 -196.41 -194.68 -196.10

Csyn 1 -222.13 -216.96 -216.92 -173.31

HOZz2.1 -411.77 -391.87 -396.88 -342.58

POZz2.2 -221.62 -204.94 -209.83 -156.13

TSyn 2 -135.75 -127.82 -132.05 -78.81

Csyn 2 -230.25 -230.04 -226.55 -196.23

HCHO + SyrRCHOO Conl -217.59 -220.53 -219.50 -218.81
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PRC2.1 -2.15
TSpox 1.1 52.36
Cepox 2_5 -120.48

PRC2.2 -4.42
TSpox 1.2 47.33
Cepox 2_6 -115.05

PRC1.1 -2.76
TSpox 1.3 52.21
Cepox 1_3 -119.48

PRC1.2 -1.11
TSpox 1.4 42.96
Cepox 1_4 -113.42

02 + epoxide -108.76
02 + epoxide -116.19

POZ1.2 -219.24
T&pox 2_1 56.53
Cepox 2_1 -114.50

POZ1.2 -219.24
TSpox 2_2 64.75
Cepox 2_2 -120.92

POZz2.2 -221.62
TSpox 2_3 66.20
Cepox 1_3 -119.48

POZ1.2 -219.24
TSpox 2_5 81.58
Cepox 2_5 -120.48

POZz2.2 -221.62
TSpox 2_7 104.81
Cepox 2_7 -118.72

POZz2.2 -221.62
TSpox 2_8 76.04
Cepox 2_2 -120.92

-0.47 2.88 24.44
56.03 53.49 101.94
-114.34 -113.07 -77.69
-1.67 0.31 33.98
50.72 48.40 96.02
-108.63 -107.72 -70.34
-0.45 2.21 30.48
56.28 53.35 103.76
-114.13 -111.75 -85.53
1.09 3.42 34.89
47.19 44 .31 94.52
-107.94 -105.80 -75.35
-104.92 -104.94 -98.05
-112.09 -112.22 -104.58
-202.70 -207.45 -154.15
60.34 57.76 106.46
-108.78 -106.88 -77.22
-202.70 -207.45 -154.15
67.88 65.60 113.87
-115.21 -113.23 -83.94
-204.94 -209.83 -156.13
69.71 67.08 116.94
-114.13 -111.75 -85.53
-202.70 -207.45 -154.15
81.95 80.22 127.14
-114.34 -113.07 -77.69
-204.94 -209.83 -156.13
105.51 103.12 153.07
-113.57 -110.94 -86.75
-204.94 -209.83 -156.13
76.45 74.43 123.74
-115.21 -113.23 -83.94

Table 40: Relative Energies of Os + Alkene 1 epoxide pathways using DRLCCSBEF12a molecular energies (kJ

mol-1).
O3 + Alkene 1

Stationary Point xE ®ZPE & Hog 15 & Gos.15
PRC1 -18.43 -14.65 -13.38 21.63
TSpox 1.1 47.41 50.52 47.83 95.26
Cepox 1.1 -162.46 -153.61 -153.82 -113.95
PRC2 -18.27 -14.82 -13.21 19.76
TSpox 1.2 39.25 43.21 39.64 89.99
Cepox 1.2 -165.37 -156.60 -156.63 -117.32
02 + epoxide -157.37 -151.64 -152.33 -144.28
POZ1 -254.53 -235.31 -241.15 -185.96
TSpox 2_1 98.09 101.93 98.76 148.86
Cepox 1.1 -162.46 -153.61 -153.82 -113.95
POZz2 -254.91 -235.70 -241.53 -186.34
TSpox 2_2 106.67 109.82 106.89 156.28
Cepox 1.2 -165.37 -156.60 -156.63 -117.32
POZ1 -254.53 -235.31 -241.15 -185.96
TSpox 2_3 91.11 94.54 91.80 140.42
Cepox 2.3 -162.57 -153.67 -153.83 -114.21
POZz2 -254.91 -235.70 -241.53 -186.34
TSpox 2_4 98.78 101.24 98.54 146.34
Cepox 2.4 -165.37 -157.58 -156.52 -124.77
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Table 41: Relative Energies of Oz + Alkene 5 epoxide pathways using DFLCCSBEF12a molecular energies (kJ

mol-1)..
O3 + Alkene 5

Stationary Point &eE ®eZPE & Hosg 15 & Gos.15
PRC2.1 -10.64 -8.96 -5.61 15.95
TSpox 1.1 59.08 62.74 60.20 108.65
Cepox 2_5 -151.60 -145.46 -144.19 -108.81
PRC2.2 -18.75 -16.01 -14.02 19.65
TSpox 1.2 59.17 62.56 60.23 107.86
Cepox 2_6 -143.07 -136.65 -135.74 -98.36
PRC1.1 -15.65 -13.35 -10.69 17.58
TSpox 1.3 55.07 59.14 56.21 106.62
Cepox 1_3 -155.22 -149.87 -147.49 -121.28
PRC1.2 -14.31 -12.10 -9.77 21.70
TSpox 1.4 49.34 53.57 50.68 100.89
Cepox 1_4 -148.10 -142.62 -140.48 -110.03
02 + epoxide -138.13 -134.29 -134.31 -127.42
02 + epoxide -146.69 -142.58 -142.72 -135.08
POZ1.2 -236.61 -220.08 -224.82 -171.52
TSpox 2_1 -70.49 -66.68 -69.26 -20.56
Cepox 2_1 -144.26 -138.54 -136.64 -106.98
POZz1.2 -236.61 -220.08 -224.82 -171.52
TSpox 2_2 -156.24 -153.10 -155.38 -107.11
Cepox 2_2 -153.63 -147.92 -145.94 -116.65
POZz2.2 -239.44 -222.76 -227.65 -173.95
TSpox 2_3 -155.67 -152.17 -154.80 -104.93
Cepox 1_3 -155.22 -149.87 -147.49 -121.28
POZz2.1 -224.38 -208.15 -212.79 -159.25
POZz1.2 -236.61 -220.08 -224.82 -171.52
TSpox 2_5 103.04 103.41 101.68 148.59
Cepox 2_5 -151.60 -145.46 -144.19 -108.81
POZz2.2 -239.44 -222.76 -227.65 -173.95
TSpox 2_7 129.22 129.91 127.52 177.47
Cepox 2_7 -154.30 -149.15 -146.52 -122.33
POZz2.2 -239.44 -222.76 -227.65 -173.95
TSpox 2_8 90.83 91.25 89.23 138.54
Cepox 2_2 -153.63 -147.92 -145.94 -116.65
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1.4 Previous Literature Experimental Data

The data found in in the main thesis Table 3.2 is obtained from the data in the tables here
in the appendix obtained from the following tables. Tables 1.1 i 1.3 contains the rate

constants and OH yields for these alkene ozonolysis reactions are found here:

Table 42: Literature Rate Constants (k exg and OH yields of the Ozonolysis of Alkenes 1, 2, 5,6 & 20.

Kexp (~298K)

Alkene (1018 cm? 9 1) ref OH yield ref
Propene 10.1+25 1 0.33+£0.16 2
CHCH=CH 9.9 3 0.18 +0.04 45
(Alkene 1) 11.1 6 0.30 £ 0.08 7
10.0 8 0.39 £ 0.08 9
9.6+0.4 10 0.34 £0.03 1
115+1.1 12 0.33£0.04 13
10.6£1.2 7
Average 10.4 0.34
Range 9.6 011.5 1,3.10.1417 0.30 60.39 2457911
Range (z included) 7.6012.6 0.17 80.49
1-Butene 9.65+25 1 0.41+£0.20 2
CHCHCH=CH 9.7+1.9 18 0.30 £ 0.09 7
(Alkene 2) 10.9+£0.8 3 0.29 £ 0.05 19
8.8+0.6 10 0.23+0.04 13
11.0+£3.3 15 -
12.4+3.8 12 -
Average 10.4 0.31
Range 8.8012.4 1c4,10 0.2360.41 2719
Range (£ included) 7.2016.2 0.1960.61
Methyl Vinyl Ketone 5.84 £ 0.39 20 0.13+0.04 2
CHC(O)CH=CH 4.72 +0.09 22 0.16 + 0.08 23
(Alkene 5) 4.22+0.85 10 0.16 £ 0.05 24
4.77 £ 0.57 25 - -
45+0.1 2 - -
5.1+0.1 21 - -
Average 4.86 0.15
Range 422 %.84 1.3.26 0.13 60.16 21,23,24
Range (# included) 3.37 %.23 0.08 50.24
2-methyl -2-butene 403+ 141 1 0.98 £0.24 2
CHCH=C(CH), 410 + 50 28 0.89 £0.37 2
(Alkene 6) 410 29 0.93+0.14 30
396 + 139 81 0.81+0.16 32
- - 0.89 +0.22 33
- - 0.47 £0.04 28
Average 405 0.90
Range 396 0410 1,3,10,1417 0.81 60.98 2,27,30,32,33
Range (+ included) 257 0544 0.52 81.26
2-methylpropene 11.3+£3.0 1 0.84 £0.42 2
(CHs).C=CH 11.1+28 18 0.80 £ 0.10 7
(Alkene 20) 10.8£1.0 3 0.72+0.12 19
12.9 26 0.60 £ 0.06 u
Average 115 13,26 0.74 271119
Range 10.8812.9 0.6 60.84
Range (£ included) 8.3014.3 0.4281.26
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Table 43: Literature Rate Constants (k exp and OH yields of the Ozonolysis of Alkenes 17, 18, 15 & 16.

Alkene (1016kCE;<nP3 g1 ref OH yield ref
E-2-butene 1.90 + 0.67 1 0.64 +0.12 2
(Alkene 17) 1.82+£0.011 3 0.64 £ 0.26 2

2.17 14 0.24 £ 0.02 45
1.81 + 0.006 10 0.54+0.11 32
2.00+0.80 15 0.19 v

1.98 12 0.68 + 0.09 16

- - 0.60 £0.12 7
- - 0.75%+0.19 33
- - 0.52£0.04 34

Average 1.94 1.3.10,1¢ 0.58 (0.53)

Range 1.81d 2.17 17 0.52 1/ 0.75(0.19 A 0.75) 16,17

Range (z included) 1.20f 2.80 0.43 1 0.94 (0.19 /i 0.94)

Z-2-butene 1.25+0.31 1 0.33+0.05 2
(Alkene 18) 1.27 3 0.41+0.17 2
1.23+0.18 10 0.17 £ 0.02 45
1.30+0.39 15 0.33+0.07 32
1.19 (+ 0.12) 12 0.39 35
- - 0.40 7
- - 0.40 + 0.05 7

Average 1.26 0.38 (0.35)

Range 1.23f 1.30 1c4,10 0.33/ 0.41(0.17 /i 0.41) 1641015
Range (z included) 0.91d 1.69 0.24 1 0.58 (0.15 /i 0.58)
E-2-pentene 3.15+0.95 1 0.46 +0.08 2
(Alkene 15) 1.62 +0.06 3 - -

3.15 26 - -

Average 2.39 0.46

Range 1.62d 3.15 13,26 0.46 2
Range ( included) 1621 4.10 0.38 71 0.54

Z-2-pentene 3.15+0.95 1 0.27 £ 0.07 2

(Alkene 16) 1.32+0.04 3 0.29 £ 0.06 2

209 26 - -

Average 1.71 0.28

Range 1.324 2.09 13,26 0.27 A 0.29 27
Range (£ included) 0.94 7 2.09 0.20 7 0.35
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Table 44: Literature Experimental Rate Constants (k exp range of the Ozonolysis of Alkenes 3, 4, 7, 8, 9, 10,
11, 12, 13, 14 & 19.

Alkene

Kexp

Alkene No (108 cmd ) ref
3-methyl -1-butene 3 0.95+0.29 1
(CHs)2CHCH=CH 0.73+0.27 18
Average 0.84 1326
Range 0.7380.95
Range (£ included) 0.46 01.24
3,3 -dimethyl -1-butene 4 0.39+0.12 1
(CHg)3sCCH=CH 0.38 £ 0.08 18
Average 0.385 13,26
Range 0.38 00.39
Range (z included) 0.27 80.51
2-methyl -2-pentene 7 0.39+0.12 1
CHCHCH=C(CH). 0.38 £ 0.08 36
Average 0.385 1.3.26
Range 0.38 60.39
Range (z included) 0.27 80.51
2,4 -dimethyl -2-pentene [(CH3),CHCH=C(C});] 8 223 * 37
2,4,4 -trimethyl -2-pentene 9 1.39+0.42 1
(CHs)3sCCH=C(CE)2 1.25+0.10 2638
Average 1.32 13,26
Range 1.25061.39
Range (+ included) 0.9701.81
Mesityl Oxide (CHC(O)CH=C(CkJ2) 10 0.081 + 0.011 39
2,3,3,3 -tetrafluoro -1-propene (CRCF=CH) 11 (2.77 £0.21) x 10°3 40
3,3,4,4,4 -pentafluoro -1-butene 12 0.211+0.035 41
CRCRCH=CH 0.20+0.04 42
Average 0.21 41
Range 0.16 80.25
Range (+ included)
E-1-chloro -3,3,3 -trifluoro -1-propene (E-CRCH=CHCI) 13 (1.46 £ 0.12) x 103 43
E-1,3,3,3 -tetrafluoro -1-propene (E-CRCH=CHF) 14 (2.81+£0.21) x 103 44
Z-2-hexene 19 144 + 43 1
(Z-nPrCH=CHCE) 105+ 20 3
Average 125
Range 1050144
Range (£ included) 850187
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The product branching fraction literature averages and ranges are in the following table:

Table 45: The literature experimental product branching fractions
6, 8,9, 12, 13 & 20.

of the Ozonolysis of Alkenes 1, 2, 3, 4, 5,

Product Branching Ratio (Bexp)

Alkene + O3 R # RiCHOO+HCHO R.CHO+HCHOO Ref
Propene * Ch; 1 0.60 0.40 45
Range 0.517 60.643 0.357 80.483 4547
1-butene Et 2 0.64 £ 0.04 0.36 £ 0.04 45
3-methyl -1-butene iPr 3 0.49 £ 0.05 0.51 £ 0.05 45
3,3 -dimethyl -1-butene tBu 4 0.32+£0.01 0.68 + 0.01 45
methyl vinyl ketone * CHC(0) 5 0.22 +0.17 0.78 +0.17 21,23
3.3.4.4.4 I;Sgr‘f:ﬂ“om 1 crer | 12 0.739 +£0.017 0.261 +0.017 a1
Alkene + O3 # R.CHOO+(CH),CO R.CHO+(CH),COO Ref
2-methyl -2-butene * CH 6 0.321 0.679 4547
0.289 60.387 0.613060.711 4547
2,4-dimethyl -2-pentene iPr 8 0.82 £ 0.04 0.18 £ 0.04 45
2,4,4 -dimethyl -2-pentene tBu 9 0.82 + 0.05 0.18 + 0.05 45
Ry # CKCHOO+CICHO CKCHO+CICHOO
E-1-chloro-3,3,3 -trifluoro - | o 13 0.63 £ 0.09 0.33£0.03 a8
1-propene
(CHs),COO + HCHO HCHOO+(CH),CO
2-methylpropene * (CHp)2C 20 0.70 0.30 46,4253
Range 0.5380.77 0.23 80.47

56



1.5 Reactant Atmospheric Abundance

The abundance and boiling points of the different atmospheric alkenes in analysed in

Chapter 3 are found in the following

Table 46: Atmospheric concentrations of Alkenes 1-20 (if known) under various conditions.

tables

Abundance

Co-reactant Environment (Original units) Study Ref
Ozone (O3)

summertime conditions - Houston 40860 ppbv Ryersonet al. 54

Can exceed 200 ppbv Ryersonet al. 54

O; 0 Boreal Forest

1.4 x 102 cmé st

Vereecken et al.

55

Oz d Tropical Forest/Rainforest

7.3x 101 cmd st

Vereecken et al.

55

O; dMega city

1.9 x 102¢cmd st

Vereecken et al.

55

O; 0Rural Europe

1.4 x 102¢cm3 st

Vereecken et al.

55

Propene (Alkene 1) [General Average]

dMega city

1.1 x 101 cmd st

Vereecken et al.

56

dRural Europe

1.5x10°cmi st

Vereecken et al.

56

Bavaria (HOPE observatory)

High ponderosapine forest 176 ppt Rhew et al. 57
Low ponderosapine forest 182 ppt Rhewet al. 57
Taipei Urban - Summer Daytime 0.56 ppbv Wanget al. 58
Taipei Urban - Summer Night-time 0.81 ppbv Wanget al. 58
Taipei Urban - Autumn Daytime 0.53 ppbv Wanget al. 58
Taipei Urban - Autumn Night-time 0.53 ppbv Wanget al. 58
Mexico City - Urban 5.93 ppb Percival et al. 59
Mexico City - Industrial 10.96 ppb Percival et al. 59
Chinese Max 8.2 ppb Percival et al. 59
Karthmandu, Nepal 12.8 ppb Percival et al. 59

Porto Alegre, Brazil 28.3 ppb Percival et al. 59
Meadows and Coniferous forests in (4.7 +3.7) x 108 Novelli et al. 60

1-Buten

e (Alkene 2) [General Average]

dMega city

57 x 10 cm3 st

Vereecken et al.

56

dRural Europe

5.7x 108 cmés?

Vereecken et al.

56

Taipei Urban - Summer Daytime 0.14 ppbv Wanget al. 58
Taipei Urban - Summer Nighttime 0.18 ppbv Wanget al. 58
Taipei Urban - Autumn Daytime 0.12 ppbv Wanget al. 58
Taipei Urban - Autumn Night-time 0.13 ppbv Wanget al. 58
Taipei, Taiwan 0.90 ppb Percival et al. 59
Chinese Max 2.4 ppb Percival et al. 59
Karachi 1.1 ppb Percival et al. 59
Dallas 0.32 ppb Percival et al. 59
Porto Alegre 7.8 ppb Percival et al. 59

Meadows and Coniferous forests in .
Bavaria (HOPE observatory) (1.4+4.2) x10° Novelli et al. 60

Butene (unknown)
High ponderosapine forest 52 ppt Rhew et al. 57
Low ponderosapine forest 51 ppt Rhew et al. 57
3-methyl -1-buten e (Alkene 3) [General Average]
Taipei Urban - Summer Daytime 0.03 ppbv Wanget al. 58
Taipei Urban - Summer Nighttime 0.04 ppbv Wanget al. 58
Taipei Urban - Autumn Daytime 0.02 ppbv Wanget al. 58
Taipei Urban - Autumn Night-time 0.02 ppbv Wanget al. 58
C5 0.030 ppb Percival et al. 59
3,3 -dimethyl -1-butene (Alkene 4) [General Average]
c6 alkenes | 0.052 | Percival et al. 59
Methyl vinyl ketone (Alkene 5) [General Average]

Rainforest | 2.4 x 10 cm® st | Vereecken et al. 56
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Temperate Forest

25x10°cmést

Vereecken et al.

56

Borneo

0.45 ppb

Percival et al.

59

2-methyl -2-butene (Alkene 6) [General Average]

Taipei Urban - Summer Daytime 0.13 ppbv Wanget al. 58
Taipei Urban - Summer Night-time 0.21 ppbv Wanget al. 58
Taipei Urban - Autumn Daytime 0.12 ppbv Wanget al. 58
Taipei Urban - Autumn Night-time 0.12 ppbv Wanget al. 58
Mexico City- Urban 1.69 ppbv Percival et al. 59
Mexico City- Industrial 0.89 ppbv Percival et al. 59
Porto Alegre Brazil 17 ppbv Percival et al. 59
Seoul 1 ppbv Percival et al. 59
2-methyl -2-pentene (Alkene 7) [General Average]

Porto Alegre Brazil 4 ppbv Percival et al. 59
Porto Alegre Brazil 0.017 ppbv Percival et al. 59
Boston 17 ppbv Percival et al. 59
C-6 alkene - Boston 0.052 ppbv Percival et al. 59

2,4 -dimethyl -2-pentene (Alkene 8) [General Average]
C-7 alkene - Boston 0.007 ppbv Percival et al. 59
C-7 alkene - Boston 0.003 ppbv Percival et al. 59

2,4,4 -trimethyl -

2-pentene (Alkene 9) [General Average]

C 8 alkene - Boston

0.019 ppbv

Percival et al.

59

C 8 alkene - Boston

0.004 ppbv

Percival et al.

59

2,3,3,3 -tetrafluoro -1-propene (Alkene 11) [General Average] HFO -1234yf
Jungfraujoch, Switzerland 3 ppg Vollmer et al. 61
Dubendorf, Switzerland 136 ppq Vollmer et al. 61
Global future scenario Average 0.34 pptv Wanget al. 62
- annual Maximum 30.96 pptv Wanget al. 62
China future scenario- Average 2.62 pptv Wanget al. 62
annual Maximum 30.96 pptv Wanget al. 62
USA future scenario - Average 2.20 pptv Wanget al. 62
annual Maximum 19.44 pptv Wanget al. 62
USA future scenario - Average 4.19 pptv Wanget al. 62
summer Maxmum 40.95 pptv Wanget al. 62
USA future scenario - Average 7.40 pptv Luecken et al. 62,63
summer Maximum 300.00 pptv Luecken et al. 62,63
EU future scenario - Average 2.73 pptv Wanget al. 62
annual Maximum 19.08 pptv Wanget al. 62
EU future STOCHEM Average 2.60 pptv Henne et al. 62,64
scenario - annual Maximum 18.00 pptv Henne et al. 62,64
EU future FLEXPART Average 1.50 pptv Henne et al. 62,64
scenario - annual Maximum 3.70 pptv Henne et al. 62,64
North pole future Average 0.40 pptv Wanget al. 62
scenario - annual Maximum 1.19 pptv Wanget al. 62

(E)-1-chloro -3,3,3 -trifluoro -1-propene (Alkene 13) [General

Average] (HCFO -1233zd(E))

Jungfraujoch, Switzerland 8 ppqv Vollmer et al. 61
Dubendorf, Switzerland 12 ppgv Vollmer et al. 61
Beijing, China ~20 ppqv Sulbaek Andersenet al. 65
(E)-1,3, 3,3-tetrafluoro -1-propene (Alkene 14) [General Average] (HFO -1234ze(E))
Jungfraujoch, Switzerland 41 ppgv Vollmer et al. 61
Dubendorf, Switzerland 928 ppqv Vollmer et al. 61

(E)-2-pentene (Alkene 15) [General Av

erage]

dMega city

1.4 x 109 cm3 s?

Vereecken et al.

56

dRural Europe

2.0x 10" cmdst?

Vereecken et al.

56

Taipei Urban - Summer Daytime 0.12 ppbv Wanget al. 58
Taipei Urban - Summer Nighttime 0.21 ppbv Wanget al. 58
Taipei Urban - Autumn Daytime 0.11 ppbv Wanget al. 58
Taipei Urban - Autumn Night-time 0.13 ppbv Wanget al. 58
Mexico City - Urban 0.74 ppbv Percival et al. 59
Mexico City - Industrial 1.36 ppbv Percival et al. 59
Chinese Max 5.3 ppbv Percival et al. 59
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(2)-2-pentene (Alkene 16) [General Average]

dMega city 6.9 x 10° cm3 st Vereecken et al. 56

dRural Europe 1.7 x 10" cm3 st Vereecken et al. 56

Taipei Urban - Summer Daytime 0.05 ppbv Wanget al. 58

Taipei Urban - Summer Night-time 0.09 ppbv Wanget al. 58

Taipei Urban - Autumn Daytime 0.04 ppbv Wanget al. 58

Taipei Urban - Autumn Night-time 0.05 ppbv Wanget al. 58

Mexico City - Urban 0.37 ppb Percival et al. 59

Mexico City - Industrial 0.7 ppb Percival et al. 59

Chinese Max 9.4 ppb Percival et al. 59
(E)-2-butene (Alkene 17) [General Average]

dMega city 2.0 x 10°°cm?3 s! Vereecken et al. 56

dRural Europe

2.0x 108 cmdst?

Vereecken et al.

56

Taipei Urban - Summer Daytime 0.10 ppbv Wanget al. 58
Taipei Urban - Summer Night-time 0.16 ppbv Wanget al. 58
Taipei Urban - Autumn Daytime 0.08 ppbv Wanget al. 58
Taipei Urban - Autumn Night-time 0.09 ppbv Wanget al. 58
Mexico City - Urban 1.05 ppb Percival et al. 59
Mexico City - Industrial 2.48 ppb Percival et al. 59
Chinese Max 3.4 ppb Percival et al. 59

Karachi 0.3 ppb Percival et al. 59

Dallas 0.47 ppb Percival et al. 59

Meadows and Coniferous forests in (6.1+3.0) x 107 Novelli et al. 60

Bavaria (HOPE observatory)

(2)-2-bute

ne (Alkene 18) [General Average]

dMega city

1.5x10%cmd st

Vereecken et al.

56

dRural Europe

1.3 x 108 cm3st?

Vereecken et al.

56

Taipei Urban - Summer Daytime 0.09 ppbv Wanget al. 58
Taipei Urban - Summer Nighttime 0.12 ppbv Wanget al. 58
Taipei Urban - Autumn Daytime 0.08 ppbv Wanget al. 58
Taipei Urban - Autumn Night-time 0.08 ppbv Wanget al. 58
Mexico City - Urban 0.83 ppb Percival et al. 59
Mexico City - Industrial 1.31 ppb Percival et al. 59
Chinese Max 2.7 ppb Percival et al. 59
Karachi 0.2 ppb Percival et al. 59
Dallas 0.24 ppb Percival et al. 59

(2)-2-hexene (Alkene 19) [General Average]
Taipei Urban - Summer Daytime 0.02 ppbv Wanget al. 58
Taipei Urban - Summer Night-time 0.03 ppbv Wanget al. 58
Taipei Urban - Autumn Daytime 0.01 ppbv Wanget al. 58
Taipei Urban - Autumn Night-time 0.01 ppbv Wanget al. 58
Z-2-hexene in Los Angeles 0.05f 1.04 ppb North et al. 66
Boston 0.02 Percival et al. 59
Porto Alegre 1.6 Percival et al. 59

2-methylpropene or

Isobutene (Alkene 20) [General Average]

Taipei Urban - Summer Daytime 0.37 ppbv Wanget al. 58
Taipei Urban - Summer Nighttime 0.51 ppbv Wanget al. 58
Taipei Urban - Autumn Daytime 0.41 ppbv Wanget al. 58
Taipei Urban - Autumn Night-time 0.38 ppbv Wanget al. 58
Mexico City - Urban 3.04 ppb Percival et al. 59
Mexico City - Industrial 5.28 ppb Percival et al. 59
Chinese Max 4 ppb Percival et al. 59

Porto Alegre 16.5 ppb Percival et al. 59

Meadows and Coniferous forests in (4.242.5) x 10P Novelli et al. 60

Bavaria (HOPE observatory)

Table 47: Boiling Points of Alkenes 1f 20

| No | Alkene

I

Boiling point ( °C) |

Ref




1 1-propene -47.7 67
2 1-butene -6 68
3 3-methyl -1-butene 20.1 69
4 3,3-dimethyl -1-butene 41.2 69
5 Methyl Vinyl Ketone (MVK) 81 70
6 2-methyl -2-butene 37.5-38.5 e
7 | 2-methyl -2-pentene 67.3 69
8 2,4 -dimethyl -2-pentene 83.4 69
9 2,4,4 -trimethyl -2-pentene 104.9 72
10 | 4-Methylpent -3-en-2-one (Mesityl Oxide) 130 &
11 | 2,3,3,3 -tetrafluoro -1-propene (HFO -1234yf) -28 7
12 | 3,3,4,4,4 -pentafluoro -1-butene (HFO -1345fz) 3-6 s
13 | (B)-1-chloro -3,3,3 -trifluoro -1-propene (HCFO-1233zd(E)) 18.3 76
14 | (B)-1,3,3,3 -tetrafluoro -1-propene (HFO-1234ze(E)) 119 74
15 | (B)-2-pentene 36.3 69
16 | (Z)-2-pentene 36.9 69
17 | (E)-2-butene 0.9 i
18 | (2)-2-butene 4.0 8
19 | (Z2)-2-hexene 68-70 69
20 | 2-methylpropene (isobutene) -6.9 79
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1.6 Additional Sections
1.6.1 The Impact of Alkene Interconversion on Ozonolysis Chemistry

The analysis in the main body of the Thesis in Chapter 3 involves the ozonolysis of many
different alkenes there are many different types of reactions. These alkenes can be

broadly divided into conformationally firestricted alkenes, which have restricted
movement and symmetry mean they only have one conformer (alkenes 1, 4, 6, 9, 11, 13,
14, 17, 18 & 20), and conformationally i flexible alkenes, which due to their size and
mobility produce multiple conformers (alkenes 2, 3, 5, 7, 8, 10, 12, 15, 16 & 19). An

example these multiple conformers interconverting over an isomerisation barrier (TS 1sg is
seen for alkene 10, in Figure 3.

,
o , 0
-
M o

Cis-isomer TSso Trans -isomer
Figure 3: Isomerisation between cis & trans conformers of alkene 10 (Mesityl Oxide) via a TSsobarrier .

During the IRC calculations for some of these cycloaddition (TSzo structures, the
reactants that are produced are not the lowest energy conformers . In light of this, one
very important factor to consider is that the  TSsobarrier may provide an obstacle between
the lowest energy conformer and the TSyzobarrier, potentially affecting the  kyvevalues.
Many TSso barriers are small (< 5 kJ mol %), such as those seen for alkenes 2 & 15, and so
unlikely to act to be significant obstacles to reaction. However, as shown in Figure 4,
there are alkenes that have larger TSsobarrier than TSpzo barriers. This could be a
significant issue as with O3 + alkene 5 reaction as the TSsobarrier is between the lowest
energy conformer and the lowest energy TSzo barrier.
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Figure 4: Potential energy surface of the ozonolyses of alkene 5 (on the left referred to as figure S3.xa) &
alkene 8 (on the right referred to as figure S3.xb ). This include the different

TSsobarrier, and which alkene conformer was produced from the IRC calculation of the TS

conformers connected of via a

0zZ0 step.

To determine whether TSsobarrier could be a significant obstacle to reaction the effect of

isomerisation could be tested usi ng MESMER, which as demonstrate throughout this thesis,

can determine the chemistry of multistep reactions. As it is assumed that if this alkene

isomerisation has no effect on kwevalues then it will have no effect on

Brreovalues of the

final product and for that reason, only the ozonolysis step is included in this particular

analysis. But, one difficulty is that including two conformers of the same raw reactant

with a TSsobarrier, in a bimolecular system is beyond the capacity of MESMER. This can be

circumnavigated by having within the MESMER input file, a parallel set of pre-reaction

complexes augmented with the isomerisation transition states linking the two

. These

augmented calculations replicates the TSsobarrier seen between the two alkenes but by

restricting it to the single bimolecular structure of the pre

-reaction complexes, it is within

the capacity of MESMER to process. If the obstruction caused by the TSso barrier to the

TSozo barrier is significant, the  Brueo values the POZ that is formed will drop.

The conformationally fiflexible alkenes that are selected to analyse this obstructive
8 (iPrCH=C(CH)); and

capacity are: alkenes that have lots of bulky substituents, alkene

alkenes where the substituent TSse rotation would break conjugation between >C=C< and
C=0 functional groups, alkenes 5 & 10 (CHC(O)CH=CK& CH:C(O)CH=C(CkJ2). A
comparison of the BrueoVvalues of the POZ conformers comparing the augmented

calculations with the standard MESMER treament for the cycloaddition step of the O 3

reactions with alkenes 5, 8 & 10, is found in Table 48.

Table 48: Comparing different Brueovalues of the POZs from the ozonolysis of alkenes 5, 8 & 10, using
different MESMER treatments.

Brreo

Alkene Alkene 5 Alkene 8 Alkene 10
Method Standard Augmented Standard Augmented Standard | Augmented
Grainsize 20 20 20 20 20 20
POZ 1.1 0.053 0.053 0.723 0.723 0.301 0.301
POZ 1.2 0.018 0.019 0.032 0.032 0.006 0.007
POZ 1.3 N/A N/A 0.005 0.005 N/A N/A
POZ 1.1 0.916 0.916 0.234 0.234 0.686 0.685
POZ 1.2 0.012 0.012 0.006 0.006 0.007 0.007
POZ 1.3 N/A N/A 0.001 0.001 N/A N/A

The comparison of the standard MESMER treatmentwith the augmented calculations,

appears to only diverge from each other to a negligible degree. This may be because TS iso
| ogo8treiature$, & fooired in rAppendis

structures

al ways

gi ve

Section 1.3. This suggests that the standard MESMER treatment of calculating kve values,

without any reference TSsobarriers, is very appropriate for determining 0zo nolysis
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chemistry, when there are multiple alkene conformers. The standard MESMER treatment is

therefore used as the standard method to calculate the kmevalues in Thesis Chapters 3, 4

& 6.

1.6.2 The Impact of POZ Interconversion on Ozonolysis Chemistry

In the duration of this thesis, there are many different types of reactions but these can be

broadly divided into two specific types: one -step reactions, where the reactant react to

produce products, not via an intermediate product; and a two

-step reaction, where the

reactants produce an short -lived intermediate product, usually a cyclic ozonide, which

subsequently fragments, due to torsional strain and excess energy. The one -step

reactions, such as sClI + alcohol reactions, are not of interest in this section

, as their

simplicity means the standard MESMER treatment, is not very computationally intensive

for the MESMER software However, multiste p reactions in this study, such as that seen for

the ozonolysis of alkene 18 (Z-2-butene), in Figure 5, are more complicated because they

involve a cycloaddition step (TS ozo) to produce a 5 member primary ozonide ring (or POZ),

subsequently a POZ fragmentation step. As only the POZ fragmentation step is irreversible

in this MESMER model, this makes it more costy to determine the Brneovalues as it

involves calculating a lot of computationally intense

reversable reactions .
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isomerisatio n, TSpoz(Figure ) compared to all the different

Figure 5: Comparing the Potential Energy Surface for alkene 18 + O; reaction containing only one POZ

POZ conformeric isomerisation that the O 3 +

alkene 5 potential energy surface would contains [relative energy in kJ mol 1]

This two-step process is seen alsoin Sections 5.2 & 5.3 in the main text of thesis, the sCl+

HCHO & SQ@reactions, which also produce short -lived intermediate products, here

referred to as HOZs and SOZs respectively. While inclusion of both cycloaddition step and

HOZ/SOZ decomposition does increase costs signifcantly, a big cost is caused by the

complexity is the inclusion multiple conformers of HOZs and SOZs, which interconvert over

isomerisation transition states. Nevertheless, the small size of the sCl+ HCHOsystemsand
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the significantly restricted nature of the interconversion in the sCl+ SQ reactions, means
the number of intermediate products ( O 2and isomerisation transition states ( O }, is kept
low. This means only a small number of computational chemistry calculations are required
to produce such inter mediate structures and that the intensity of the MESMER calculations
can be reduced by altering the grainsize. For more details on the sCI reactions with HCHO
& SO and other difficulties involved in  calculations see Sections 5.2 & 5.3 in the main text
of thesis. However, the alkene ozonolysis calculations in Chapter 3 & 6 can involve much

larger numbers of intermediates and isomerisation transition states (see Figure 5).

Some alkene ozonolysis reactions have manageable numbers of POZ intermediates an
isomerisation transition states such as alkene 17 + Qs;, which has 1 x POZ without any
isomerisation transition states (TS poy), or alkene 18 + O;, (featured in figure 3.2a) which
has 2 x POZs and 1 x Tz This means that is still possible to determine the Brneovalues
using the full potential energy surface, without significant drawbacks in cost either to
undertake the computational chemistry calculations or the full MESMER treatment.

However this contrast significantly with the ozonolysis of alkene 5, which produces 4 x
POZs and as many as as @lifferent TS poz structures. Alkene 5 + O; also is amongst the
small er of these oO0compl ex r2e &cwhichopprodudes 60RODEZsar ed t C
and ~12 x TSoz or Alkene 19 + O, which produces 18 x POZs and ~36 x Tz This causes
significant increases in computational cost in determining the TS pozstructures and goes

beyond the capacity of the MESMER software to process

In the theory, as mapped by the IR C calculations, each cycloaddition pathway produces
and each POZ fragmentation pathway emerges from a particular POZ conformer. In sCIl+
SQ reactions this distinction is critical because the SOZ conformers often do not
interconvert. But with the ozonolysi s of alkenes in chapter 3 & 6, all each cycloaddition
pathway and each POZ fragmentation pathway is interconnected to each POZ conformer
due to the there isomersation over the TSozbarriers. However, as displayed for alkene 18
+ Gz in Figure 5, the TSozbarriers calculated for alkene ozonolysis reactions are

significantly lower than both cycloaddition and POZ fragmentation barriers.

The structures of the alkenes vary significantly and if the substituent groups are different

in character, such as t he carbonyl R: substituent in the O3 + alkene 5 reaction, could lead
to higher isomerisation energy . This would imply that the POZ conformers to be chemically
distinct . However, as shown in Figure 5, the TSpozbarriers (-213.6 fi &193.1 kJ mol™) are
close in energy to POZ (@22.8 fi &03.5 kJ mol™?) and significantly lower in energy than

both the cycloaddition barriers (7.8 # 18.3 kJ mol™) and the POZ decomposition barriers (8
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158.8 fi 8118.2 kJ mol™). These results suggest that TSoz barrier heights are not
significantly altered by the presence of the carbonyl Ry substituent.

This indicates that these POZ conformers interconvert freely, at least to some extent, and
therefore the uptake of fragmentation pathways will not discriminate between POZ
conformers, to generate multiple sets of final products . This non-discrimination
assumption subsequently implies that if the array of POZ conformers and TSz barriers in
the MESMER file were replaced with a single POZ conformer, with all cycloaddition
channels terminating there and all POZ fragmentation pathways originating with that
conf or mer , the same result would emerge.
referred to in the main body of this thesis, is true then a costs would be reduced
significantly, as TSoz structures would not need to be calculated and such calculations
would be significantly within the capacity of the MESMER software to process .

Table 49: Comparing different Brueovalues of the ozonolysis of alkenes 1, 6, 11, 13 & 18, using different

MESMER treatments. (different Cl yields are represented using: Ban for an anti -conformer; Bsyn for a syn-
conformer; Beo for yield of formaldehyde oxide; and  Boweo for yield of dimethyl formaldehyde oxide)

MESMER reatment Full New Parallel
Alkene Channel All POZs & TS0z One POZ & no T§oz | Multiple POZs & no TSoz
Grain size 25 20 20
BanTi 0.452 0.438 0.562
1 Bsyn 0.276 0.239 0.256
Bol 0.157 0.175 0.080
Bo2 0.115 0.148 0.102
Grain size 70 40 40
BanTi 0.241 0.216 0.333
6 By 0.050 0.072 0.053
Boveo 1 0.415 0.509 0.471
Boveo 2 0.294 0.203 0.143
Grain size 80 40 60
BanTi 2.48 x 107 2.49 x 107 3.09 x 10°
11 Bsyn 2.29 x 108 3.31 x 108 4,43 x 107
Bol 0.531 0.553 0.213
Bo2 0.469 0.447 0.787
Grain size 70 40 60
BanTir1 0.542 0.604 0.811
13 * Bsynr3 0.119 0.091 0.120
5ANTFR3 0144 0108 0025
Bsynr1 0.194 0.197 0.044
Grain size 40 30 40
18 BanTi 0.872 0.817 0.976
Bsyn 0.128 0.183 0.024

* Bantiriis for anti-CRCHOO;Bsynriis for syn-CRCHOO;Bantirs is for anti -CICHOO; Bsynrs is for syn-CICHOO

To test this theory, the Brueovalues of various alkene ozonolysis reactions are determined
using three separate treatments are run on MESMER. These 3 treatmens consist of: the
full MESMER treatments using all structures on the PES; channelling all cycloaddition and

POZ fragmentation channels through the single lowest energy POZ structure, referred to as
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the o0new MESMER t r e atT®e batriérs aresexclddedvamceatl e a |l |
cycloaddition and POZ fragmentation channels run in and out the POZ conformers that the

I RC calculations produce, referred to as

MESMER treat ment 6 pr evendissimitadDtdthe tredtneent gicemferer si on

the sCk 23126 + SQ reactions in chapter 5, where intermediate SOZ products cannot
interconvert due to the high energetic cost . This produces essentially two analogous
parallel pathways, one for POZ and one for POZ 2, which are analysed as distinct pathways
within the MESMER models.

The ozonolysis of alkenes 1, 6, 11, 13 & 18 (CHCH=CH, CH;CH=C(CH)2, CRCF=CH, E
CRCH=CHCI andZ-CHCH=CHCE) reactions are used because their lack of conformational
flexibility pr oduce 0si mpl e @ xP®Sandl onRix T3ozstructurgs each.
which can be used to compare these two other MESMER treatments to the full MESMER
treatment. If the more complex alkene ozonolysis reactions were used the full MESMER
treatment using all TS poz Structures, would increase computational costs. This was
undertaken using so many reactions, to make sure the new MESMER treatment was
exhaustively tested. This comparison of the different Brueovalues produced by these
MESMER treatments is seen in Tablet9.

Of these different treatments, the parallel MESMER treatment show a significant
divergence for Brueovaluesin all 5 reactions, except for the anomaly of O 3 + alkene 6
reaction. This means that the parallel MESMER treatment does fundamentally lead to

different chemistry and is likely to work well for the sCl + SO » reactions.

However the most important observation between these results is that the  new MESMER
treatment shows results of similar accuracy to standard MESMER treatmentfor all alkene
ozonolysis reactions studied here. Even the most anonymous result O; + alkene 6 shows
agreement enough to be within ~5% of the other results. Much of these degrees of error

can be assumed to be due to the changes in grain size. This work was all done with the
lowest possible grainsize that could be possibly processed. This exhaustive analysis of the
new MESMER treatment with many different ozonolysis reactions implies that the POZs are
mostly freely interconverting and can be treated as essentially one POZ conformer. This is
likely because TSeozbarriers are significantly lower in energy than the POZ fragmentation
barriers. The high accuracy of this new MESMER treatment of channelling all cycloaddition
and POZ fragmentation channels through a single POZ structure has led to it being adopted
for determining the Brueovalues for most of the alkene ozonolysis reactions in chapters 3 &

6 of the main thesis . For a full review of what treatment was used and with what grainsize
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was used for each Brueoresult, see Appendix section 1.2.3. Standard treatment is often

used for simple alkene ozonolysis reactions to calculate the Brueovalues.

One last noteworthy observation is that during the analysis of the impact of including TS poz
barriers, found here, the O; + Alkene 11 reaction had the highest barriers to

interconversion (TSoz1 & 2 ~-210.1 & -226.0 kJ mol™) and this has very little impact on
the overall branching ratios .
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1.6.3 The Impact of CI Interconversion on Ozonolysis Chemistry

The analysis in chapter 3 produces many different Cls (and aldehydes & ketones) with
various conformeric forms, but for most of these ClIs the isomerisation barrier is minor ( <5
kJ mol™). It is already well established that, due to their contrasting chemistries and their
high barrier to interconversion, syn and anti-Cls are stereochemically distinct. This leads
to them being treated differently in bimolecular sCl analysis (see Thesischapters 4 & 5)
and separation of their Brueovalues into banti & Bsynvalues for alkene ozonolysis (see Thesis
chapters 3 & 6). However, it is possible that isomerisation (TS sg barriers, such as those
seen in figure s3.x between cis- & trans-conformers of syn-CHC(O)CHOQcould prevent

free interconversion, like that between syn and anti-Cls

(o) o o
% N 0
I
o Cc - C. - H3C (o]
%C/ “H ( ’//H \C/ ~H
c |
| 0= '\
CHj3; CH;3 o
Cis-isomer TSso Trans -isomer

Figure S3.6: Isomerisation between cis & trans conformers of syn-CHC(O)CHOOQvia a TSsobarrier .

Such Cl interconversions are important in sCl unimolecular decomposition, as noted in
Thesis Sction 1.6.1, and the different cis- & trans-conformers can exhibit different
bimolecular chemistry, such as that seen in Thesis Section 4.5 for alcohol reactions with
isoprene-derived sCls. In this section key Cls yielded in the alkene ozonolysis and an
aldehyde (CHC(O)CHQis also tested to see t he different conformers require different
classification or whether the isomers of the aldehyde interconvert post -reaction. The
species selected for this comparison are Cls and aldehydes with groups that make
interconversion difficult, such as bulky groups or are conjugated groups. Table 50 displays
the computational energies of different conformers and the  TSso barriers of the species:
CHC(O)CHOQ anti - & syn-CHC(O)CHOCand syn-iPrCHOO

Table 50: The ZPE relative to lower energy conformer of divisive Criegee intermediates and aldehydes

chemical DF-LCCSD(T)F12a B3LYP
Con1 TSso Con 2 Conl TSso Con 2
anti -CH;C(O)CHOO 0.0 34.2 14.1 0.0 35.3 14.6
syn-CH;C(O)CHOO 0.0 25.7 23.1 0.0 28.1 24.1
CHsC(O)CHO 20.8 23.0 0.0 20.2 28.4 0.0
syn-iPrCHOO 0.0 26.5 9.4
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With the exception of the barrier between antid& syndCls, the barriers of between such ClI
and aldehyde conformers in this thesis are relatively small, especially given alkene
ozonolysis produces significant the excess energy. Considering that the significant excess
energy within a hot Cls, is that at least prior to collisional stabilisation, these different CI
conformers freely interconvert (except for anti & syn conformers). Despite the fact that
CHC(O)CHO is likely to see the greater of the TSsobarriers, the barrier is still relatively
small, so they ar e likely to freely interconvert after ozonolysis. Therefore, in the main

body of this thesis does not refer to specific Cl conformer branching ratios (except for  syn
and anti conformers), although the pathways that produce specific conformers are

identifie d and their specific yields are noted, in  Appendix Section 1.2.
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1.6.4 Introduction to structure activity relationships

Whilst using experimental methods to analyse the ozonolysis of alkenes can yield accurate

and reliable data, for example concerning the kexpand Eexpvalues, lab-based experiments

have several major drawbacks. Ozonolysis of alkenes releases large energy vyields (e.qg.

200-250 kJ mol™ for O3 + 2,3-dimethylbutene) that would require expensive, highly -

resistant equipment to monitor the reaction directly.  2° The Criegee intermediate yields

are difficult to determine because the kyni values of internally hot Cls are very high. There

are even greater difficulties in determining the population of the short -1 i ved ocol d CI s
sCls, especially where the sCl may exhibit multiple conformers. Before the Taatjes et al.

study in 2008, researchers tried to overcome t hese challenges by determining Cl yields

indirectly through measuring of the aldehyde/ketone by -products and the OH yields. 68!
More recently however, the direct measurement of sCls, such as syn- & anti-CHCHOO,
have been obtained using both UV spectroscopy and infrared spectroscopy with a Herriott
cell, was used to distinguish syn- from anti-sCl conformers 22 Despite these recent
developments, these new methods in measuring syn- & anti-sCl conformer yields have yet
to be applied to measuring the experimental yields of alkene ozonolysis.

Computational methods may fill in the gaps in reactivity data which have been left by the
indirect measurements of previous work, resulting in the production of a more complet e
picture of Cl production and loss channels. Chapter 3 of this thesis demonstrates that
alkenes with either small substituents (like propene) or inflexible, bulky substituents (like
2,4,4-trimethyl -2-pentene) can be computed with relatively small numbers of calculations.
A study conducted by McGillen et al. in 2006, along with other research in the literature,
found that additional alkyl groups added to substituent groups past the n-carbon atoms
make little difference to the ozonolysis chemistry. 885 However, one major drawback of
using computational chemistry is that accurate ab initio modelling of the ozonolysis of
flexible middle -sized alkenes, like cis-2-hexene requires a very large number of
calculations. This is explained and explored further in Chapter 6, alo ng with the
development of other empirical models to measure this type of  Structure -Activity
Relationship (SAR)3¢37:8

These SAR models use well defined structural characteristics of a reac tants series to
estimate and predict their chemistry in a very specified reaction conditions (such as with
0s). These ansatz can be built upon either theoretical or experimental analysis. For
example, McGillen et al. , in his 2008 model, produced a relation ship between the bulk &

number of substituent groups on an aliphatic alkene, and the ozonolysis rate constant (ko)
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of that alkenes. This is important because, if an SAR model is reliable, it demonstrates the
value to producing a chemistry -based taxonomic classification system for these types of
reactions. Another reason to generate this kind of SAR modelling is to reduce the number
of reactions that are undertaken in atmospheric models. One example of this is in the
atmospheric models for AtChem2, where th e sum of the tropospheric organic peroxyl
radicals are often treated as one species, RO ,, because their reactions with other species,
as well as their self and cross reactions, have similar chemistry. If a similar treatment can
be used for the ozonolysis of alkene, as is applied with RO », that would significantly
reduce the number of calculations and therefore the amount of computational energy

required to run these models.

To the author 6s kn éawlakiesdoethetOh €2 4edimathyle 2-perdene
reaction in the literature, so to assess the krueovalues determined for this reaction in
Chapter 3 of this thesis, a rate constant derived from the SAR models ( ksag is used as a
comparative tool. While the 2008 McGillen et al. SAR model is also used for this purpose in
Chapter 6, its more important use is that it provides significant insight into the

development of new models designed to calculate both the krheo & Brueovalues for the

ozonolysis of long-chained alkenes, such as cis-2-hexene.

Structure -activity/structure -reactivity relationships have been proposed as a solution for
modelling the reactions between gaseous organic compounds, including alkenes, with O 3
and other co-reactants, such as OH radicals.®”®° Various attempts at SAR treatment to the
gaseous ozonolysis of alkenes have emerged with varying degrees of success. A

perturbati on frontier molecular orbital (PFMO) theory derived using SAR treatment, where
by the ener gy ¢ han g e highestoocapedmotetular obitalk (HOM@) s
and the O3 lowest unoccupied molecular orbital (LUMO) is contrasted to the log 1o (Kexd. °®
% A derivative of this is the use of the ionization potential of the alkene as a substitute for

the molecular orbitals in these SAR models.

However the successes of this model in determining a rate constant are shown to be
significantly limited, as the rate constants they project for the ozonolysis of pentene and
2,4-dimethyl -3-methaylene are often out by orders of magnitude from the kexpvalue. 9%
Explanations of these divergences and inaccuracies include steric hinderanc e of large
substituent groups or the lack of asymmetrical orbital contributions in PFMO theory. %399
Other important factors that have been considered in SAR studies, which correlate with

the rate of ozonolysis, includes the electrophilic potential of the >C=C< bond , or the

R a n dyipd indices. #># Many of these SAR factors have not orly been correlated with
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kos, but have been observed in other alkene reactions with NO 3 and OH reactions.

Unfortunately, the steric hindrance consistently causes significant divergences between

ksarand kexpvalues.®®
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Figure 1.7: The three a Ikyl -substituted positions that would sterically hinder O

3 + alkene reactivity.

This led to the development of the 2008 SAR study designed mainly by McGillen et al. ,

which incorporates both the inductive and steric inputs of the alkene used into one

combined factor. 3 The inputs in the SAR equation provide: the increase in reactivity of

the >C=C< bond provided by each extra alkyl substituent group attached; and a steric

hinderance for the reaction, which is gradually reduced as the bulkiness moves away from

the >C=C< bond.In order of greatest intrusion, the alkyl groups can cause steric
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This SAR method has been extendedto include dienes, like isoprene and 1,3 -butadiene,

and heteroatomic alkenes, such as E-2-pentenoic acid, Z-1,2-Dichloroethene and 2-Hexen-

4-one.® SAR methods have been adapted also to model the temperature dependence. *
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The drawbacks of the McGillen et al. models produced in 2008-11 is that they only use
experimental analyses and do not incorporate important computational studies.

Additionally, they do not calculate product branching ratio ( B) values for the sCls, the
aldehydes, ketones or OH by-products. The models in Chapter 6 that were derived to
determine the reaction chemistry of O 3 + cis-2-hexene, calculates both computational Kkexp
values and direct sCI branching ratios of the ozonolysis of medium size alkenes.
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1.7 The Role of the Epoxidation in Alkene Ozonolysis

This section explores whether Oz + Alkenes 1 & 5 can proceed via an epoxide + O reaction
channel and whether these competing epoxide channels have sufficient impact to warrant
further investigation . Prior experimental analysis suggests the collective epoxide
branchi ng #d fercsimplecaoyslic dkéhes are insignificant (<0. 006), but that
they contribute more significantly to the total reactive outcomes for conjugated dienes

such as 1,3-butadiene (0.023) and isoprene (0.039 + 0.011).°"% |f the anticipated Brueo
values for the ozonolysis of alkenes 1fi 20 are of the same range as isoprene, the analysis
in this chapter should include the relevant epoxide channels . The chemical structures of
Alkenes 1 & 5 and examples of the two types of epoxide channel explored in this study are
in Figure 3.29:

CH -0t _ ¥
HsC H /e L =0 P
/ o=c H S0 v
czc\ \ H, / ' \H H,Y l\\H
H H C—C (C (:V /,C/ C\
H H HaC H TR “H
Alkene 1 Alkene 5 TSprol TSpo?2

Figure 3.8: Chemical Structures of Alkenes 1 & 5 and Example Structures of Epoxidation Channels.

Given t he | ow ewvalpefor simpieradydid alkades, a full analysis of the
epoxide channels for all O 3 + mono-alkene reactions in this study are likely not necessary,
so this exploratory analysis is focused on O3 reaction with the simplest alkene, alkene 1,

to save computational cost. However, there is a prospect that the  greater epoxide yields

of conjugated dienes could also apply to other conjugated specie s, including the enones (a
type of unsaturated ketones) studied in this chapter. So O 3 + alkene 5 is also examined to
investigate whether enones are also more predisposed to reaction via the epoxide

channels. A previous theoretical study by Li et al. investigated various epoxidation
pathways in the Os; + 1,3-butadiene reaction, and these calculations produced two types of
mechanisms, which are referred to in this thesis as TS epol and TSpo2.%° Figure 3.29 shows
approximate templates for the Oz + alkene 1 reaction of both the TS epo1 channel, which
generates the epoxide from the raw reactants via a single TS structure, and the TS gpo2
channel, which is a POZ fragmentation me chanism. Both epoxide channels are investigated
for both Os; + Alkenes1 & 5 in this section and, unless otherwise stated, where there are

multiple participating TS structures only the lowest energy structure is displayed.
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1.7.1 Challenges with Determining the Energy of Epoxidation TS Structures
During this theoretical analysis of these epoxide pathways for O 3 + Alkenes1 & 5, it was

noted that the relative energies of the TS epostructures calculated using DFLCCSD(T)
F12/aug-cc-pVTZ were problematic, as sh own in Table below. This included large
differences in energy (sometimes >200 kJ mol ) between very similar TS gpoStructures for
both alkenes 1 & 5 without any discernible reason for such an energy disparity. The TS epo
2.2 & 2.3 structures for O 3 + alkenes 5 even yielded relative energies ( -153.1 & -152.2 kJ
mol™) lower than the relative energy of the epoxide + O » final products ( -138.54 kJ mol™?).
Many of these TSporelative energies were even lower than those recorded for O 3 + 1,3-

butadiene (33.5 & -13.4 kJ mol™), which are already favourable for an epoxide pathway.

Table 51: Examples of the variations in raw energies between DF -LCCSDT(TF12 and B3LYP/augcc-pVTZ for
the same epoxidation TS structures of Ozonolysis of Alkene 1 & 5.

i E (kJ mol™)
DFLCCSD(T) Difference in Relative
Alkene Method F12 B3LYP Energy Between Methods
TSoz01 3.9 11.6 -7.7
TSI -162.8 -155.0 -7.8
1 TS02 -154.1 -144.2 -9.9
TS&pPol.l 50.5 50.0 0.5
TSpP02.1 101.9 68.0 33.9
TSpP02.3 94.5 48.9 45.7
TS701.2 17.4 135 3.9
TSwm 2 -140.2 -134.5 -5.7
TS02.1 -139.0 -133.8 -5.2
5 TSpol.2 62.6 50.7 11.8
TS&pro2.1 -66.7 60.3 -127.0
TSpP02.2 -153.1 67.9 -221.0
TSpP02.3 -152.2 69.7 -221.9
Cepo2.1 -138.5 -108.8 -29.8

None of these faults were evident in the B3LYP/augcc-pVTZ energies, likely due to a
better representation of multi -reference character. Because of this, all TS epoenergies and
Utrovalues here in Section 3.6 are based upon B3LYP/augcc-pVTZ calculations. The data
in Table 6.8 provides only most severe examples of these challenging disparities in the
relative energy of the TS epostructure for O 3 + alkenes 1 & 5. The complete relative
energies of all TSepostructure calculated using both the DFRLCCSD(T)F12/aug-cc-pVTZand
the B3LYP/augcc-pVTZ methods in this chapter are found in Appendix 1.3.2.

1.7.2 Epoxidation During the Ozonolysis of Alkene 1 (CH 3CH=CH)
While epoxidation geometries identified in the theoretical study of O 3 + 1,3-butadiene by

Li et al . are used as a template for the TS epol & 2 structures in this study, the extra

conformational flexibility of 1,3 -butadiene produces overall larger numbers of TS epo
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structures than those seen for O 3 + alkene 1.% However, this additional conformational
flexibility causing an increase in the number of TSs per channel is simply a continuation of
the trend observed with both the cycloaddition and POZ fragmentation channels seen
earlier in this chapter. The epoxidation o f Alkene 1 by Os may compete with other
pathways: the direct reaction TSpol.1 & 1.2 mechanism competes with the cycloaddition
step (as illustrates using the lowest B3LYP/aug -cc-pVTZ energy structures in Figure 3.31),
and the TSepo2.11 2.4 structures with other POZ fragmentation channels. This means that
reviewing the role of the epoxidation process in  kme is just as important as reviewing the

overall epoxide + O2br anchi ng efigr acti on (W
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Figure 9: Schematic of the Lowest Energy (using B3LYP/augcc-pVTZ energies) TSpol & 2 Structures for O 3 +
Alkene 1.

In spite of the fact that the direct reaction TSpol barriers are lower in energy (42.6 to
50.0 kJ mol™) relative to the POZ fragmentation TSepo2 structures (48.9 to 74 .1 kJ mol ™),
Figure above shows that the TSzo01 & 2 mechanisms are much more favourable to
reactant uptake. This is confirmed by the ke [B3LYP] value for TSpol.1 & 1.2 having a
very small contribution (~ 7.04 x 1022 cm?® s?) to the overall kve [B3LYP] value (7.37 x 10*°
cm?® s?). The TSpo2 mechanisms (48.9 to 74.1 kJ mol™) are much higher compared to
other POZ fragmentation processes (-155.0 to -144.2 kJ mol™), which is reflected in the
low overall epoxide branching fra ction of Os; + Alkene 1 (Ukro[B3LYP] ~2.22x 10°%).

Overall, epoxide formation has very little role in the O 3 + alkene 1 reaction.

1.7.3 Epoxidation During the Ozonolysis of Alkene 5 (CH 3C(O)CH=CH))
Alkene 5 (Methyl Vinyl Ketone) is the simplest enone and so has anE- and Z- conformers

(similar to 1,3 -butadiene), which differ in energy by 0.63 kJ mol . This results in four
POZs, again similar to 1,3-butadiene. This leads to a large number of epoxidation

channels, the lowest of which are shown in Figure below.
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Figure 10: Limited PES comparing low energy ozonolysis and POZ decomposition pathways with lowest energy
epoxidation pathways.

Figure 3.32 displays the significant disparity in energy between the TS gpol (47.2 to 69.7 kJ
mol™) and TSoz0 (5.8 to 14.8 kJ mol ) or TSepo2 (59.4 to 105.5 kJ mol %) and the other POZ
breakdown pathways (-148.2 to -110.0 kJ mol™). These high barriers lead to a low kue
[TSero1] value (1.33 x 102 cm?® s) compared to the overall B3LYP kye value (1.83 x 10°°
cm?® sh). These high TSro1 barriers and similarly high TSepo?2 barriers for POZ
decomposition led to a similar low Ugrovalue for Alkene 5 (~ 7.25 x 10°®) to that of alkene

1 (2.22 x 10°®). Even the lowest energy TSrol and TSro2 structures for O 3 + Alkene 5
calculated for this chapter (see Figure 3.32) are much higher than those comparative
mechanism for Os; + 1,3-butadiene calculated in a computational study by Li etal. (33.5&
-134kImol®. To t he aut horUWsvalkerhaswet te degcaculated for O 3 +
1,3-butadiene and the low TSepcbarriers for O ;3 + 1,3-butadiene may help to explain the
non-negligible nature of its experimental  U¢rovalue of (~0.023). °"%8 However, despite the
fact that the >C=C< bonds in both alkene 5 and 1,3-butadiene are both part of conjugated
structures, the very low theoretical Ukpovalue for O3 + Alkene 5 suggests that ozonolysis of

enones may not share the same capacity to form epoxides as do some dienes.

One noteworthy observation that requires highlighting from comparing the different TS  gpo
structures for O 5 + Alkene 5 is that the steric interaction between the ozone group and the
substituent group does not wholly dictate energy differe nces, as shown with the unusually
low TSepol1l.4 & 2.4 barriers. The TSepol.4 & 2.4 structures, shown in Figure 3.33, have the
similar spatial arrangement of the ketone group and the >C=C< bond being ina Z-
orientation, in conjunction with the central oxyg en in the O3 inclined towards the
C(O)CH substituent group. These structures, along with TS ep02.8, have the orientations of

both the electronegative oxygen atom in the ketone group and the O 3 place them into a
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position where a mutual repulsion would be expected. This is the reason they are

described as having ounuswually | ow energieso.
E- orientation Z- orientation E- orientation Z- orientation
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Figure 11: Comparative epoxide subchannel structures, relative B3LYP energies and E - or Z- orientation of

alkene 5

If the spatial arrangement is altered slightly such as reverting the ketone group and the
>C=C< bond back to anE-orientation, such as for TSpol1l.3 & TSepo2.3 in Figure 3.33, a
significant increase in energy is also observed. In sections 3.4.3 & 3.5.4,the TS 0z02.1

structure in O 3 reactions with both alkenes 5 & 10, has a similar spatial arrangement for

the ketone group, the >C=C< bond and the Os, with a simil arly unusually low energy. This

low energy for TSoz02.1 is also removed if the orientation of any of these groups change.

1.7.4 Summary of epoxidation channel
In summary, whilst the conjugated system of the enone does lower the energy of the

epoxide pathways in some circumstances, neither Alkenes 1 or 5 have significant Ukro

values. Due to the very low Upovalues for Alkenes 1 & 5, this epoxide investigation has

not been pursued for Alkenes 2fi4 & 6fi 20. Despite this, it was important to include this

section of work due to the lack of information on the epoxidation pathways for enones. If

this study included either isoprene or 1,3 -butadiene, the epoxide channel would have

been included in the investigation of these alkenes due to their high global emission

profiles, such that even small branching fractions to these channels may have globally

significant impacts. *°°'%* To continue this area of study, a new computational approach

would have to be devised for deriving the energy of the epoxide channel because of the
difficulties with DF -LCCSD(TJF12/aug-cc-pVTZ highlighted earlier.
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2.1 Dipole -Dipole Capture ( kq-q) and Collision Limits ( kcow) Values

To calculate to d ipole-dipole capture (kq.q) and collision limit ( kcow) values some of the

following details on each reactant is required:

Table 52: Reactants Dipole moments (‘ , Debye), mass (& , amu), radii ( i, A) and C-O-O bond ratios

Dipole Moment Mass radii C=0-0 Bond
Reactant (H., Debye) (O, amu) (» A) Ratio
sCl 1 4.3104 46.005 3.209 1.078
sCl 2 4.6851 60.021 3.740 1.084
sCI 3 5.5323 60.021 4.254 1.093
sCl 4 5.4850 74.037 4.253 1.091
sCl 5 4.7113 63.996 3.257 1.113
sCl 6 3.9510 63.996 3.448 1.136
sCl 7 4.0421 81.987 3.476 1.164
sCI 8 4.2093 79.967 3.235 1.082
sCl 9 4.1271 79.967 3.823 1.104
sCI 10 3.9977 113.928 3.831 1.093
sCl 11 5.4178 122.037 6.285 1.075
sCl 12 6.3965 122.037 7.414 1.084
sCIl 13 5.6440 86.037 5.264 1.065
sCl 14 5.0100 86.037 5.345 1.075
sCl 15 5.5702 86.037 5.630 1.076
sCl 16 5.5004 86.037 5.675 1.079
sCl 17 5.6349 86.037 4.730 1.070
sCl 18 4.8779 86.037 5.531 1.069
sCl 19 4.8961 86.037 4.999 1.078
sCI 20 4.7638 86.037 5.006 1.065
sCl 21 8.0393 70.005 4.635 1.186
sCl 22 9.2676 104.011 5.314 1.174
sCl 23 3.4822 113.993 4.082 1.064
sCl 24 2.5055 113.993 4.418 1.071
sCIl 25 3.016 131.983 4.099 1.114
sCl 26 2.9299 131.983 4.447 1.101
MeOH 1.6556 32.026 2.829 N/A
EtOH 1.7078 46.042 3.3930 N/A
iPrOH 1.6365 60.058 4.3070 N/A




2.1.1 Gascollision limit  (kcovy)

Table 53: The Gas-Collision Limits for all sCI + alcohol reactions in this study at a variety of temperatures.

Reaction Collision Limit (10 *° cm® s?)

T (K) 200 275 298.15 325 400

sCl 1 +MeOH 1.36 1.59 1.66 1.73 1.92
sCl 1 +EtOH 1.47 1.72 1.79 1.87 2.08

sCl 1 +iPrOH 1.79 2.10 2.18 2.28 2.53
sCl 2 +MeOH 1.53 1.79 1.86 1.95 2.16
sCl 3 +MeOH 1.77 2.08 2.17 2.26 2.51
sCl 4 +MeOH 1.71 2.01 2.09 2.19 2.42
sCl 5 +MeOH 1.30 1.52 1.58 1.65 1.83
sCl 6 +MeOH 1.38 1.62 1.68 1.76 1.95
sCl 7 +MeOH 1.34 1.57 1.63 1.71 1.89
sCl 8 +MeOH 1.24 1.46 1.52 1.58 1.76
sCl 9 +MeOH 1.50 1.75 1.83 1.91 2.11
sCl 10 +MeOH 1.43 1.68 1.75 1.83 2.03
sCl 11 +MeOH 2.67 3.13 3.25 3.40 3.77
sCl 11 +EtOH 2.62 3.07 3.20 3.34 3.70
sCl 11 +iPrOH 2.86 3.35 3.49 3.64 4.04
sCl 12 +MeOH 3.37 3.95 4.11 4.29 4.76
sCl 12 +EtOH 3.26 3.83 3.99 4.16 4.62
sCl 12 +iPrOH 3.50 4.10 4.27 4.46 4.95
sCl 13 +MeOH 2.19 2.57 2.68 2.79 3.10
sCl 14 +MeOH 2.24 2.62 2.73 2.85 3.16
sCl 15 +MeOH 2.39 2.81 2.92 3.05 3.39
sCl 16 +MeOH 2.42 2.84 2.95 3.08 3.42
sCl 17 +MeOH 1.91 2.24 2.33 2.44 2.70
sCl 18 +MeOH 2.34 2.74 2.85 2.98 3.31
sCl 19 +MeOH 2.05 2.40 2.50 2.61 2.90
sCl 20 +MeOH 2.05 2.41 2.51 2.62 2.90
sCl 21 +MeOH 1.92 2.25 2.35 2.45 2.72
sCl 22 +MeOH 2.17 2.54 2.64 2.76 3.06
sCl 23 +MeOH 1.54 1.81 1.88 1.97 2.18
sCl 24 +MeOH 1.70 1.99 2.07 2.16 2.40
sCIl 25 +MeOH 1.53 1.79 1.87 1.95 2.16
sCl 26 +MeOH 1.69 1.98 2.06 2.15 2.38




2.1.2 Isotropic Dipole -Dipole Capture Limit Values

Table 54 Isotropic Dipole -Dipole Capture Limit s for all sCI + alcohol reactions in this study at a variety of
temperatures.

Reaction Isotropic Kg.q (1071° cm?® s?)
T (K) 200 275 208.15 325 400

sCl 1 +MeOH 8.71 8.26 8.15 8.03 7.76
sCl 1 +EtOH 8.05 7.64 7.53 7.43 7.17
sCl 1 +iPrOH 7.36 6.98 6.88 6.78 6.55
sCl 2 +MeOH 8.75 8.30 8.19 8.07 7.80
sCl 3 +MeOH 9.78 9.27 9.15 9.02 8.71
sCl 4 +MeOH 9.40 8.91 8.79 8.67 8.37
sCl 5 +MeOH 8.69 8.24 8.13 8.01 7.74
sCl 6 +MeOH 7.73 7.33 7.23 7.13 6.88
sCl 7 +MeOH 7.55 7.16 7.07 6.97 6.73
sCl 8 +MeOH 7.79 7.39 7.29 7.18 6.94
sCl 9 +MeOH 7.69 7.29 7.19 7.09 6.85
sCl 10 +MeOH 7.20 6.82 6.73 6.64 6.41
sCl 11 +MeOH 8.75 8.30 8.19 8.07 7.79
sCl 11 +EtOH 7.78 7.38 7.28 7.18 6.93
sCl 11 +iPrOH 6.89 6.54 6.45 6.36 6.14
sCl 12 +MeOH 9.77 9.27 9.14 9.01 8.71
sCl 12 +EtOH 8.69 8.24 8.13 8.02 7.74
sCl 12 +iPrOH 7.70 7.30 7.20 7.10 6.86
sCl 13 +MeOH 9.37 8.89 8.77 8.65 8.35
sCl 14 +MeOH 8.66 8.21 8.10 7.98 7.71
sCl 15 +MeOH 9.29 8.81 8.69 8.57 8.28
sCl 16 +MeOH 9.21 8.74 8.62 8.50 8.21
sCl 17 +MeOH 9.36 8.88 8.76 8.64 8.34
sCl 18 +MeOH 8.51 8.07 7.96 7.84 7.58
sCl 19 +MeOH 8.53 8.09 7.98 7.86 7.60
sCl 20 +MeOH 8.37 7.94 7.83 7.72 7.46
sCl 21 +MeOH 12.23 11.60 11.44 11.28 10.90
sCl 22 +MeOH 12.74 12.08 11.92 11.75 11.35
sCl 23 +MeOH 6.56 6.22 6.14 6.05 5.85
sCl 24 +MeOH 5.27 5.00 4.93 4.86 4.70
sCl 25 +MeOH 5.87 5.57 5.50 5.42 5.23
sCl 26 +MeOH 5.76 5.46 5.39 5.31 5.13




2.1.3 Adiabatic Anisotropic Dipole-Dipole Capture Limit Values

Table 55: Adiabatic anisotropic Dipole -Dipole Capture Limit s for all sCI + alcohol reactions in this study at a
variety of temperatures.

Reaction Adiabatic anisotropic Isotropic  Kg.q (107*° cm?® s?)

T (K) 200 275 298.15 325 400

sCl 1 +MeOH 5.72 5.42 5.35 5.27 5.10
sCl 1 +EtOH 5.29 5.02 4.95 4.88 4,71

sCl 1 +iPrOH 4.83 4.58 4.52 4.46 4.30
sCl 2 +MeOH 5.75 5.45 5.38 5.30 5.12
sCl 3 +MeOH 6.42 6.09 6.01 5.92 5.72
sCl 4 +MeOH 6.17 5.85 5.78 5.69 5.50
sCl 5 +MeOH 5.71 5.41 5.34 5.26 5.09
sCl 6 +MeOH 5.08 4.81 4.75 4.68 452
sCl 7 +MeOH 4.96 4,71 4.64 4.58 4.42
sCl 8 +MeOH 5.12 4.85 4,79 4,72 4.56
sCl 9 +MeOH 5.05 4,79 4,72 4.66 4.50
sCl 10 +MeOH 4,73 4.48 4.42 4.36 4.21
sCl 11 +MeOH 5.75 5.45 5.38 5.30 5.12
sCl 11 +EtOH 5.11 4.85 4,78 4,71 4.55
sCl 11 +iPrOH 5.71 5.41 5.34 5.27 5.09
sCl 12 +MeOH 6.42 6.09 6.01 5.92 5.72
sCl 12 +EtOH 4.53 4.29 4.24 4.18 4.03
sCl 12 +iPrOH 5.06 4.80 4,73 4.66 451
sCl 12 +MeOH 6.16 5.84 5.76 5.68 5.49
sCl 13 +MeOH 5.69 5.39 5.32 5.25 5.07
sCl 14 +MeOH 6.10 5.79 5.71 5.63 5.44
sCl 15 +MeOH 6.05 5.74 5.66 5.58 5.39
sCl 16 +MeOH 6.15 5.83 5.75 5.67 5.48
sCl 17 +MeOH 5.59 5.30 5.23 5.15 4.98
sCl 18 +MeOH 5.60 5.31 5.24 5.17 4.99
sCl 19 +MeOH 5.50 5.21 5.15 5.07 4.90
sCl 20 +MeOH 8.03 7.62 7.52 7.41 7.16
sCl 21 +MeOH 8.37 7.93 7.83 7.72 7.45
sCl 22 +MeOH 6.16 5.84 5.76 5.68 5.49
sCl 23 +MeOH 4.31 4.09 4.03 3.98 3.84
sCl 24 +MeOH 3.46 3.28 3.24 3.19 3.08
sCl 25 +MeOH 3.86 3.66 3.61 3.56 3.44
sCl 26 +MeOH 3.78 3.59 3.54 3.49 3.37




2.1.4 Non-Adiabatic anisotropic Dipole-Dipole Capture Limit Values

Table 56: Non-Adiabatic anisotropic Dipole -Dipole Capture Limit s for all sCI + alcohol reactions in this study
at a variety of temperatures.

Reaction Non-Adiabatic anisotropic k¢.4 (10° cm?® s?)

T (K) 200 275 298.15 325 400

sCl 1 +MeOH 4.17 3.95 3.90 3.84 3.71
sCl 1 +EtOH 3.85 3.66 3.61 3.55 3.43

sCl 1 +iPrOH 3.52 3.34 3.29 3.25 3.14
sCl 2 +MeOH 4.19 3.97 3.92 3.86 3.73
sCl 3 +MeOH 4.68 4.44 4.38 4.32 4.17
sCl 4 +MeOH 4.50 4.27 4.21 4.15 4.01
sCl 5 +MeOH 4.16 3.94 3.89 3.84 3.71
sCl 6 +MeOH 3.70 3.51 3.46 3.41 3.30
sCl 7 +MeOH 3.62 3.43 3.38 3.33 3.22
sCl 8 +MeOH 3.73 3.54 3.49 3.44 3.32
sCl 9 +MeOH 3.68 3.49 3.44 3.39 3.28
sCl 10 +MeOH 3.44 3.27 3.22 3.18 3.07
sCl 11 +MeOH 4.19 3.97 3.92 3.86 3.73
sCl 11 +EtOH 3.72 3.53 3.48 3.44 3.32
sCl 11 +iPrOH 3.30 3.13 3.09 3.04 2.94
sCl 12 +MeOH 4.19 3.97 3.92 3.86 3.73
sCl 12 +EtOH 4,16 3.95 3.89 3.84 3.71
sCl 12 +iPrOH 3.69 3.49 3.45 3.40 3.28
sCl 13 +MeOH 4.49 4.26 4.20 4.14 4.00
sCl 14 +MeOH 4,14 3.93 3.88 3.82 3.69
sCl 15 +MeOH 4.45 4.22 4,16 4.10 3.96
sCl 16 +MeOH 4.41 4.18 4.13 4.07 3.93
sCl 17 +MeOH 4.48 4.25 4.19 4.13 3.99
sCl 18 +MeOH 4.07 3.86 3.81 3.75 3.63
sCl 19 +MeOH 4.08 3.87 3.82 3.76 3.64
sCl 20 +MeOH 4.01 3.80 3.75 3.70 3.57
sCl 21 +MeOH 5.85 5.55 5.48 5.40 5.22
sCl 22 +MeOH 6.10 5.78 5.70 5.62 5.43
sCl 23 +MeOH 3.14 2.98 2.94 2.90 2.80
sCl 24 +MeOH 2.52 2.39 2.36 2.33 2.25
sCIl 25 +MeOH 2.81 2.67 2.63 2.59 2.51
sCl 26 +MeOH 2.76 2.62 2.58 2.54 2.46




2.2 Rate Constants

2.2.1 Conventional Transition State Theory Rate Constants ( krsT)

Table 57: Calculated values for Cls reactions with various alcohols at 298.15K of equilibrium constant (K = ¢q in
cmd), tunnelling constant, Reckart, Unimolecular rate constant k ; [s],rate constant per channel krs[cm? s?1] and
the overall rate constant [cm 2 s1], effective tunnelling  contribution [Reontr. =1 (0 X Reckart J]; VHP channels are

bold and italics

#ClI AlCOhOI #TS Keq pEckart k2 I(TS b ktotal bcontri
TS1 268x102 | 1.10 322x10° | 945x10% | 0.81 »

1 MeOH = =55 2.68 x 1021 | 1.10 75710 | 223x10% | o019 | -1/ *10% | 110
TS11 1.34x 1021 | 1.08 201 %100 | 2.92x10% | 0.47
TS1.2 3.04x 1028 | 1.09 767x10° | 254 x10% | 0.41

1 EtOH | TS1.3 133x 1020 | 1.11 537 x10° | 8.02x10%® | 001 | 6.17 x 10% | 1.09
TS2.1 581 x 102 | 1.09 526 x10° | 3.32x10%° | 0.05
TS2.2 3.04x 1022 | 1.10 8.95x 10° | 2.99 x 105 | 0.05
TS1.1 2.02x 102 | 1.08 3.00 x 10° | 6.55 x 1015 | 0.54
TS1.2 2.02x102% | 1.11 235x10° | 529 x 10 | 0.04

1 iProH | TS1.3 6.62 x 102 | 1.09 142x10° | 1.03x 10 | 0.08 | 1.21 x 10% | 1.08
TS2.1 2.02x102 | 1.08 1.74x10° | 3.81x10% | 0.31
TS2.2 202x102% | 1.12 1.06 x 10° | 2.39x 106 | 0.02
TSTAAAH | 1.30 x 102 | 1.17 11x10° | 1.77x107 | 0.92 117
TS2AAAH | 1.30 x 102 | 1.22 312x 107 | 498x10° | 0.03 25.32

17 :

2 MeOH  =sivAP | 1.30x10 2 | 27.74 | 8.97 324x10° | 002 | 13X 10° | overall

TS2VHP | 1.30x 10 2 | 2429 | 243 7.69x10° | 0.04 £ 2.54
Unimolecular decomposition 58.98 1.76 102 1.00 102 58.98

TS1 236x102° | 1.16 560 x 100 | 1.54 x 102 | 0.73 n

3 MeOH = =55 236x1020 | 1.17 202x100 | 555 x 108 | o027 | 209107 | 1.16
TSIAAAH | 8.94x 1028 | 1.35 4.45x 10° | 5.39 x 106 | 0.95 136
TS2AAAH | 894 x 102 | 1.43 187 x10° | 2.38 x 1017 | 0.04 . | 37.32

4 | MeOH FogiviP | 804x102 | 4113 | 6.95 256x10 18 | <0.01 | 2% X107 | overall
TS2-VHP | 8.94x102' | 34.32 | 10.6 3.25x 10 % | 0.01 :1.72

Unimolecular decomposition 45.47 7.48 340 1.00 340 45.47

TS1 2.06 x 102 | 1.07 107 x10° | 2.35x 10 | 0.31 I

5 MeOH o7 2.06 x 102 | 1.07 239x10° | 526 x10° | 069 | (02*107 | 1.07
TS1 6.98 x 1020 | 1.02 8.98 x1® | 6.41x 100 | 0.74 »

6 MeOH o7 6.98 x 1020 | 1.03 313x10° | 2.25x1010 | 026 | :06x107 | 1.02

7 MeOH | TS 400x102 |1 479 x 10" | 1.96 x 10° | 1.0 1.96 x 10° | 1.0
TS1 457x102 | 1.13 142 x10° | 7.32x10® | 0.66 =

8 MeOH = =55 457x102 | 1.13 717x10° | 371x10% | 034 | -10x107 | 113
TS1 114 x 1020 | 1.09 472x10° | 5.88x 102 | 0.90 >

9 MeOH = =55 1.14x 102 | 1.10 492100 | 617 x10% [ 010 | 0-°0* 107 | 1.09
TS1 8.00 x 102 | 1.12 234x10° | 2.10x10% | 0.87 s

10| MeOH 75 8.00 x 102 | 1.13 333x10° | 301x10% | o013 | >40x107 112
TS1 1.61x 1021 | 1.29 855x 10° | 1.78 x 1027 | 0.44 =

11| MeOH =5 516 x 1022 | 1.42 3.05x 100 | 223 x1077 | 056 | 01 x107 | 136
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TS1.1 3.99 x 1022 1.28 6.68 x 10* 3.43 x 107 0.35
TS1.2 5.07 x 1022 1.24 6.56 x 10¢ 2.87 x 1017 0.29
11 EtOH TS1.3 8.42 x 10?2 1.29 5.20 x 1(? 5.64 x 101° 0.01 9.79 x 1017 | 1.31
TS2.1 5.07 x 1022 1.33 2.00 x 10* 1.35 x 1017 0.14
TS2.2 3.99 x 1022 1.45 3.60 x 10¢ 2.08 x 1017 0.21
TS1.1 7.64 x 1022 1.23 4,96 x 10 4,68 x 107 0.62
TS1.2 2.77 x 1022 1.31 4,14 x 10° 1.50 x 1018 0.02
11 iPrOH TS1.3 1.18 x 1021 1.24 986 1.44 x 1018 0.02 7.51x 1017 | 1.29
TS2.1 2.77 x 1022 1.38 6.60 x 10* 2.52 x 1017 0.34
TS2.2 7.64 x 1022 1.61 74.6 9.19 x102%° <0.01
12 MeOH TS1 6.14 x 1021 1.54 1.67 x10® 1.58 x 1012 0.91 1.72 x 1012 | 1.54
TS2 6.14 x 1021 1.54 1.56 x 107 1.48 x 1013 0.09
12 EtOH TS1.1 1.41 x 102 1.65 9.94 x107 2.31 x 1012 0.35 6.51 x 1012 | 1.53
TS1.2 5.57 x 102 1.46 4.89 x 10° 3.99 x 1012 0.61
TS2.1 5.57 x 102 1.47 1.20 x 107 9.81 x 1014 0.02
TS2.2 1.41 x 1020 1.64 4.89 x 10° 1.13 x 1013 0.02
12 iPrOH TS1.1 9.10 x 10! 1.62 1.41 x 108 2.08 x 102 0.84 2.48 x 1012 | 1.63
TS1.2 9.10 x 1021 2.53 1.53 x 10° 3.563 x 104 0.01
TS2.1 9.10 x 101 1.58 2.52 x 107 3.63 x 1013 0.15
TS2.2 9.10 x 1021 2.08 4.96 x 10° 9.38 x 1015 <0.01
13 MeOH TSEAAAH | 2.24 x 1022 2.13 8.15 x10° 3.90 x 1018 0.96 4.08 x 1018 | 2.14
TS2AAAH | 2.24 x 1022 2.34 2.63 x 1% 1.38 x 1019 0.03 46.83
TSEVHP [ 224x1022 [ 947 [3.74x 10% |7.95x102* | <0.01 Overall:
9 2.58
TS2VHP 2.24x102 | 46.8 3.85 4.04x10-%0 | 0.01
2
Unimolecular decomposition 72.30 | 0.312 22.6 1.00 22.6 72.30
14 MeOH TSEAAAH | 2.45 x 1022 1.84 7.97 x 10¢ 3.60 x 107 0.98 3.68 x 107 | 1.85
TS2AAAH | 2.45 x 1022 2.44 9.40 x 1(? 5.62 x 101° 0.02 35.66
TSTVHP | 245x1022 [40.2 |8.55 8.43x 102 [ <0.01 Overall:
2 2.09
TS2VHP 2.45%x1022 | 33.4 21.5 1.77 x101° | <0.01
8
Unimolecular decomposition 71.77 | 0.301 21.6 1.00 21.6 71.77
15 MeOH TS1 1.88 x 1020 1.87 2.88 x 10° 1.01 x 1018 0.63 1.61 x 1013 | 1.75
TS2 1.88 x 1020 1.56 2.05 x 10° 5.99 x 104 0.37
16 MeOH TS1 1.80 x 1021 1.38 1.94 x 108 4.83 x 1013 0.95 5.10 x 1013 | 1.39
TS2 1.80 x 1021 1.52 9.92 x 10° 2.72 x 1014 0.05
17 MeOH TS1 7.55 x 1021 1.86 6.32 x 10* 8.86 x 1016 0.55 1.60 x 1015 | 2.14
TS2 7.55 x 1021 2.50 3.79 x 10¢ 7.15 x 1016 0.45
18 MeOH TS1 6.11 x 1022 1.50 3.52 x 10* 3.22 x 107 0.83 3.87 x 107 | 1.55
TS2 6.11 x 1022 1.81 5.82 x 10° 6.46 x 1018 0.17
19 MeOH TS1 3.31x10% 1.29 491 x 10* 2.09 x 1016 0.56 3.75 x 101 | 1.37
TS2 3.31x10% 1.47 3.44 x 10¢ 1.67 x 1016 0.44
20 MeOH TS1 4,94 x 1022 1.26 7.27 x 10° 4,53 x 1018 0.94 4,81 x 1018 | 1.28
TS2 4,94 x 1022 1.58 3.60 x 10° 2.80 x 1019 0.06
21 MeOH TS1 3.89 x 107 1.53 4.43 x 10° 2.63 x 1010 0.73 3.59 x 1010 | 1.49
TS2 3.89 x 107 1.39 1.77 x 108 9.58 x 1011 0.27
22 MeOH TS1 7.35 x 1018 1.40 4.06 x 10° 4.19 x 108 >0.99 | 4.20 x 108 1.40
TS2 7.35 x 1018 1.66 9.40 x 10° 1.15 x 1010 <0.01
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2.2.2 Temperature -Dependent Graphs
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Figure 13: Table of temperature inversions at different pressures of both experimental and theoretical rate
constants of HCHOO + MeOH/EtOH and (C§.COO + MeOHConventional transition state theory rate

constants used where possible at 760 Torr, otherwise Master Eq uation Rate constants are used.
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2.2.3 Temperature -Dependent krst Values

Table 58: sCl1 + MeOH rate components at 1 atm at different temperatures: equilibrium constant (K
), tunnelling constant, Reckart,, Unimolecular rate constant (k 2 in s), rate constant per channel (K ot [cM® S

1), the overall rate constant (k wta [cm? s1]), effective tunnelling contribution

[Pcontr. = 1(G X Peckart )]

eqin cm?

Keq k2 ks Ktotal
T (K) #TS (cm3) pEckart (S'l) (cm3 S_l) (cm3 Sl) bcontr.
TS1 4.89 x 107%° 1.23 3.87 x 10° 2.32 x 10 »
200 =55 4.89 x 1019 1.05 412 x 10° 252 x 1075 2.58 x 10 1.23
TS1 2.26 x 1019 1.20 7.40 x 10* 2.01 x 1014
14
210 TS2 2.26 x 1019 1.22 8.84 x 103 2.44 x 1015 226 x 10 1.21
TS1 1.12 x 101 1.18 1.33 x 10° 1.77 x 1014
220 2.01 x 1014 1.19
TS2 1.12 x 1010 1.20 1.76 x 10* 2.38 x 1015
TS1 8.14 x 1020 1.18 1.75 x 10° 1.67 x 1014
225 1.91 x 1014 1.18
TS2 8.14 x 1020 1.19 2.43 x 10¢ 2.35 x 1015
TS1 5.97 x 1020 1.17 2.27 x 10° 1.58 x 1014
230 1.82 x 1014 1.17
TS2 5.97 x 1020 1.18 3.31 x 10* 2.33x 10715
TS1 3.36 x 1020 1.15 3.70 x 10° 1.43 x 1014
240 1.66 x 1014 1.15
TS2 3.36 x 1020 1.16 5.88 x 10* 2.30 x 1015
TS1 1.98 x 1020 1.14 5.79 x 10° 1.31 x 1014
250 1.53 x 1014 1.14
TS2 1.98 x 1020 1.15 9.96 x 10* 2.27 x 1015
TS1 1.22 x 1020 1.13 8.74 x 10° 1.21 x 1014
260 1.43 x 1014 1.13
TS2 1.22 x 102 1.14 1.62 x 10° 2.25 x 1015
TS1 7.84 x 1021 1.12 1.28 x 108 1.12 x 1014
270 1.34 x 1014 1.12
TS2 7.84 x 1021 1.13 2.53 x 10° 2.24 x 1015
TS1 6.37 x 1021 1.11 1.53 x 108 1.08 x 1014
275 1.31 x 1014 1.12
TS2 6.37 x 1021 1.12 3.13 x 10° 2.24 x 1015
TS1 5.21 x 102 1.11 1.81 x 108 1.04 x 1014
280 1.27 x 1014 1.11
TS2 5.21 x 1022 1.12 3.84 x 10° 2.23 x 1015
TS1 3.57 x10% 1.10 2.51 x 108 9.88 x 1015
290 1.21 x 1014 1.10
TS2 3.57 x 1022 1.11 5.64 x 10° 2.33 x 1015
TS1 2.68 x 1021 1.10 3.22 x 108 9.45 x 1015
298.15 1.17 x 1014 1.10
TS2 2.68 x 1021 1.10 7.57 x 10° 2.23 x 1015
21 15
310 TS1 1.81 x 10 1.09 452 x 10° 8.92 x 10 112 x 1014 1.09
TS2 1.81 x 102 1.10 1.13 x 10° 2.24 x 1075
21 15
320 TS1 1.34 x 10 1.08 5.88 x 108 8.54 x 10 1.08 x 1014 1.08
TS2 1.34 x 1021 1.09 1.54 x 108 2.25 x 1015
TS1 1.16 x 1021 1.08 6.67 x 10° 8.36 x 1015
325 1.06 x 1014 1.08
TS2 1.16 x 1021 1.09 1.79 x 10° 2.26 x 1015
TS1 1.01 x 102* 1.08 7.54 x 10° 8.20 x 1015
330 1.05 x 1014 1.08
TS2 1.01 x 1021 1.08 2.07 x 108 2.26 x 1015
TS1 7.76 x 1022 1.07 9.50 x 10° 7.91 x 101
340 1.02 x 1014 1.07
TS2 7.76 x 1022 1.08 2.72 x 108 2.28 x 1015
TS1 6.07 x 1022 1.07 1.18 x 107 7.66 x 1015 1.07
350 1.01 x 1014 :
TS2 6.07 x 1022 1.07 3.78 x 10° 2.46 x 101
375 TS1 3.49 x 1022 1.06 1.93 x 107 7.16 x 1015 9.51 x 1015
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1.06

TS2 3.49 x 1022 1.06 6.32 x 10° 2.35 x 1015

TS1 2.18 x 1022 1.05 2.96 x 107 6.79 x 105 105
400 9.21 x 105 :

TS2 2.18 x 102 1.06 1.05 x 107 2.42 x 1015

TS1 1.45 x 1022 1.05 4.31 x 107 6.53 x 1015 1.05
425 9.02 x 10°° :

TS2 1.45 x 1022 1.05 1.64 x 107 2.49 x 1015

TS1 1.02 x 1022 1.04 5.99 x 107 6.34 x 101 104
450 8.92 x 10°° :

TS2 1.02 x 102 1.04 2.43 x 107 2.58 x 10°1°

TS1 7.46 x 102 1.04 8.03 x 107 6.21 x 1015 1.04
475 8.89 x 10°° :

TS2 7.46 x 1023 1.04 3.45 x 107 2.67 x 1015

TS1 5.68 x 1023 1.03 1.04 x 108 6.13 x 101° 103
500 8.90 x 101 '

TS2 5.68 x 1023 1.04 4.72 x 107 2.77 x 105
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Table 59: CI1 + EtOH rate components at 1 atm at different temperatures: equilibrium constant (K

molec™), tunnelling constant,

eq in cM3

Reckart, , Unimolecular rate constant (k ; in s, rate constant per channel (K total

[cm® molec™? s1]), the overall rate constant (k wta [cM® molec? s1]), effective tunnelling contribution  [Peontr. =

(0% Peckart )];

T (K) #TS ( CIT%%) PEckart (|S(21) (Cnlgss,l) (Crkraostalsl) Peontr.
TS1.1 2.31 x 169 1.19 4.49 x 10° 1.24 x 163
TS1.2 5.52 x 169 1.22 1.69 x 10° 1.13 x 163

200 TS1.3 2.31 x 169 1.28 2.09 x 10° 6.17 x 166 2.46 x 163 1.20
TS2.1 5.63 x 160 1.20 6.69 x 10* 4.53 x 165
TS2.2 5.51 x 169 1.23 6.01 x 10° 4.09 x 165
TS1.1 1.08 x 101° 1.17 7.84 x 10° 9.89 x 1014
TS1.2 2.55 x 101° 1.19 2.96 x 10° 9.00 x 1014

210 TS1.3 1.08 x 101° 1.25 4,71 x 10° 6.32 x 1016 1.98 x 1013 1.18
TS2.1 2.85 x 1020 1.18 1.27 x 10° 4,28 x 1015
TS2.2 2.55 x 101° 1.21 1.25 x 10* 3.86 x 1015
TS1.1 5.40 x 1020 1.16 1.30 x 10° 8.11 x 104
TS1.2 1.27 x 101° 1.17 4,91 x 10° 7.33 x 1014

220 TS1.3 5.40 x 1020 1.22 9.82 x 10° 6.48 x 1016 1.63 x 1013 1.17
TS2.1 1.54 x 1020 1.17 2.27 x 10° 4.07 x 1015
TS2.2 1.27 x 101° 1.19 243 x 10¢ 3.66 x 1015
TS1.1 3.92 x 160 1.15 1.65 x 10° 7.40 x 164
TS1.2 9.20 x 160 1.17 6.21 x 10° 6.67 x 164

225 TS1.3 3.92 x 160 1.21 1.38 x 10* 6.56 x 166 1.49 x 163 1.16
TS2.1 1.16 x 160 1.16 2.97 x 10° 3.98 x 165
TS2.2 9.19 x 160 1.18 3.30 x 10* 3.58 x 165
TS1.1 2.89 x 1020 1.14 2.06 x 10° 6.78 x 1014
TS1.2 6.75 x 1020 1.16 7.79 x 10° 6.09 x 1014

230 TS1.3 2.89 x 1020 1.20 1.92 x 10¢ 6.65 x 1016 1.37 x 1013 1.15
TS2.1 8.82 x 1021 1.15 3.84 x 1P 3.90 x 1015
TS2.2 6.75 x 1020 1.17 4.44 x 10¢ 3.51 x 1015
TS1.1 1.63 x 1020 1.13 3.13 x 10° 5.78 x 1014
TS1.2 3.80 x 1020 1.14 1.19 x 10° 5.16 x 104

240 TS1.3 1.63 x 1020 1.18 3.54 x 10¢ 6.83 x 1016 1.17 x 1018 1.14
TS2.1 5.32 x 1021 1.14 6.22 x 10° 3.76 x 1015
TS2.2 3.80 x 1020 1.16 7.70 x 10¢ 3.38 x 10%°
TS1.1 9.70 x 161 1.12 4.61 x 10° 4.99 x 164
TS1.2 2.24 x 169 1.13 1.75 x 10° 4.44 x 164

250 TS1.3 9.70 x 161 1.17 6.20 x 10* 7.02 x 166 1.02 x 163 1.13
TS2.1 3.35 x 161 1.13 9.67 x 10° 3.64 x 165
TS2.2 2.24 x 169 1.14 1.28 x 10° 3.28 x 165
TS1.1 6.02 x 1021 1.11 6.56 x 10° 4.38 x 104
TS1.2 1.39 x 1020 1.12 2.49 x 10° 3.87 x 104

260 8.99 x 104 1.12
TS1.3 6.02 x 101 1.15 1.04 x 10° 7.21 x 1016
TS2.1 2.19 x 102 1.12 1.45 x 10° 3.55 x 1015
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TS2.2 1.38 x 1020 1.13 2.04 x 10° 3.19 x 1015
TS1.1 3.88 x 10! 1.10 9.09 x 10° 3.88 x 104
TS1.2 8.89 x 102! 111 3.45 x 10° 3.42 x 101
270 TS1.3 3.88 x 1021 1.14 1.68 x 10° 7.42 x 1016 8.03 x 1014 111
TS2.1 1.49 x 1021 1.11 2.11 x 10° 3.47 x 101
TS2.2 8.89 x 102! 1.12 3.13 x 10° 3.12 x 1015
TS1.1 3.16 x 161 1.10 1.06 x 107 3.67 x 164
TS1.2 7.22 x 161 111 4.03 x 10° 3.22 x 164
275 TS1.3 3.16 x 161 1.14 2.10 x 10° 7.52 x 166 7.66 x 164 1.10
TS2.1 1.24 x 161 1.10 2.52 x 10° 3.44 x 165
TS2.2 7.22 x 161 1.12 4.28 x 10° 3.45 x 165
TS1.1 2.59 x 102 1.09 1.23 x 107 3.48 x 104
TS1.2 5.91 x 102! 1.10 4.68 x 10° 3.05 x 104
280 TS1.3 2.59 x 102 1.13 2.61 x 10° 7.63 x 1016 7.25 % 1014 1.10
TS2.1 1.04 x 1021 1.10 2.98 x 10° 3.41x 10
TS2.2 5.91 x 102! 111 4.66 x 10° 3.06 x 1015
TS1.1 1.78 x 102 1.09 1.63 x 107 3.15 x 10
TS1.2 4.05 x 102! 1.10 6.19 x 10° 2.75 x 1014
290 TS1.3 1.78 x 102 112 3.93 x 10° 7.84 x 1016 6.61 x 104 1.09
TS2.1 7.47 x 1022 1.09 4.12 x 10° 3.36 x 1015
TS2.2 4.05 x 102! 1.10 6.75 x 10° 3.02 x 10%
TS1.1 1.34 x 161 1.08 2.01 x 107 2.92 x 164
TS1.2 3.04 x 161 1.09 7.67 x 10° 2.54 x 164
298.15 | TS1.3 1.34 x 161 111 5.37 x 10° 8.02 x 166 6.17 x 164 1.09
TS2.1 5.81 x 162 1.09 5.26 x 10° 3.32 x 165
TS2.2 3.04 x 161 1.10 8.95 x 10° 2.99 x 165
TS1.1 9.13 x 1022 1.07 2.69 x 107 2.64 x 1014
TS1.2 2.06 x 102! 1.08 1.03 x 107 2.29 x 1014
310 TS1.3 9.13 x 102 111 8.22 x 10° 8.29 x 1016 5.64 x 1014 1.08
TS2.1 4.15 x 1022 1.08 7.33 x 10° 3.28 x 1015
TS2.2 2.06 x 102 1.09 1.31 x 10° 2.95 x 1015
TS1.1 6.76 x 1022 1.07 3.38 x 107 2.44 x 1014
TS1.2 1.52 x 102 1.08 1.29 x 107 2.11 x 1014
320 TS1.3 6.76 x 1022 1.10 1.15 x 10° 8.52 x 1016 5.26 x 1014 1.08
TS2.1 3.19 x 1022 1.07 9.52 x 10° 3.26 x 1015
TS2.2 1.52 x 102 1.08 1.77 x 10° 2.93 x 1015
TS1.1 5.87 x 162 1.07 3.76 x 107 2.36 x 164
TS1.2 1.32 x 161 1.08 1.43 x 107 2.04 x 164
325 TS1.3 5.87 x 16?2 1.10 1.34 x 10° 8.64 x1016 5.10 x 164 1.07
TS2.1 2.81 x 162 1.07 1.08 x 107 3.25 x 165
TS2.2 1.32 x 161 1.08 2.05 x 10f 2,92 x 165
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TS1.1 5.12 x 102 1.07 | 4.17 x 107 2.28 x 1044
TS1.2 1.15 x 102 1.07 | 1.59 x 107 1.96 x 1014
330 | TS1.3 5.12 x 1022 1.09 | 1.57x 108 8.76 x 1016 4.94 x 10 1.07
TS2.1 2.49 x 1022 1.07 | 1.21 x 107 3.24 x 101
TS2.2 1.15 x 102} 1.08 | 2.35x10P 2.91x 1075
TS1.1 3.94 x 1022 1.06 | 5.09 x 107 2.13 x 1044
TS1.2 8.83 x 1022 1.07 | 1.95x 107 1.84 x 1014
340 | TS1.3 3.94 x 1022 1.09 | 2.10 x 10¢ 9.01 x 1016 4.67 x 1014 1.07
TS2.1 1.99 x 1022 1.07 | 1.53x 107 3.23 x 1015
TS2.2 8.82 x 1022 1.07 | 3.06 x 10° 2.90 x 1015
TS1.1 3.09 x 162 1.06 | 6.14 x 107 2.01 x 164
TS1.2 6.90 x 1672 1.07 | 2.35x 107 1.72 x 164
350 | TS1.3 3.09 x 162 1.08 | 2.77 x 108 9.26 x 166 4.44 x 104 1.06
TS2.1 1.60 x 162 1.06 | 1.89 x 107 3.22 x 165
TS2.2 6.90 x 162 1.07 | 3.92x 108 2.89 x 165
TS1.1 1.79 x 162 1.05 | 9.35x 107 1.76 x 164
TS1.2 3.98 x 162 1.06 | 3.58 x 107 1.50 x 104
375 | TS1.3 1.79 x 162 1.07 | 5.16 x 10° 9.91 x 166 3.99 x 164 1.05
TS2.1 9.97 x 163 1.05 | 3.07 x 107 3.22 x 165
TS2.2 3.98 x 162 1.06 | 7.29 x 10° 3.07 x 165
TS1.1 1.12 x 162 1.04 | 1.35x108 1.58 x 164
TS1.2 2.48 x 162 1.05 | 5.17 x 107 1.34 x 104
400 | TS1.3 1.12 x 162 1.06 | 8.87 x 10° 1.06 x 165 3.65 x 164 1.05
TS2.1 6.65 x 1673 1.05 | 4.67 x 107 3.25 x 165
TS2.2 2.48 x 162 1.05 | 1.12 x 107 2.92 x 165
TS1.1 7.52 x 163 1.04 | 1.85x 108 1.45 x 104
TS1.2 1.65 x 162 1.04 | 7.12x 107 1.23 x 104
425 | TS1.3 7.52 x 1683 1.05 | 1.43 x 107 1.13 x 165 3.41 x 164 1.04
TS2.1 4.69 x 163 1.04 | 6.74 x 107 3.29 x 165
TS2.2 1.65 x 1672 1.05 | 1.71x 107 2.96 x 165
TS1.1 5.30 x 163 1.03 | 2.46 x 108 1.35 x 164
TS1.2 1.16 x 162 1.04 | 9.45x 107 1.14 x 164
450 | TS1.3 5.30 x 163 1.05 | 2.17 x 107 1.21 x 165 3.24 x 164 1.04
TS2.1 3.47 x 163 1.04 | 9.32x 107 3.36 x 165
TS2.2 1.16 x 1672 1.04 | 2.50 x 107 3.02 x 165
TS1.1 3.90 x 163 1.03 | 3.16 x 108 1.27 x 104
TS1.2 8.49 x 1683 1.04 | 1.21x 108 1.07 x 164
475 | TS1.3 3.90 x 163 1.04 | 3.15x 107 1.28 x 165 3.12 x 164 1.03
TS2.1 2.67 x 163 1.03 | 1.24x 108 3.43 x 165
TS2.2 8.49 x 163 1.04 | 3.50 x 107 3.09 x 165
TS1.1 2.98 x 163 1.03 | 3.95x 108 1.21 x 104
co0 |_TSL2 6.47 x 163 1.03 | 1.52x 108 1.01 x 164 508 x 16¢ Lo3
TS1.3 2.98 x 163 1.04 | 4.41x 107 1.37 x 165
TS2.1 2.13 x 1683 1.03 | 1.61x 108 3.52 x 165
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| 1522

\ 6.47 x 163

| 103 | 473x10

3.17 x 165

Table 60: Calculated values for Cl4 + MeOH at 1 atm of equilibrium constant (K ¢4 in cm3), tunnelling constant,

Reckart,, Unimolecular rate constant (k  in s, rate constant per channel (K ot [cm® s1]), the overall rate
constant (Kwta [cm? s1]), effective tunnelling contribution

VHP channels are bold and italics

[Pcontr. = 1 (0 % Peckart )];

T TS channel Kegq PEckart k2 kTs Kiotal Peontr.
(K (cm3) (sh (cm3sh) (cm3sh)
200 | TS1AAAH 5.56 x 10'18 2.04 51.6 5.84 x 1016 6.41 x 1016 2.22
TS2AAAH 5.56 x 10'18 2.34 0.401 5.21 x 1018
TS1-VHP 5.56 x 10 18 78481 |553x10°5 241 %107
TS2-VHP 5.56 x 10 18 49788 | 9.94x 105 2.75x10 7
210 | TSLAAAH 2.15 x 1018 1.89 138 5.62 x 1016 5.98 x 1016 2.00
TS2AAAH 2.15 x 1018 2.14 1.37 6.28 x 1018
TS1-VHP 2.15x 10 18 21125 | 3.04x10* 1.38 x 10 77
TS2-VHP 2.15x 10 18 13886 | 5.34 x 10 * 1.60 x 10 7
220 | TS1LAAAH 9.12 x 10'%9 1.78 337 5.46 x 1016 5.73 x 10'%6 1.84
TS2AAAH 9.12 x 1019 1.92 6.99 7.52 x 1018
TS1-VHP 9.12 x 10 19 4007 2.95 x 10 3 8.77 x 10 18
TS2-VHP 9.12x 10 19 2769 5.01x 103 1.03x 10 7
225 | TS1LAAAH 6.12 x 1019 1.73 510 5.41 x 1016 5.64 x 1016 1.78
TS2AAAH 6.12 x 10'%9 1.92 6.99 8.20 x 1018
TS1-VHP 6.12 x 10 19 4007 2.95x103 7.23x10 18
TS2-VHP 6.12 x 10 19 2769 5.01x 103 8.50 x 10 ‘18
230 | TS1AAAH 4.18 x 101° 1.69 759 5.36 x 1016 5.58 x 1016 1.73
TS2AAAH 4.18 x 1019 1.86 115 8.93 x 10-18
TS1-VHP 418 x101° 2473 5.88 x 10 2 6.08 x 10 18
TS2-VHP 418 x 10 1® 1737 9.90x 10 8 7.19 x 10 18
240 | TS1LAAAH 2.06 x 1019 1.61 1.60 x 10° 5.29 x 1016 5.50 x 10'%6 1.64
TS2AAAH 2.06 x 1019 1.76 29.1 1.05 x 1077
TS1-VHP 2.06 x 10 19 1035 2.14x10 2 455 x 10 18
TS2-VHP 2.06 x 10 19 749 354 %102 5.46 x 10 ‘18
250 | TS1LAAAH 1.0722 x 10 | 1.55 3.1685 x 10° | 5.2612 x 106 5.4649 x 106 1.57
TS2AAAH 1.0722 x 10%° | 1.67 68.493 1.2298 x 1077
TS1-VHP 1.0722 x 10 ¥ | 485 702.36 3.6514 x 10 18
TS2-VHP 1.0722x 10 "% | 361 11.432 4.4293 x 10 18
251 | TS1AAAH 1.0077 x 10 | 154 3.3825 x 10° | 5.2592 x 1076 5.4634 x 1016 1.57
TS2AAAH 1.0077 x 101 1.67 74.326 1.2487 x 1017
TS1-VHP 1.0077 x 10 ¥ | 452 786.82 3.5840 x 10 18
TS2-VHP 1.0077 x 10 - | 338 12.786 4.3528 x 10 18
252 | TSLAAAH 9.4763 x 1020 1.54 3.6091 x 10*° | 5.2576 x 1016 5.4623 x 101 1.56
TS2AAAH 9.4763 x 102 1.66 80.602 1.2678 x 107
TS1-VHP 9.4763 x 10 20 | 422 880.64 3.5200 x 10 18
TS2-VHP 9.4763x10 2 | 316 14.288 4.2801 x 10 18
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55 | TSEAAAH | 89156 x 102 1.53 | 3.8489 x 10° 5.2562 x 1016 5 4616 x 1016
TS2AAAH | 8.9156 x 102 1.65 87.352 1.2871 x 107 Ls6
TS1-VHP | 8.9156 x 10 2 394 984.75 3.4591 x 10 18
TS2-VHP | 8.9156 x 10 2 296 15.952 42111 x 10 18

o5, | TSEAAAH | 83925 x 10% 1.53 | 4.1025 x 10° 5.2550 x 1016
TS2AAAH | 8.3925 x 102 1.65 94.606 1.3067 x 107
TSI-VHP | 8.3925x 10 20 368 11.002 3.4012 x 10 18 5.4612x10% | 155
TS2-VHP | 8.3925 x 10 20 278 17.794 4.1455 x 10 18

o5 | TSEAAAH | 7.9040 x 102 152 | 4.3706 x 10° 5.2541 x 1016
TS2AAAH | 7.9040 x 102 1.64 102.40 1.3264 x 107
TS1-VHP | 7.9040 x 10 2° 345 12.281 3.3461 x 10 18 SABILX10% | 154
TS2-VHP | 7.9040 x 10 20 260 19.832 4.0833 x 10 18

osg | TSEAAAH | 7.4477 x 10% 1.52 | 4.6539 x 10° 5.2535 x 1016
TS2AAAH | 7.4477 x 102 1.63 110.76 1.3463 x 107 5.4613x 10 | | o,
TS1-VHP | 7.4477 x 10 2 323 13.697 3.2938 x 10 18
TS2-VHP | 7.4477 x 10 2 245 22.084 4.0242 x 10 18

57 | TSEAAAH |  7.0212 x 10% 151 | 4.9530 x 10° 5.2530 x 106
TS2AAAH | 7.0212 x 102 1.63 119.74 1.3664 x 1017 54618 x 1010 | |
TS1-VHP | 7.0212 x 10 20 303 15.262 3.2441 x 10 18
TS2-VHP | 7.0212 x 10 20 230 24571 3.9681 x 10 18

osg | TSEAAAH |  6.6224 x 10% 151 | 5.2688 x 10° 5.2528 x 1016
TS2AAAH | 6.6224 x 102 1.62 129.36 1.3867 x 1017 54626 x 10" | |
TS1-VHP | 6.6224 x 10 20 284 16.993 3.1969 x 10 18
TS2-VHP | 6.6224 x 10 20 216 27.315 3.9149 x 10 18

osg | TSEAAAH |  6.2492 x 10% 1.50 | 5.6020 x 10° 5.2527 x 1016
TS2AAAH | 6.2492 x 102 1.61 139.67 1.4073 x 10%7 5.4636 x 10% | |
TSI-VHP | 6.2492 x 10 20 267 18.903 3.1521 x 10 18
TS2-VHP | 6.2492 x 10 20 204 30.341 3.8644 x 10 18

oo | TSEAAAH | 58999 x 102 1.50 | 5.9535 x 10° 5.2529 x 1016
TS2AAAH | 5.8999 x 102 1.61 150.71 1.4280 x 1077

5.4650 x 106 | 1.52
TS1-VHP | 5.8999 x 10 20 251 21.011 3.1095 x 10 -18
TS2-VHP | 5.8999 x 10 20 192 33.674 3.8166 x 10 18

70 | TSEAAAH 3.40 x 1020 1.45 1.07 x 10* 5.27 x 1016
TS2AAAH 3.40 x 1020 1.55 313 1.65 x 1017 5.49 x 1016 47
TS1-VHP 3.40 x 10 2 142 0.579 2.79 x 10 -8
TS2-VHP 3.40 x 10 2 111 0.915 3.46 x 10 18
TSTAAAH 2.63 x 102° 1.43 1.41 x 10° 5.28 x 1016
TS2AAAH 2.63 x 1020 1.52 441 1.76 x 1017

275 [~ vnp 63 % 107 109 0,935 269 X 10 5.52 x 10-16 1.45
TS2-VHP 2.63 x 10 20 87.0 1.47 3.35 x 10 -8

bgo | TSEAAAH 2.05 x 1020 1.41 1.83 x 10* 5.30 x 1016
TS2AAAH 2.05 x 1020 1.50 615 1.89 x 1017 5.54 x 1016 143
TS1-VHP 2.05 x 10 20 86.2 1.48 2.62 x 10 18
TS2-VHP 2.05 x 10 20 69.3 2.31 3.28 x 10 18
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200 TSEAAAH 1.28 x 1020 1.38 3.03 x 10 5.34 x 1016
TS2AAAH 1.28 x 1020 1.46 1.15 x 108 2.15 x 1017
5.61 x 1016 1.39
TS1-VHP 1.28 x 10 -2° 56.0 3.56 2.55 x 10 18
TS2-VHP 1.28 x 10 -0 46.0 5.48 3.22 x 1018
208,15 TSEAAAH 8.94 x 1021 1.35 4.45 x 10¢ 5.39 x 1016
' TS2AAAH 8.94 x 101 1.43 1.87 x 108 2.38 x 107
5.68 x 1016 1.37
TS1-VHP 8.94 x 10 -2 41.1 6.95 2.56 x 10 -18
TS2-VHP 8.94 x 10 -2 34.3 10.6 3.25x 1018
310 TSEAAAH 551 x 1021 1.32 7.51 x 104 5.47 x 1016
TS2AAAH 5.51 x 1021 1.39 3.60 x 10° 2.75 x 1017 5.80 x 1016 134
TS1-VHP 5.51 x 10 -2 27.8 173 2.65 x 10 18 '
TS2-VHP 551 x 10 -2 23.7 26.0 3.39x 1018
320 TSEAAAH 3.77 x 1021 1.30 1.13 x 10° 5.55 x 1016
TS2AAAH 3.77 x 1021 1.36 6.02 x 108 3.08 x 107 5.92 x 1016 131
TS1-VHP 3.77x102 27.8 17.3 2.79 x 10 18 '
TS2-VHP 3.77x1024 23.7 26.0 3.59 x 10 18
TSEAAAH 3.15 x 1021 1.29 1.38 x 10° 5.59 x 1016
TS2AAAH 3.15 x 1022 1.34 7.69 x 108 3.26 x 107
325 5.98 x 1016 1.30
TS1-VHP 3.15x10 %4 18.4 49.6 2.88 x 10 18
TS2-VHP 3.15x 10 -2 16.0 735 3.72x 1018
TSEAAAH 2.65 x 1021 1.28 1.66 x 10° 5.64 x 1016
330 6.05 x 1016
TS2AAAH 2.65 x 1021 1.33 9.76 x 10° 3.45 x 1077 1.29
TS1-VHP 2.65x 104 16.3 69.0 2.99 x 10 18 .
TS2-VHP 2.65x 104 14.3 102 3.86 x 10 18
) 21 . 2. 1 .73 x 1016
340 TSEAAAH 1.91 x 10 1.26 39 x 10° 5.73 x 10 6.19 x 1015
TS2AAAH 1.91 x 102! 1.31 1.54 x 10* 3.83 x 107 108
TS1-VHP 1.91 x 10 -2 13.1 130 3.25x 1018 '
TS2-VHP 1.91 x 10 -2 11.6 190 4.20 x 10 -18
350 TSEAAAH 1.40 x 102! 1.24 3.36 x 10° 5.84 x 1016
TS2AAAH 1.40 x 1021 1.29 2.36 x 10* 4.25 x 107 6.35 x 1016 126
TS1-VHP 1.40 x 10 -2 10.8 235 3.56 x 10 -18 '
TS2-VHP 1.40 x 10 -2 9.70 341 4.62 x 10 -18
TSEAAAH 6.98 x 1022 1.21 7.27 x 10° 6.14 x 1016
TS2AAAH 6.98 x 1022 1.25 6.22 x 104 5.41 x 1017
375 6.78 x 10°16 1.23
TS1-VHP 6.98 x 10 -2 7.31 907 4.63 x 10 18
TS2-VHP 6.98 x 10 22 6.69 1.29x103 6.01 x 10 18
TSEAAAH 3.84 x 1022 1.18 1.43 x 10° 6.47 x 1016
TS2AAAH 3.84 x 1022 1.21 1.45 x 10° 6.76 x 1077
400 7.29 x 10°16 1.20
TSEVHP 3.84 x 1022 5.42 2.95 x 108 6.15 x 1018
TS2VHP 3.84 x 1022 5.04 4.11 x 103 7.96 x 10718
TSEAAAH 2.29 x 1022 1.16 2.58 x 108 6.84 x 1016
TS2AAAH 2.29 x 1022 1.19 3.06 x 10° 8.31 x 1077
425 7.86 x 1016 1.18
TS1-VHP 2.29 x 10 22 4.30 8.36x 103 8.22 x 10 -18
TS2-VHP 2.29 x 10 -2 4.04 1.15x 10 4 1.06 x 10 17
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TSEAAAH 1.45 x 1022 114 4.38 x 10° 7.25 x 1016
TS2AAAH 1.45 x 1022 1.16 5.95 x 10° 1.01 x 1016
450 8.51 x 1016 1.17
TS1-VHP 1.45 x 10 22 3.58 211x104 1.10 x 10 V7
TS2-VHP 1.45 x 10 -2 3.39 2.85x104 1.41 x 10 V7
TSEAAAH 9.76 x 1023 1.12 7.01 x 10° 7.70 x 1016
TS2AAAH 9.76 x 1023 1.15 1.08 x 10° 1.20 x 10'1¢
475 9.23 x 1016 1.15
TS1-VHP 9.76 x 10 %3 3.08 4.83x104 1.45 x 10 V7
TS2-VHP 9.76 x 10 28 2.94 6.45x 104 1.85x 10 V7
TSEAAAH 6.87 x 1023 111 1.07 x 107 8.17 x 1016
TS2AAAH 6.87 x 1023 1.13 1.84 x 108 1.43 x 1016
500 1.00 x 1015 1.14
TS1-VHP 6.87 x 10 23 2.72 1.02x10°5 1.91 x 10 V7
TS2-VHP 6.87 x 10 -2 2.62 1.34x10°5 241 %10V
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2.2.4 Master Equation Rate Constants ( kmeg) At Non-Standard Pressures

Table 61 Calculated Master Equation Rate Constants (kug) at Non-Standard Temperatures and Pressures for
sCl1 + MeOH& EtOH at Grainsize 10

sCl 1 + MeOH sCl 1 + EtOH

T (K) Po (Torr) kme (107 cm? s1) T(K) | Po(Torr) | kve (10 cm?®s™)
200 9.99 2.59 200 9.99 22.83
210 9.99 2.27 210 9.99 18.53
220 9.99 2.03 220 9.99 15.43
230 9.99 1.84 230 9.99 13.12
240 9.99 1.68 240 9.99 11.36
250 9.99 1.55 250 9.99 9.99
260 9.99 1.45 260 9.99 8.90
270 9.99 1.36 270 9.99 8.01
280 9.99 1.29 280 9.99 7.28
290 9.99 1.23 290 9.99 6.68
298.15 9.99 1.19 298.15 9.99 6.26
310 9.99 1.14 310 9.99 5.74
320 9.99 1.10 320 9.99 5.37
330 9.99 1.07 330 9.99 5.06
340 9.99 1.04 340 9.99 4,78
350 9.99 1.01 350 9.99 4.54
262.1 9.99 1.43 282.5 9.99 7.12
262.6 99.9 1.44 282.5 99.5 7.36
293 9.99 1.21 328.9 9.99 5.09
295 250 1.21 329.2 99.5 5.19
- - - 293 9.99 6.52
- - - 295 250 6.63

Table 62: Calculated Master Equation Rate Constants (kvg) at Non-Standard Temperatures and Pressures for
sCls 1, 2 & 3 with various alcohols at Grainsize 10

#sCl sClstructure ROH T (K) Po (Torr) ke (1072 cm?® s1)
1 HCHOO iPrOH 295 250 1.25 x 10
2 synCHCHOO MeOH 295 250 1.91 x 10
3 anti -CHCHOO MeOH 295 250 2.30 x 10
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sCl 4 + MeOHat Grainsize 10

sCl 4 + MeOH

T (K) Po (Torr) Kme (107 cm? s1)
200 9.99 9.40
210 9.99 7.36
220 9.99 6.45
230 9.99 6.01
240 9.99 5.78
250 9.99 5.67
260 9.99 5.62429
261 9.99 5.62270
262 9.99 5.62154
263 9.99 5.62080
264 9.99 5.62046
265 9.99 5.62050
266 9.99 5.62092
267 9.99 5.62169
268 9.99 5.62283
269 9.99 5.62431
270 9.99 5.62610
280 9.99 5.66
290 9.99 572

298.15 9.99 5.78
310 9.99 5.90
320 9.99 6.01
330 9.99 6.14
340 9.99 6.28
350 9.99 6.44

292.2 9.99 5.74

Table 63: Calculated Master Equation Rate Constants (kmg) at Non-Standard Temperatures and Pressures for
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2.2.5 Literature Experimental Rate Constants

Table 64: Experimental Rate Constant ( kexg of sCl +alcohol reactions near 298 K found in the literature.

sClchemical Temperature Pressure Experimental Rate Constant
sCl no formula Alcohol IO(K) (Torr) P (kexs) [cm® s7] Study Ref
1 HCHOO MeOH 292.6 9.99 1.04 x 1013 Orr-Ewing et al. 102
1 HCHOO MeOH 295 250 (1.4 +0.4) x 103 Murray et al. 103
1 HCHOO EtOH 292.8 9.99 1.16 x 108 Orr-Ewing et al. 102
1 HCHOO EtOH 295 250 (2.3%0.6) x 10%2 Murray et al. 103
1 HCHOO iPrOH 295 250 (1.9 + 0.5) x 10%2 Murray et al. 103
2 synCHCHOO MeOH 295 250 @ x 10%7 Lin et al. 103
2 synCHCHOO (MeOH) 298 250 (8.0 +1.0) x 10'* Chaoet al. 104
3 anti -CHCHOO MeOH 295 250 (4.8 +0.5) x 10'*2 Linetal. & Chaoet al. | 103104
4 (CHs).COO MeOH 295 9.99 (4.29 £ 0.54) x 10'** Orr-Ewing et al. 102
N/A Cl‘b(C?‘E)tl;CHOO MeOH 296 + 3 K 740 3.6x101 Tobias and Ziemann 105
N/A CFE(C";‘_E;:CH oo | PIOH | 206+3K 740 8.3x 103 Tobias and Ziemann | 1
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2.2.6 Previous Literature Theoretical Rate Constants

Table 65: Previous literature Theoretical Rate Constant (  krneg of sCI 1 + alcohol reactions near 298 K found in the literature by other authors.

sCl chemical

Theoretical Rate Constant ( Kreo)

sCl no formula Alcohol TS Kts [cm? s7] _ Study Ref
1 HCHOO MeOH TSaanl N/A (3.0+1.8) x 104 Aroeira et al. 106
1 HCHOO MeOD TSaanl N/A (1.2+0.8) x10'3 Aroeira et al. 106
1 HCHOO MeOH TSnanl N/A 2.5 x 1033 Murray et al. 108
1 HCHOO EtOH TSaanl N/A 4.8 x 1033 Murray et al. 103
1 HCHOO iPrOH TSwanl N/A 6.6 x 1013 Murray et al. 103
TSwanl 3.20 x 10'14 713 . 103
1 HCHOO MeOH T2 1117 x 10 1.33 x 10 Lin et al.
TSaanl 2.37 x 1018
TSwan2 8.00 x 10'%7 Kaaan~ 8.24 x 1017 108
MeOH TS L 6.68 x 100 (Kyp ~ 9.46 x 1019) Chaoet al.
TSHr2 2.78 x 10'18
2 sym-CHCHOO TS(MeOH) 1 6.04 x 1022
TS(MeOH) 2 1.68 x 10% - 108
(MeOH) TS(MeOH) 3 9.26 x 107 1.62 x 10 Chaoet al.
TS(MeOH) 4 8.42 x 1022
TSwanl 0.20 x 10'%7 117 - 103
2 syn-CHCHOO MeOH TSuan2 965x10% 9.85 x 10 Lin et al.
2 syn-CHCHOO MeOH TSaanl 5.44 x 1016 5.44 x 1016 Tang and Li 107
2 syn-CHCHOO EtOH TSaanl 9.03 x 1016 9.03 x 1016 Tang and Li 107
, TSwanl 2.50 x 1012 111 104
3 anti -CHCHOO MeOH TSuani2 914 x 107 1.16 x 10 Chaoet al.
_ TSwan 1 1.85 x 1012 12 - 103
3 anti -CHCHOO MeOH TSuani2 768 x 1022 9.53 x 10 Lin et al.
3 anti -CHCHOO MeOH TSaanl 5.72 x 1012 5.72 x 1012 Tang and Li 107
3 anti -CH;CHOO EtOH TSaanl 9.74 x 10%? 9.74 x 1012 _ Tang and Li 107
4 (CH;).,CHOO MeOH TSwanl N/A (2.8 +1.3) x 101 16 Aroeira et al. 106
4 (CHs).CHOO MeOH TSasnl N/A (2.8 +1.3) x 10'15 Aroeira et al. 106
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2.3 Relative Energies of sCI + Alcohol Reactions

Table 66: Relative energies (kJ mol -1) of stationary points of sCI reaction with alcohols. All

energies were chosen as the energy of the reactants (energy of Cl + energy of alcohol) &®E; =z er o
point corrected energies, @&@(E+ZPE); enthalpy, &H (29
Cl Entry | Alcohol | Reaction Path | Stationary | &2E &e( E+ Z &eH &G
Point (298K) (298K)
1 MeOH TS1 CR -34.20 -28.15 -27.78 6.71
TS -12.01 -3.81 -8.35 42.58
P -214.75 -198.11 | -202.32 -153.59
TS2 CR -34.20 -28.15 -27.78 6.71
TS -7.18 0.11 -1.87 46.18
P -20.71 -190.54 | -193.32 -145.97
EtOH TS1.1 CR -34.06 -28.15 -27.49 8.43
TS -15.28 -7.28 -11.16 39.76
P -215.39 -200.32 -202.89 -154.54
1.2 CR -34.25 -28.65 -27.75 6.40
TS -15.07 -7.42 -11.36 40.12
P -211.68 -196.53 -199.13 -150.44
1.3 CR -34.06 -28.15 -27.49 8.43
TS -5.58 1.63 -2.35 48.74
P -211.31 -196.18 -198.85 -150.50
2.1 CR -30.75 -25.51 -24.52 10.49
TS -8.78 -1.55 -5.40 45.15
P -206.45 -192.23 -194.51 -147.41
2.2 CR -34.25 -28.65 -27.75 6.40
TS -8.26 -1.49 -5.35 45.45
P -205.01 -190.22 -192.68 -145.17
iPrOH 11 CR -33.89 -28.55 -27.44 7.40
TS -12.16 -4.51 -8.03 43.46
P -211.37 -196.58 -198.83 -149.92
1.2 CR -33.89 -28.55 -27.44 7.40
TS -5.04 1.69 -2.04 49.77
P -202.23 -187.38 -189.65 -140.70
1.3 CR -31.95 -26.50 -25.48 10.17
TS -6.81 0.37 -3.30 48.08
P -210.63 -195.75 -198.13 -148.99
21 CR -33.89 -28.55 -27.44 7.40
TS -9.77 -2.87 -6.34 44.80
P -204.92 -191.17 -193.01 -147.46
2.2 CR -33.89 -28.55 -27.44 7.40
TS -2.06 4.33 0.69 51.75
P -194.90 -180.37 -182.47 -134.96
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Unimolecular TS 79.36 69.57 67.51 71.62
VHP -83.69 -83.07 -82.10 -84.06
MeOH 1 CR -34.96 -29.41 -28.98 8.49
TS 4.85 10.04 6.03 58.33
P -189.72 -176.18 -178.83 -129.37
2 CR -34.96 -29.41 -28.98 8.49
TS 14.84 18.75 14.53 67.28
P -176.51 -163.37 -165.92 -118.85
VHP1 CR -34.96 -29.41 -28.98 8.49
TS 38.37 28.99 24.85 76.08
PC -115.88 -108.59 -107.57 -72.67
P -83.69 -83.07 -82.10 -84.06
VHP2 CR -34.96 -29.41 -28.98 8.49
TS 36.71 27.19 23.13 73.61
PC -118.53 -110.86 -110.05 -74.61
P -83.69 -83.07 -82.10 -84.06
MeOH la CR -40.96 -35.13 -34.72 1.32
TS -23.12 -17.73 -22.16 30.11
P -202.63 -187.14 -190.90 -139.13
1b CR -40.96 -35.13 -34.72 1.32
TS -18.25 -13.99 -18.09 32.64
P -201.04 -186.44 -189.92 -139.72
Unimolecular TS 75.54 66.58 64.71 68.04
VHP -74.62 -73.49 -72.76 -74.50
MeOH 1 CR -40.11 -34.42 -33.99 3.72
TS -0.70 1.21 -2.56 50.21
P -174.29 -161.77 -164.59 -113.40
2 CR -40.11 -34.42 -33.99 3.72
TS 9.11 9.63 6.01 58.07
P -165.51 -152.36 -155.72 -102.99
VHP 1 CR -40.11 -34.42 -33.99 3.72
TS 37.38 26.11 22.55 71.94
PC -107.34 -99.25 -98.63 -61.44
P -74.62 -73.49 -72.76 -74.50
VHP 2 CR -40.11 -34.42 -33.99 3.72
TS 36.40 25.32 21.70 70.89
PC -109.44 -101.30 -100.69 -63.87
P -74.62 -73.49 -72.76 -74.50
MeOH 1 CR -36.15 -30.42 -29.69 7.36
TS -20.02 -13.02 -16.71 34.56
P -238.17 -225.29 227.78 -179.49
2 CR -36.15 -30.42 -29.69 7.36
TS -22.09 -15.16 -18.94 32.56
P -244.28 -230.67 -233.60 -183.70
MeOH 1 CR -44 .55 -38.52 -38.33 -1.38
TS -41.02 -32.22 -36.51 14.83
P -249.04 -233.47 -236.92 -186.89
2 CR -44 .55 -38.52 -38.33 -1.38
TS -37.72 -29.55 -33.89 17.45
P -247.58 -232.03 -235.60 -185.59
MeOH 1 CR -48.01 -41.27 -41.43 -0.05
TS -47.25 -40.51 -43.24 6.30
P -298.07 -285.84 -288.96 -237.56
MeOH 1 CR -29.54 -26.80 -25.51 8.91
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TS 6.98 10.09 6.65 58.24
P -205.40 -195.25 -197.33 -148.94
2 CR -29.54 -26.80 -25.51 8.91
TS 9.30 11.91 8.40 59.93
P -210.83 -200.04 -202.32 -152.98
9 MeOH 1 CR -39.09 -35.45 -34.83 0.94
TS -27.58 -23.11 -27.33 24.45
P -227.12 -214.59 -217.49 -167.97
2 CR -39.09 -35.45 -34.83 0.94
TS -20.25 -16.71 -20.75 30.06
P -225.97 -213.46 -216.53 -166.79
10 MeOH 1 CR -32.10 -27.28 -26.12 9.70
TS -7.11 -3.60 -7.11 46.37
P -214.54 205.41 -206.93 -158.17
2 CR -32.10 -27.28 -26.12 9.70
TS -1.60 1.39 -2.12 51.20
P -222.17 -211.56 -213.75 -162.59
11 MeOH 1 CR -27.36 -23.07 -21.46 7.96
TS 9.61 10.40 7.14 58.54
P -175.91 -165.59 -167.31 -120.03
2 CR -25.69 -21.25 -19.56 10.80
TS 10.89 10.09 6.87 58.22
P -165.93 -155.16 -156.95 -108.98
EtOH 1.1 CR -25.36 -21.30 -19.17 11.42
TS 7.30 7.45 4.89 56.91
P -179.08 -169.23 -170.19 -122.66
1.2 CR -25.63 -21.42 -19.43 11.73
TS 7.68 8.37 5.89 57.26
P -182.14 -172.65 -173.39 -125.80
1.3 CR -28.09 -24.03 -22.09 9.58
TS 17.40 17.44 14.85 67.10
P -175.68 -166.18 -167.02 -119.66
21 CR -26.73 -22.45 -20.47 10.83
TS 9.23 9.02 6.34 59.30
P -173.36 -163.70 -164.58 -116.95
2.2 CR -25.36 -21.30 -19.17 11.42
TS 9.34 8.04 5.30 58.44
P -167.83 -157.69 -158.86 -108.93
iPrOH 1.1 CR -27.56 -23.84 -21.61 9.82
TS 5.98 6.16 4.16 56.04
P -179.39 -169.98 -170.42 -121.79
1.2 CR -28.03 -24.34 -22.06 7.52
TS 16.16 15.05 13.06 64.72
P -170.26 -160.56 -161.23 -111.93
1.3 CR -27.42 -23.69 -21.42 8.75
TS 16.57 16.01 14.11 64.68
P -177.73 -168.66 -169.07 -122.16
2 CR -25.99 -22.13 -19.86 12.34
TS 7.82 6.58 4.39 57.85
P -168.57 -159.55 -159.84 -114.08
2.2 CR -27.56 -23.84 -21.61 9.82
TS 22.19 20.11 17.82 72.15
P -170.26 -160.56 -161.23 -111.93
12 MeOH 1 CR -36.71 -31.32 -30.35 4.65
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TS -18.09 -17.43 -20.99 30.74
P -186.21 -173.54 -175.97 -127.79
2 CR -36.71 -31.32 -30.35 4.65
TS -10.92 -10.91 -14.34 36.61
P -185.85 -173.59 -176.11 -127.21
EtOH 1.1 CR -37.63 -32.93 -31.30 2.59
TS -19.07 -19.27 -22.19 29.97
P -186.64 -174.94 -176.30 -128.79
1.2 CR -37.57 -32.42 -31.05 4.89
TS -21.62 -21.01 -23.94 28.31
P -186.64 -174.94 -176.30 -128.79
2.1 CR -37.57 -32.42 -31.05 4.89
TS -12.01 -11.81 -14.70 37.51
P -187.27 -175.85 -177.39 -128.51
2.2 CR -37.63 -32.93 -31.30 2.59
TS -11.73 -12.35 -15.29 37.43
P -183.10 -171.81 -173.36 -125.31
iPrOH la CR -37.77 -33.25 -31.43 3.68
TS -20.44 -20.84 -23.33 30.19
P -182.34 -171.51 -172.50 -123.83
1b CR -37.77 -33.25 -31.43 3.68
TS -8.33 -9.82 -12.28 41.39
P -163.87 -151.58 -153.26 -99.48
21 CR -37.77 -33.25 -31.43 3.68
TS -15.33 -16.01 -18.49 34.45
P -183.16 -172.58 -173.50 -125.34
2.2 CR -37.77 -33.25 -31.43 3.68
TS -4.97 -6.52 -9.00 44.19
P -175.42 -164.40 -165.50 -115.70
13 Unimolecular TS 84.95 74.22 69.91 75.91
VHP -58.02 -59.29 -57.74 -62.25
MeOH la CR -30.03 -24.65 -23.97 12.86
TS 15.89 14.66 11.27 63.56
P -148.70 -138.02 -140.36 -90.16
1b CR -30.03 -24.65 -23.97 12.86
TS 25.70 23.25 19.96 72.07
P -145.71 -134.61 -137.29 -86.02
VHP 1 CR -30.03 -24.65 -23.97 12.86
TS 71.22 58.63 55.10 105.44
PC -91.06 -85.58 -84.09 -50.13
P -58.02 -59.29 -57.74 -62.25
VHP 2 CR -30.03 -24.65 -23.97 12.86
TS 48.96 36.41 32.93 82.54
PC -93.27 -87.36 -85.93 -52.52
P -58.42 -59.34 -58.03 -61.52
14 Unimolecular TS 83.50 73.47 71.38 76.00
VHP -74.35 -73.48 -72.98 -73.46
MeOH la CR -30.48 -25.18 -24.52 12.63
TS 8.17 7.31 3.59 57.68
P -160.80 -149.25 -152.06 -99.43
1b CR -30.48 -25.18 -24.52 12.63
TS 20.81 18.66 15.02 68.69
P -144.93 -133.17 -136.04 -84.42
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VHP 1 CR -30.48 -25.18 -24.52 12.63
TS 44.30 32.63 28.80 80.34
PC -103.74 -97.53 -95.69 -67.06
P -74.35 -73.48 -72.98 -73.46
VHP 2 CR -30.48 -25.18 -24.52 12.63
TS 42.30 30.82 27.00 78.05
PC -109.99 -102.18 -101.61 -64.91
P -74.35 -73.48 -72.98 -73.46
15 MeOH la CR -38.51 -33.16 -32.18 1.88
TS -10.02 -9.96 -13.49 38.04
P -174.32 -161.59 -164.30 -113.95
1b CR -38.51 -33.16 -32.18 1.88
TS -8.82 -8.67 -12.13 38.88
P -181.82 -169.70 -172.13 -123.05
16 MeOH la CR -33.58 -28.19 -27.26 7.68
TS -18.00 -15.88 -20.04 33.41
P -189.92 -176.55 -179.58 -127.99
1b CR -33.58 -28.19 -27.26 7.68
TS -7.99 -7.37 -11.23 40.77
P -181.38 -169.05 -171.59 -123.68
17 MeOH la CR -36.77 -31.88 -30.77 4.14
TS 241 0.79 -2.71 49.76
P -162.59 -151.75 -154.43 -103.20
1b CR -36.77 -31.88 -30.77 4.14
TS 5.40 2.26 -1.05 51.03
P -161.52 -150.36 -153.18 -102.15
18 MeOH la CR -27.40 -22.75 -21.32 10.37
TS 9.67 8.44 5.15 57.43
P -162.65 -151.93 -154.79 -102.38
1b CR -27.40 -22.75 -21.32 10.37
TS 15.97 13.25 10.15 61.88
P -156.92 -146.28 -149.00 -96.82
19 MeOH la CR -35.78 -30.57 -29.71 6.18
TS 2.20 3.55 -0.10 52.43
P -185.19 -174.20 -176.23 -126.96
1b CR -35.78 -30.57 -29.71 6.18
TS 5.26 4.62 1.02 53.32
P -168.78 -156.94 -159.49 -108.11
20 MeOH la CR -25.03 -20.69 -19.06 10.90
TS 12.39 13.42 10.02 61.88
P -176.07 -165.56 -167.59 -118.99
1b CR -25.03 -20.69 -19.06 10.90
TS 20.41 19.79 16.09 69.33
P -163.54 -152.07 -154.49 -103.87
21 MeOH la CR -63.88 -57.50 -57.78 -17.05
TS -29.91 -30.31 -34.25 18.03
P -210.19 -199.75 -202.82 -152.14
1b CR -63.88 -57.50 -57.78 -17.05
TS -25.86 -26.67 -30.57 20.31
P -206.47 -196.09 -199.14 -149.17
22 MeOH la CR -60.58 -54.01 -54.06 -12.92
TS -44.05 -44.31 -48.33 5.26
P -199.45 -190.19 -192.68 -142.94
1b CR -60.58 -54.01 -54.06 -12.92
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TS

-28.74

-30.14

-34.28

20.30

-210.04

-199.63

-202.67

-150.85
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2.4 Computational Sensitivity Study

As mentioned in Section 2.9 in the main body of this thesis, determining the validity of the
computational approach, DRLCCSD(TF12a/aug-cc-pVTZ//B3LYP/aug-cc-pVTZ (referred
to in this section as the B3LYP-optimised approach), is difficult as functionals, such as the
B3LYP functional used in this method, purposely built and selected because they model

the particular target chemical systems. Instead, the author uses two methods of indicate a
confidence level for the B3LYRopti mised approach: a scope of agreeability factor ( Dacreg

or a sensitivity variation factor ( Dseng.

To determine the scope of agreeability (Dacreg involves finding the relative zero -point
corrected energy of the stationary points relative to the raw reac  tants (DEsp on the
potential energy surface using another approach, either using data the literature or
calculating the potential energy using another approach. Here the author used the DF
LCCSD(TF12a/aug-cc-pVTZ/IM0O62X/aug -cc-pVTZ approach, as well as data from other
computational studies. The difference between the DEspthe B3LYPoptimised approach
and the alternative approach for each stationary point is determined and then averaged
across for each potential energy surface, as shown in the Equation be low. This method can
only be applied when comparing computational approaches

a (| DEsp(B3LYRoptimised approach) i DEsp(other approach)|)

Dacree= : : . Equation 15
Number of stationary points considered

The sensitivity variation factor ( Dseng, the second assessment of reliability, involves
determining the relative Gibbs free energy of the TS structures derived from both
experimental studies ( DGexs and other theoretical studies ( DGrreg. By reversing the rate
constant equation below, and assuming that P o is assumed here to be 1 atmospheres
pressure and applying the TSwan 1 pathway branching ratio produced from this study, the

& Gxpand DGrueoVvalues for TSwan 1l can be derived:

kKexe= — —Q J Equation 16

DGexe(TSwanl) = Y ¥ EQ &  “YY »p — Equation 17

#

The sensitivity variation factor which measures differentials between Gibbs free energy
barriers of different computational approaches can be derived using Equation 19. Both the

scope of agreeability and the sensitivity variation factor equations feature the two
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vertical straight lines surrounding a section of the equation ( ¥#) to convert the number or

expression to the absolute value.

a (] DGrs(B3LYRoptimised approach) i DGrs(other approach)|)

Dsensr . . . Equation 18
ENSE Number of stationary points considered ‘

Due to the nature of this method of determining the  DGexp(TS:aan 1) values used here, any
differences in the Gibbs free energy for each transition states are likely to be the same
across the potential energy surface. For this reason and for the purpose of simplicity only

determining and comparing the DGexpfor the TSaaan 1 is required here is used here.

A scope d agreeability factor ( Dagreg Or a sensitivity variation factor ( Dseng for various
sCI + alcohol reactions can be found in this section. Whereas scope of agreeability factor
can be determined either using just transition states (as it is in the main bod vy of the text)

or all stationary points, sensitivity variation factor is only be derived for transition states
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Table 67: The zero-point corrected energy values and the error values for each stationary point on the

potential energy surface of CH ;OO0 + MeOH relative to different

computational chemistry approaches both from this thesis and the literature (2ENg.
CHOO + MeOH Zero-point corrected energy (kJ mol %) Ref
Study Approach PRC TSaadl | AAAH1 | TSaa2 | AAAH 2 | TSster| Ester + HO
This Thesis DF‘LCCSEFlzaJa”g'pC\i'TpZVT ZIIB3LYPlaug-cc- DE 280 | -38 | -1990 | 01 | -1906 | 2.9 512.6 .
O'i'/i;lrsal':'he&s DFLCCSEF12a/aug-ce-pVTZ/IMO62X/aug -cc- DE -27.6 -7.1 -198.8 3.2 -190.1 9.1 -514.9 )
+2.3 pvTZ GREE -0.4 3.2 -0.3 -3.1 -0.6 -6.2 2.3
RAGREE
Lin et al. DE -31.6 -8.7 -194.9 -4.3 -186.8 f f
3
Overall +4.2 QCISD(T)/CBS//B3LYP/6311+G(2d,2p) S 35 48 49 44 39 e e
BAGREE
Lin et al. DE -31.6 -21.3 -194.9 -16.7 -186.8 f f
- 3
Overall 192 QCISD(T)/CBS//B3LYP/augcc-pVTZ — 35 174 42 16.8 39 A A
RAGREE
Aroeira et al. DE -30.3 -6.2 -194.7 fi f f fi
4
Oa;\erall +3.0 QCISD(T)/CBS//ICCSD(T)/ANO1 - 23 24 44 e . & &
GREE

Table 68: The zero-point corrected energy values and the error values for each stationary point on the potential energy surface of syn

-CHCHOO + MeOH relative to

different computational chemistry approaches both from this thesis and the literature (END.
synCHCHOO + MeOH Zero-point corrected energy (kJ mol 1) Ref
Study Approach PRC | TSwaaH | AAAHL | TSwar? AAAH2 | TSmpl | TSmr2 VHP
This Thesis DRLCCSEF12a//B3LYP/aug-cc-pVTZ DE -29.4 10.0 -176.2 18.7 -163.4 29.0 27.2 -83.1 -
Lin et al. DE -32.9 -1.6 -169.7 6.0 -156.7 f f fi
Overall +8.2 QCISD(T)/CBS/IM062X/augcc-pVTZ S\GREE 35 11.6 -6.4 12.7 -6.7 A A A s
RAGREE
Chao et al. DE -33.0 8.0 -169.7 16.7 -156.7 23.3 25.5 -73.5 5
Overall +4.7 QCISD(T)/CBS//B3LYP/6311+G(2d,2p) SB\GREE 3.6 2.0 -6.4 2.0 -6.7 5.7 1.7 -9.6
RAGREE

Table 69: The zero-point corrected energy values and the error values for each stationary point on the potential energy surface of anti
different computational chemistry approaches both from this  thesis and the literature (a&&eng.

-CHCHOO + MeOH relative to

anti -CHCHOO + MeOH

Zero-point corrected energy (kJ mol %)

Study

Approach

PRC 1

TSwarl

AAAH 1

TSwar2

AAAH 2

Ref

This Thesis

DFLCCSBF12a/aug-cc-pVTZ//B3LYP/aug-cc-pVTZ

-35.1

-17.7

-187.1

-14.0

-186.4
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Lin et al. DE -38.0 204 181.9 161 1813 ;
YA V—y QCISD(T)/CBS//B3LYP/6311+G(2d,2p) P 5% e 3 51 =5

Lin et al. DE -38.0 288 181.9 237 1813 ;
Overall 2onee  +6.8 QCISD(T)/CBS/IM062Xaug -cc-pVTZ - 59 110 53 9.7 52

Table 70: The zero-point corrected energy values and the error values for each stationary point on the potential energy surface of syn
different computational chemistry approaches both from this thesis and the literature

-CHCHOO + MeOH relative to

(3ENS.
(CHs)2COO + MeOH Zero-point corrected energy (kJ mol 1)
Study Approach PRC 1 TSaanl AAAH 1 TSaar? AAAH 2 Ref
This Thesis DRLCCSEF12a/aug-cc-pVTZ//B3LYP/aug-cc-pvVTZ DE -34.4 1.2 -161.8 9.6 -152.4 -
Aroeira_et al. DE -37.4 2.3 -146.6 fi fi 4
Overall aacRree +6.4 QCISD(T)/CBS//CCSD(T)/ANOl RAGREE 3.0 -1.0 -15.2 1] 1]
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Table 71: Sensitivity study of ClI + alcohol reactions, comparing computationally generated results to that derived from other rate co nstants (Krneo& Kexs by using the rate
constant of dominant channel ( kTSwan 1 = KexpX Brieq, and the computationally -determined tunneling constant ( p), to determine the relative Gibbs free energy of the
dominant channel (G (adn $)) See equations above; and the difference between these computationally/experimentally  -derived &G faduF)val ues anueh t he &G

(TSwaanl) from this thesis prodw@mees an oOoagreeabilityd factor (
Overall KtueoOr Kexp Brueo KTSwan 1 &G (—\AL S) I SBENSI
sCl ROH Method of Study (cm® 59 (TSamst 1) (cm® s1) R K3 mol = Ref
DFLCCSD(T)F12a//B3LYP/aug-cc-pVTZ 1.19 x 1074 9.49 x 10%5 42.6 fi This

DFLCCSD(TF12a//M062X/aug-cc-pVTZ 4.19 x 1034 0801 4.11 x 1034 39.0 -3.6 | thesis
MeOH Experimental (298 K) * i McGillen et al. ~1.02 x 10%3 ' 7.46 x 1084 110 37.2 -5.3 1
Experimental (295 K) i Tadayonet al. ~1.4 x 10%3 1.02 x 1043 ' 36.5 -6.1 2
CHOO QCISD(T)/CBS//B3LYP/6311+G(2d,2p) 1.44 x 1073 0.777 1.12 x 1073 36.5 -6.1 3
(SE'ZI ) QCISD(T)/CBS//CCSD(T)/ANOF ~3.0 x 1014 1 3.0x 1014 39.7 -2.9 4

DFLCCSDI)-F12a//B3LYP/aug-cc-pVTZ 6.17 x 104 2.92 x 104 39.8 i Thesis
EtOH | Experimental (298 K) * fi McGillen et al. 1.19 x 1013 0.472 5.60 x 104 1.08 38.2 -1.6 1
Experimental (295 K) i Tadayon et al. 2.3 x 1013 1.09 x 1013 36.1 -3.6 2

iPrOH DFLCCSD(TFF12a//B3LYP/aug-cc-pVTZ 1.21 x 10 0.539 6.54 x 1015 107 43.5 i Thesis
Experimental (295 K) fi Tadayon et al. 1.9 x 1013 ) 1.02 x 1013 ' 36.3 -7.2 2

" DFLCCSD(TF12a//B3LYP/aug-cc-pVTZ 1.96 x 1077 0.917 1.77 x 1077 58.3 i Thesis
CiéHoo MeOH | Experimental (298K)  Lin etal. * <2.0 x 10%7 ' <183x107 | >58.2 >-0.1 5
(sCl 2) QCISD(T)/CBS//B3LYP/6311+G(2d,2p) 9.18 x 10Y7 0.871 8.00 x 107 ' 54.6 -3.7 3
QCISD(T)/CBS//IB3LYP/augcc-pVTZ™* 9.85 x 107 0.98 9.65 x 107 54.1 -4.2 5

ani DFLCCSD(TF12a//B3LYP/aug-cc-pVTZ 2.12 x 102 0.735 1.55 x 10812 30.1 i | Thesis
cHsc:a_oo MeOH Experimental (298 K) fi Lin et al. ~4.8 x 1072 ' 353x10% | o 28.1 2.0 5
(sOl 3 QCISD(T)/CBS//B3LYP/6311+G(2d,2p) 1.16 x 1041 0.731 9.14 x 1012 ' 25.7 -4.4 3
QCISD(T)/CBS//B3LYP/augcc-pVTZ 9.53 x 1072 0.806 7.68 x 1012 26.1 -4.0 5

CH),COO DFLCCSD(T)F12a//B3LYP/aug-cc-pVTZ 5.76 x 1036 0948 5.40 x 10%6 50.2 fi Thesis
( (s(); 2 MeOH | Experimental (298 K) * i McGillen et al. 4.21 x 1074 ' 3.99 x 1074 1.35 39.5 10.7 1
QCISD(T)/CBS//CCSD(T)/ANOt ~2.8 x 1016 1 2.8 x 10116 51.8 1.6 4

* The McGillen et al. experimental rate constants ( kexp) given in this table are derived from the modified Arrhenius expressions for CH,OO + CHOH
[k(T) = 3.7 x 1072 x T2 x 1710} CH,00 + EtOH k(T) = 4.2 x 10114 x T2 x 1717T] & (CH3)2COO + CEOH [k(T) = 6.07 x 10733 x T387 x 5852/ + 582 x 10116 x T292 x 3741/T],
-rotor harmonic oscillator approximation.
*** The rate constant for the syn-CHCHOO+ MeOHreaction and so the DGexpa n dseng®alues calculated are simply the lower limit.

** This computational study derives the rate constant from only one reaction pathway and a rigid
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2.5 Molecular Orbital Diagrams of Isoprene derived sCls

HOMO

HOMG1

&

sCI 13

-0.23819 Hartree -0.24439 Hartree
sCl 14 $

-0.23585 Hartree -0.24256 Hartree
sCl 15 “ f

-(;.23984 Hartree -O.k24689 Hartree
sCl 16

«f

=

-0.24032 Hartree

-0.24913 Hartree
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HOMO

HOMG1

Iﬁ‘

sCl 13 +
MeOH TSAAH
1
-0.24096 Hartree -0.26026 Hartree
sCl 14 + >
MeOH TSaan
1 y
-0.24024 Hartree -0.25866 Hartree
sCl 15 +
MeOH TSaan i
1
-0.24679 Hartree -0.26300 Hartree
sCl 16 +
MeOH TSAAH
1
(@

-0.24381 Hartree

-0.26076 Hartree
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HOMO

HOMG1

sCl 13 +
MeOH TSAAH
2

-0.24985 Hartree

-0.25733 Hartree

sCl 14 +
MeOH TSaan
2

-0.23982 Hartree

-0.25627 Hartree

sCl 15 +
MeOH TSAAH
2

(S

-0.24343 Hartree

-0.25891 Hartree

sCl 16 +
MeOH TSAAH
2

[ €

(¢

-0.24357 Hartree

-0.25893 Hartree
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HOMO HOMG1 JE

sCl 17
-618.78 ka mol * -628.78 kJ mol ! 10.00 kJ mol *
-0.23568 Hartree -0.23949 Hartree

sCl 18
-626.00 kJ mol * -628.96 kJ mol ! -2.96 kJ mol 1
-0.23843 Hartree -0.23956 Hartree

sCl 19
-629.78 kI mol * -638.02 kJ mol * 8.24 kJ mol *
-0.23987 Hartree -0.24301 Hartree

sCl 20
-647.6 6 kJ mol * -652.99 kJ mol * -5.32 kJ mol *
-0.24668 Hartree -0.24871 Hartree
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HOMO

HOMG1

sCl 17 +
MeOH TSAAH
1

s

w

¢

-0.24246 Hartree

-0.26110 Hartree

sCl 18 +
MeOH TSAAH

L=

-0.23474 Hartree

-0.25497 Hartree

sCl 19 +
MeOH TSAAH
1

-0.23866 Hartree

-0.25886 Hartree

sCl 20 +
MeOH TSaan
1

-0.23385 Hartree

-0.25563 Hartree
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HOMO

HOMG1

sCl17 +
MeOH TSaan
2

/
(=

-0.24261 Hartree

-0.25960 Hartree

sCl 18 +
MeOH TSaan
2

«

L ¥

-0.23535 Hartree

-0.25483 Hartree

sCI19 +
MeOH TSaaH
2

-0.23966 Hartree

-0.25907 Hartree

sCl 20 +
MeOH TSaan
2

>

(

[

-0.23719 Hartree

-0.25806 Hartree
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2.6 Barrierless sCI + Alcohol Reactions

MeOH reaction with sCl 7 (CROO) has a barrierless T@aan 1 channel but the TSaaan2
channel has a barrier, as seen by the expansion and contraction of the H -O bond (in Figure

9). This does not matter too much as either way the krsrfrom the TSaaan2 pathway (1.96 x

10® cm® s1) exceeds both the kg.q & kcovivalues (7.07 x 10%° & 1.63 x 10%° cm® s?)

confirming for CF 00 + MeOH section effectively barrierless regardless of the inclusion of

the barrierless TSaaan 1 channel.
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-200

Relative Energy (kJ mol”)

-250

MeOH reaction with sCl 25 (synrCRCFOOQ) has a barrierlessTSaan 1 channel too but the

Figure 14: Potential Energy Profile MeOH + CF200 TSaan 1 & 2 (red dot is the TS aaan2)
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TSwan 2 channel has a barrier (Figure 10). However, the kystfrom the TSwan2 pathway is a
lower (3.16 x 10®*cm? s?) than the kg.q & KcovLvalues (5.50 x 10%° & 1.87 x 102° cm?® s).
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Figure 15: Energy Profile of sCI25 + MeOH Taaan 1 Channel (Left) & the TS aaan 2 Structure (right)

While there is a small risk a sCI125 + MeOHTSwan 1 barrier may be ident ified at some

point, the lack of this TS aaan 1 structure on the Channel on the energy profile, means the
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author estimates that this is barrierless. Therefore, the

constant of the sCIl25 + MeOH reaction.

2.7 Concentrations of Atmospheric Species used in this Chapter

Table 72: Co-reactant concentrations used in this Chapter

with locations and studies.

kd-g value is employed as the rate

Co-reactant Location Abundance Abundancg Study Ref
(molec/cm 3)
MeOH Séo Paulo, Brazil 34.1 ppb 8.4 x 101! Nguyenet al. 108
EtOH S&o Paulo, Brazil 176.3 ppb 4.3 x 10*? Nguyenet al. 108
iPrOH Séo Paulo, Brazil 44.2 ppb 1.1 x 10% Nguyenet al. 108
H,O S&0 Paulo, Brazil - 6.2 x 10Y7 Bravo et al. 109
(H,0), Sé&o Paulo, Brazil - 4.0 x 10 Bravo et al. 109
O, Sé&o Paulo, Brazil - 7.3 x 101 Vereecken et al. 55
SQ S&o Pailo, Brazil 4.94 ppb 1.2 x 10% Bravo et al. 109
CO Sé&o Paulo, Brazil 2.08 5.1 x 1013 Bravo et al. 109
NO, S&o0 Paulo, Brazil 28.6 1.1 x 101 Bravo et al. 109
CO Global 407.6 ppm 1.0 x 10 NASA 110
HNG Houston, TX 4.5 ppb 1.1 x 10% Leonget al. 111
HCOOH Urban 3.1 x 101! Lin et al. 112
CHCOOH Urban 3.9 x 10%° Lin et al. 112
HCI S. California 1.3 3.2 x 1010 Crisp et al. 113
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2.8 Application of Eckart Tunnelling Factors to TS vip Channels in
MeOH + sClI reactions

The impact of peckartfunctions and the VHP channels change depending on three factors:
the size of the TSvup barriers; the strength of the tunnelling; and the relative reactivity of

the AAAH channels. For example, figure below shows that MeOH +sCl 2 has an energy gap
between TSyup 2 & TSwaan 1 barrier (16.3 kJ mol %), which produces a relatively low  kyup
~4.19 x 10%° cm® s, and without an Eckart factor the Byupis < 0.01. However, the Peckart

correction of ~ 26 increases the kvnpto 1.09 x 10 cm® s and the Byupto a non-negligible
~0.06.

50 o O--.

J TH
50 0 0. o~ TSune 2 o ;
§ +MeoH w2 | S meg & MM mpen e & om,
H/C\CH ’.'427.2\‘; é ,/0"'”CH1 —_ ﬁ CH, ’4 \. e o
- 04 _— ¢ ,/’,’.‘j:o 9 \-‘\", H \C"'H % 0+ o0 S0 7.4 v H;
S 0.0 . AT He £ BN +’ I
E S PRC TSpaan 11 o S ». PRC #" TSasanl "‘ ' ﬁHa
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Figure 4.16: Potential energy surfaces comparing lowest energy TS aaanand TSup pathways for sCl 2 +
MeOH (left) and sCl 14 + MeOH (right)

Two of the three factors that contribute to the  Bvrp the relatively low TSsp barrier (25.3
kJ mol™) and a larger Ppeckart contribution (~37) , produce a high kynpe for MeOH +sCl 4 (5.81
x 10"® cm® s1). However, t he third factor, the low energy TS aaanbarrier (1.21 kJ mol %)
reduc e sutd 490.81. TBIis small contribution of both the overall theoretical ~— Peckart
values for the main pathway (1.36) and the small Byupis confirmed experimentally. In the
study by Orr-Ewing and co-workers referenced earlier, the deuteration of the H atoms in

the MeOH +sCl 4 reaction has very little impact on the overall  kexa'% Despite larger Peckart
corrections (~36.0 fi 70.8), MeOH reactions with sCls 13& 14 see similarly small Bywp

values (~0.01), due to a similarly larger difference (~20 fi 23 kJ mol™) between TSaaanl &
TSme 2 barriers.

Whilst the Anglada et Sole study of sCI + BO reactions, do provide greater Peckat
contributions to the overall reactivity of these sCls, the main observed change is that
these reactions have much larger Bywpvalues, with the Bywefor sCl 2 + HO exceeding
0.5.™* However, throughout theoretical analysis of sClI reactions with both H ,0 and (HO).,
as well as with MeOH, that the Bynpvalue are dictated mainly by the contribution of the
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main reaction, as the kyupvaries very little (~10 8 A 10 cm® s?) compared to the kunp Or
Kaaan (<10° i 102 cm?® s). Whilst these are important trends, for the purposes of this
study, the main contribution of the VHP channel is provided in small but non -negligible
yields for side reactions, the biggest of which is for sCI2 + MeOH with a Bywp of 0.06.
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3.0 Supplementary Information for

Chapter 4: Bimolecular

sinks of Criegee intermediates derived from

Hydrofluoroolefins

3.1 Rate Constants

3.1.1 Master Equation Rate Constants calculated with MESMER

Rate constants for all non-barrierless reactions over a variety of temperatures:

Table 73: Master Equation rate constants for all non -barrierless reactions between 200 i 400K

Co Grain Kme (cm® s1)
reactant | sCl | size 200 K 275 K 298.15 K 325 K 400 K
1 10 2.77E11 3.48E12 2.79E12 2.25E12 1.40E12
HCHO 2 10 2.02E12 3.69E13 2.69E13 1.98E13 1.11E13
3 10 2.27E11 3.32E12 2.49E12 1.82E12 8.59E13
5 5 4.59E11 2.12E11 1.66E11 1.25E11 5.86E12
CRCFO 1 10 2.27E10 2.92E12 1.98E12 1.32E12 5.11E13
SO 2 10 9.81E12 2.52E12 1.90E12 1.41E12 7.20E13
1 15 3.89E-04 5.48E-08 8.22E-09 1.21E09 3.95E-11
2 15 5.47E09 511E-11 2.06E11 8.69E-12 1.70E-12
HNG; 3 15 1.99E07 3.03E-10 8.87E11 3.29E-11 8.53E-12
4 15 4.03E-05 2.85E-07 9.51E-08 3.07E-08 2.44E-09
5 15 2.97E07 8.58E-11 7.57E11 6.64E-11 4.30E-11
1 10 2.24E-12 4.31E-13 3.32E-13 2.62E-13 1.71E13
2 10 2.51E-19 3.63E-18 6.67E-18 1.24E17 4.79E-17
HF 3 10 2.44E-15 2.59E-15 2.86E-15 3.23E-15 4.48E-15
4 10 5.35E-10 2.05E-11 1.19E11 7.20E12 2.73E-12
5 10 2.41E-12 4.90E-13 3.66E-13 2.78E-13 1.64E-13
1 5 7.60E08 8.37E10 4.70E10 3.21E10 1.99E10
2 5 1.46E14 3.34E14 4.04E14 4.93E14 7.76E14
HCI 3 5 4.26E10 9.05E11 7.28E11 5.72E11 3.23E11
4 5 4.18E10 2.05E10 1.64E10 1.28E10 6.67E11
5 5 3.92E09 1.42E10 1.13E10 8.66E11 451E11
1 10 4.04E-15 6.31E-15 7.06E-15 8.00E-15 1.09E-14
2 10 2.73E17 1.37E-16 1.96E-16 2.84E-16 6.49E-16
H,S 3 10 4.34E-15 5.36E-15 5.72E-15 6.18E-15 7.67E-15
4 10 3.02E-12 7.91E-13 6.08E-13 4.74E-13 3.00E-13
5 10 1.61E-14 1.26E-14 1.23E-14 1.21E-14 1.26E-14
1 10 1.35E17 8.04E-17 1.18E-16 1.73E16 4.00E-16
2 10 1.63E-20 6.27E-19 1.35E-18 2.90E-18 1.47E17
H,O 3 10 1.61E17 7.99E-17 1.12E-16 1.59E-16 3.37E-16
4 10 8.71E11 8.15E-12 5.13E-12 3.23E-12 1.24E-12
5 10 1.43E12 3.06E-13 2.27E13 1.69E-13 9.66E-14
1 25 3.18E-09 9.88E-12 3.28E-12 1.22E-12 2.18E-13
2 25 1.15E09 7.04E-12 2.71E12 1.09E12 1.62E-13
(H,0), 3 25 5.60E-09 7.50E-12 3.74E-12 1.96E12 4.00E-13
4 35 2.71E-06 2.21E-06 1.14E-06 4 91E-07 3.65E-08
5 45 1.05E-07 8.51E-09 1.46E-09 1.30E-09 1.91E-10
MeOH 1 10 2.65E14 1.34E14 1.20E14 1.09E14 9.48E15
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2 10 2.55E17 7.34E17 9.43E17 1.23E16 2.28E16
3 10 1.86E13 4.32E14 3.30E14 2.57E14 1.62E14
4 10 1.10E10 6.08E11 5.17El11 4.27E11 2.52E11
5 20 6.92E09 7.91E11 3.31E11 1.04E11 2.22E12
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3.1.2 Canonical Rate Constants calculated withn MESMER

Rate constants for all non -barrierless reactions over a variety of temperatures:

Table 74: Overall Canonical Rate Constants ( kcany of HCHO +sCls 1, 23, 24 & 26 based on a steady state

treatment of individual

canonical rate coefficients of reaction ( kz, k1, and k)

sCl# T Q Q Q Q
(K) (cm’s?) (cm’s?) (sh) (s?)
200 1.82E09 9.99E11 7.83E+10 1.43E+12
275 5.66E11 1.00E10 2.44E+12 1.38E+12
1 298 2.83E11 1.00E10 4.81E+12 1.36E+12
325 1.45E11 1.00E10 9.29E+12 1.34E+12
400 3.81E12 1.00E10 3.40E+13 1.29E+12
200 2.65E12 1.01E10 4.56E+10 1.20E+09
275 4.17E13 1.01E10 9.49E+11 3.93E+09
23 298 2.94E13 1.01E10 1.70E+12 4.98E+09
325 2.11E13 1.00E10 2.99E+12 6.26E+09
400 1.13E13 1.00E10 8.81E+12 9.95E+09
200 2.52E10 1.01E10 2.19E+10 5.48E+10
275 1.15E11 1.01E10 9.49E+11 1.08E+11
24 298 6.24E12 1.01E10 2.00E+12 1.24E+11
325 3.45E12 1.01E10 4.11E+12 1.41E+11
400 1.08E12 1.00E10 1.70E+13 1.83E+11
200 5.61E08 1.01E10 1.02E+09 5.71E+11
275 5.31E10 1.00E10 9.80E+10 5.20E+11
26 298 2.10E10 1.00E10 2.42E+11 5.07E+11
325 8.46E11 1.00E10 5.83E+11 4.93E+11
400 1.39E11 1.00E10 3.35E+12 4.63E+11

Table 75: Overall Canonical Rate Constants ( Acay of CFsCFO +sCl 1 based on a steady state treatment of

individual canonical rate coefficients of reaction (

ki, k1, ko, ks, ks,and kq))

sCl| T Q Q Q Q Q Q Q

# (K | (s (cn?s?) (s?) (s?) (cm’s?) (s?) (s?)
200 | 1.21E09 1.01E10 | 3.17E+09| 3.50E+10| 1.01E10 | 9.36E+09 | 8.14E+09
275 | 1.82El1 1.01E10 | 4.48E+11| 7.03E+10| 1.00E10 | 1.13E+12 | 2.68E+10

1 [298] 7.97E12 1.01E10 | 1.20E+12| 8.08E+10| 1.00E10 | 2.92E+12 | 3.41E+10
325 | 3.58E12 1.01E10 | 3.11E+12| 9.26E+10| 1.00E10 | 7.37E+12 | 4.33E+10
400 | 7.42E13 1.01E10 | 2.08E+13| 1.22E+11] 1.00E10 | 4.63E+13 | 7.04E+10
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Table 76: Overall Canonical Rate Constants ( kcan of SO, + sCI23 based on a steady state treatment of

individual canonical rate coefficients of reaction (

/(1, /CJ, /(2, /(3, /63, and /(4)

sCl| T Q Q Q Q Q Q Q

# | (K (cm?s?) (cn?s?) (s (sh (cm?s?) (sh (sh
200 | 7.06E11 1.01E10 | 1.78E+11| 3.47E+10| 1.01E10 | 3.15E+11| 1.59E+11
275 | 5.20E12 1.01E10 | 3.95E+12| 5.90E+10| 1.01E10 | 4.78E+12| 1.76E+11

23 [ 298| 3.16E12 1.01E10 | 7.18E+12 6.56E+10| 1.01E10 | 8.03E+12| 1.79E+11
325 | 1.97E12 1.01E10 | 1.28E+13| 7.29E+10| 1.00E10 | 1.32E+13| 1.82E+11
400 | 7.94E13 1.00E10 | 3.87E+13| 9.04E+10| 1.00E10 | 3.39E+13 | 1.89E+11

Table 77: Overall Canonical Rate Constants ( Acay of HNOs + sCls 1, 23126 based on a steady state treatment
of individual canonical rate coefficients of reaction ( &z, k1, and k)

sCI# T Q Q Q Q
(K) (cn’s?) (cm’s?) (s (sh)
200 6.58E03 1.01E10 6.61E+02 4.30E+10
275 2.66E06 1.01E10 3.96E+06 1.04E11
1 298 5.47E07 1.01E10 2.308-07 12511
325 1.15E07 1.01E10 1.30E+08 14911
400 4.87E09 1.00E10 4.44E+09 2.15E+11
200 7.22E09 1.00E10 1.21E+07 8.73E+08
275 7.72E11 1.00E10 2.52E+09 1.94E+09
23 298 3.13E11 1.00E10 7.32E+09 2.28E+09
325 1.29E11 1.00E10 2.08E+10 2.68E+09
400 2.20E12 1.00E10 1.68E+11 3.70E+09
200 8.68E07 101E10 9.60E+05 8.29E-09
275 2.95E09 1.00E10 7.70E+08 2.26E+10
24 298 9.42E10 1.00E10 2.95E+09 2.77E+10
325 3.08E10 1.00E10 1.11E+10 3.40E+10
400 3.23E11 1.00E10 1.59E+11 5.14E+10
200 1.27E01 1.00E10 2.72E+02 3.45E+11
275 1.42E05 1.00E10 1.91E+06 2.70E+11
25 298 2.24E06 1.00E10 1.14E+07 2.56E+11
325 3.63E07 1.00E10 6.68E+07 2.42E+11
400 8.88E09 1.00E10 2.42E+09 2.14611
200 9.93E03 1.01E10 5.48E+02 5.39E+10
275 2.13E06 1.01E10 3.72E+06 7.89E+10
26 298 3.88E07 1.01E10 2.22807 8.56E+10
325 7.25E08 1.01E10 1.29E+08 9.28E+10
400 2.41E09 1.00E10 4.59E+09 1.10E+11
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Table 78: Overall Canonical Rate Constants (kcany of HF + sCls 1, 23 26 based on a steady state treatment of

individual canonical rate coefficients of reaction ( k1, k1, and k)
sCl# T o) o) o) Q
(K) (cnPs?) (cnPs?) sH) (sH)
200 2.26E12 1.01E10 2.60E+04 5.81E+02
275 4.37E13 1.01E10 2.29E+07 9.92E+04
1 298 3.36E13 1.01E10 9.19E+07 3.07E+05
325 2.65E13 1.01E10 3.64E+08 9.57E+05
400 1.72E13 1.01E10 6.15E+09 1.05E+07
200 2.51E19 1.01E10 6.81E+07 1.70E01
275 3.63E18 1.00E10 5.17E+09 1.87E+02
23 298 6.67E18 1.00E10 1.25E+10 8.28E+02
325 1.24E17 1.00E10 2.96E+10 3.67E+03
400 4.79E17 1.00E10 1.72E+11 8.23E+04
200 2.44E15 1.01E10 1.10E+07 2.67E+02
275 2.59E15 1.00E10 2.07E+09 5.35E+04
24 298 2.86E15 1.00E10 6.05E+09 1.72E+05
325 3.23E15 1.00E10 1.74E+10 5.62E+05
400 4.48E15 1.00E10 1.52E+11 6.79E+06
200 1.05E09 1.01E10 3.99E+07 4,17E+08
275 4.61E11 1.01E10 5.39E+09 2.47E+09
25 298 2.44E11 1.01E10 1.47E+10 3.57E+09
325 1.31E11 1.00E10 3.94E+10 5.13E+09
400 3.66E12 1.00E10 2.96E+11 1.08E+10
200 2.42E12 1.01E10 1.67E+06 4.02E+04
275 4.93E13 1.00E10 4.61E+08 2.26E+06
26 298 3.68E13 1.00E10 1.45E+09 5.31E+06
325 2.79E13 1.00E10 4.50E+09 1.25E+07
400 1.64E13 1.00E10 4.53E+10 7.42E+07
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Table 79: Overall Canonical Rate Constants ( kcan of HCI + sCls 1, 231 26 based on a steady state treatment

of individual canonical rate coefficients of reaction ( &z, k1, and k)
sCl# T Q Q Q ko]
(K) (cnPs?) (cnPs?) (sh) (sh)
200 6.60E07 1.00E10 2.16E+08 1.43E+12
275 8.46E09 1.00E10 1.75E+10 1.48E+12
1 298 3.48E09 1.00E10 4,29E+10 1.49E+12
325 1.45E09 1.00E10 1.04E+11 1.51E+12
400 2.46E10 1.00E10 6.22E+11 1.53E+12
200 1.46E15 1.01E10 1.28E+10 1.85E+05
275 3.35E15 1.01E10 2.02E+11 6.70E+06
23 298 4.05E15 1.01E10 3.49E+11 1.40E+07
325 4.93E15 1.01E10 5.96E+11 2.92E+07
400 7.76E15 1.00E10 1.72E+12 1.33E+08
200 2.80E10 1.01E10 1.62E+10 4.52E+10
275 2.56E11 1.00E10 3.93E+11 1.00E+11
24 298 1.59E11 1.00E10 7.46E+11 1.18E+11
325 1.01E11 1.00E10 1.40E+12 1.40E+11
400 4.05E12 1.00E10 4,93E+12 1.99E+11
200 3.30E09 1.00E10 9.27E+08 3.05E+10
275 1.39E10 1.00E10 2.91E+10 4.03E+10
25 298 7.32E11 1.00E10 5.81E+10 4.24E+10
325 3.90E11 1.00E10 1.14E+11 4.45E+10
400 1.10E11 1.00E10 4.44E+11 4.87E+10
200 1.38E09 1.01E10 1.18E+09 1.63E+10
275 6.62E11 1.00E10 5.00E+10 3.30E+10
26 298 3.64E11 1.00E10 1.06E+11 3.85E+10
325 2.03E11 1.00E10 2.22E+11 4,50E+10
400 6.41E12 1.00E10 9.77E+11 6.25E+10
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Table 80: Overall Canonical Rate Constants ( kcay of H2S +sCls 1, 231 26: based on a steady state treatment
of individual canonical rate coefficients of reaction (

/(1, /61, /(2, /(3, /63, and /(4)

sCH| T Q Q Q Q Q Q Q
(K) (cm?s™) (cn?s?) (sh (sh (cm?s?) (sh (sh
200 | 4.04E15 1.01E10 | 4.10E+11] 9.05E+06 1.00E10 | 4.62E+11] 8.34E+06
275 | 6.31E15 1.01E10 | 3.66E+12 1.24E+08 1.00E10 | 3.99E+12 1.16E+08
1 [ 298 | 7.06E15 1.01E10 | 5.55E+12 2.09E+08 1.00E10 | 6.01E+12| 1.96E+08
325 | 8.00E15 1.01E10 | 8.26E+12[ 3.51E+08 1.00E10 | 8.88E+12| 3.30E+08
400 | 1.09E14 1.01E10 | 1.75E+13 1.01E+09 1.00E10 | 1.86E+13 9.50E+08
200 | 2.73E17 1.01E10 | 5.05E+11] 1.01E+05 1.00E10 | 8.12E+11] 5.66E+04
275 | 1.37E16 1.01E10 | 1.67E+12 1.54E+06] 1.00E10 | 1.94E+12 8.56E+05
2 | 298 | 1.96E16 1.01E10 | 2.05E+12 2.64E+06 1.00E10 | 2.23E+12| 1.48E+06
325 | 2.84E16 1.01E10 | 2.47E+12 4.50E+06] 1.00E10 | 2.52E+12| 2.52E+06
400 | 6.49E16 1.00E10 | 3.35E+12 1.33E+07] 1.00E10 | 3.00E+12| 7.50E+06
200 | 3.01E10 1.01E10 | 5.11E+13 1.52E+14] 1.01E10 | 1.52E+14| 2.04E+09
275 | 5.36E15 1.01E10 | 1.09E+14] 3.72E+09] 1.00E10 | 2.42E+14| 4.59E+09
3 | 298 | 5.72E15 1.01E10 | 1.22E+14] 4.40E+09] 1.00E10 | 2.56E+14| 5.35E+09
325 | 6.18E15 1.01E10 | 1.35E+14) 5.18E+09] 1.00E10 | 2.67E+14| 6.17E+09
400 | 7.67E15 1.01E10 | 1.54E+14) 7.10E+09] 1.00E10 | 2.69E+14| 8.15E+09
200 | 2.99E12 1.01E10 | 7.85E+10] 1.84E+09] 1.00E10 | 7.97E+10| 4.96E+08
275 | 7.39E13 1.01E10 | 6.78E+11] 3.61E+09 1.00E10 | 6.36E+11] 1.29E+09
4 | 298 | 5.71E13 1.00E10 | 1.02E+12] 4.10E+09] 1.00E10 | 9.38E+11] 1.56E+09
325 | 4.49E13 1.00E10 | 1.50E+12] 4.63E+09] 1.00E10 | 1.36E+12 1.87E+09
400 | 2.92E13 1.00E10 | 3.07E+12 5.90E+09] 1.00E10 | 2.69E+12 2.68E+09
200 | 1.60E14 1.01E10 | 3.85E+10] 3.70E+06 1.01E10 | 3.97E+10 2.49E+06
275 | 1.26E1l4 1.00E10 | 5.76E+11| 4.19E+07] 1.01E10 | 5.97E+11] 3.12E+07
5 | 298 | 1.23E14 1.00E10 | 9.69E+11| 6.82E+07] 1.01E10 | 1.00E+12 5.19E+07
325 | 1.21E14 1.00E10 | 1.59E+12] 1.10E+08 1.00E10 | 1.65E+12| 8.55E+07
400 | 1.26E14 1.00E10 | 4.13E+12] 2.92E+08 1.00E10 | 4.29E+12| 2.36E+08
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Table 81: Overall Canonical Rate Constants ( kcany of H20O +sCls 1, 231 26: based on a steady state treatment

of individual canonical rate coefficients of reaction (

/(1, /61, /(2, /(3, /63, and /(4)

sCl#| T Q Q Q Q Q Q Q
(K) (cm’s?) (cm’s?) (sY (sY (cm’s?) (s (s
200 1.35E17 1.00E10 6.00E+07| 7.04E+00| 1.00E10 6.00E+07| 1.02E+00
275 8.04E17 1.00E10 3.68E+09| 2.38E+03| 1.00E10 3.68E+09| 5.69E+02
1 298 1.18E16 1.00E10 8.39E+09| 7.79E+03| 1.00E10 8.39E+09| 2.07E+03
325 1.73E16 1.00E10 1.88E+10| 2.51E+04| 1.00E10 1.88E+10| 7.38E+03
400 4.00E16 1.00E10 9.34E+10| 2.73E+05| 1.00E10 9.34E+10| 9.98E+04
200 1.63E20 1.00E10 1.54E+10| 6.74E01 1.00E10 1.54E+10| 1.83E+00
275 6.27E19 1.00E10 1.15E+11| 2.24E+02| 1.00E10 1.15E+11| 4.98E+02
2 298 1.35E18 1.00E10 1.69E+11| 7.28E+02| 1.00E10 1.69E+11| 1.55E+03
325 2.90E18 1.00E10 2.44E+11| 2.32E+03| 1.00E10 2.44E+11| 4.74E+03
400 1.47E17 1.00E10 4.86E+11| 2.49E+04| 1.00E10 4.86E+11| 4.65E+04
200 1.61E17 1.01E10 6.88E+08| 9.27E+01| 1.01E10 6.88E+08| 1.72E+01
275 7.99E17 1.00E10 2.41E+10| 1.52E+04| 1.00E10 2.41E+10| 4.05E+03
3 298 1.12E16 1.00E10 4.89E+10| 4.25E+04| 1.00E10 4.89E+10| 1.22E+04
325 1.59E16 1.00E10 9.71E+10| 1.17E+05| 1.00E10 9.71E+10| 3.64E+04
400 3.37E16 1.00E10 3.78E+11| 9.31E+05| 1.00E10 3.78E+11| 3.37E+05
200 1.12E10 1.01E10 1.29E+09| 5.84E+08| 1.01E10 5.61E+08| 3.69E+08
275 8.88E12 1.00E10 4 52E+10| 1.63E+09| 1.01E10 2.69E+10| 1.40E+09
4 298 5.33E12 1.00E10 9.11E+10| 1.98E+09| 1.01E10 5.80E+10| 1.81E+09
325 3.23E12 1.00E10 1.80E+11| 2.38E+09| 1.01E10 1.22E+11| 2.31E+09
400 1.19E12 1.00E10 6.89E+11| 3.38E+09| 1.01E10 5.35E+11| 3.71E+09
200 1.45E12 1.01E10 2.69E+08| 1.25E+06| 1.01E10 2.69E+08| 2.64E+06
275 3.10E13 1.00E10 2.09E+10| 2.46E+07| 1.00E10 2.09E+10| 3.98E+07
5 298 2.28E13 1.00E10 4.96E+10| 4.46E+07| 1.00E10 4.96E+10| 6.84E+07
325 1.70E13 1.00E10 1.15E+11| 7.99E+07| 1.00E10 1.15E+11| 1.16E+08
400 9.68E14 1.00E10 6.20E+11| 2.60E+08| 1.00E10 6.20E+11| 3.39E+08

129




Table 82: Overall Canonical Rate Constants ( Acan of (H20), + sCls 1, 23126 based on a steady state treatment
of individual canonical rate coefficients of reaction (

/(1, /61, /(2, /(3, /63, and /(4)

SCl T 0 Q Q Q Q Q Q

(K) (cm?st) (cm?st) (sh) (sh) (cm?st) (sh) (sh)
200 8.04E09 1.01E10 1.01E+07| 1.99E+08 1.01E10 7.06E+06| 1.47E+07
1.01E10 5.45E+06| 1.62E+08 1.01E10 9.74E+06| 2.71E+08
275 4.98E11 1.01E10 8.14E+09| 9.31E+08 1.01E10 5.92E+09| 1.25E+08
1.01E10 6.10E+09| 8.84E+08 1.01E10 9.04E+09| 1.30E+09
1 208 1 44E11 1.00E10 3.19E+10| 1.24E+09 1.01E10 2.33E+10| 1.88E+08
1.01E10 2.56E+10| 1.22E+09 1.01E10 3.65E+10| 1.75E+09
325 4.85E12 1.00E10 1.23E+11| 1.64E+09 1.01E10 9.00E+10| 2.79E+08
1.01E10 1.05E+11| 1.66E+09 1.01E10 1.45E+11| 2.32E+09
400 5 09E13 1.00E10 1.92E+12| 2.75E+09 1.01E10 1.41E+12| 5.98E+08
1.01E10 1.89E+12| 2.99E+09 1.00E10 2.41E+12| 3.96E+09
200 1 57E09 1.01E10 5.04E+07| 2.28E+08 1.01E10 4.92E+07| 2.13E+07
1.01E10 1.52E+07| 8.51E+07 1.01E10 4.44E+07| 2.24E+08
275 1 01E11 1.01E10 3.58E+10| 1.09E+09 1.00E10 4.04E+10| 2.22E+08
1.01E10 1.53E+10| 5.13E+08 1.00E10 3.58E+10| 1.12E+09
2 208 3.57E12 1.00E10 1.36E+11| 1.46E+09 1.00E10 1.59E+11| 3.51E+08
1.01E10 6.24E+10| 7.25E+08 1.00E10 1.39E+11| 1.52E+09
325 1 26E12 1.00E10 5.05E+11| 1.94E+09 1.00E10 6.10E+11| 5.48E+08
1.00E10 2.51E+11| 1.01E+09 1.00E10 5.33E+11| 2.03E+09
400 1 48E13 1.00E10 7.31E+12| 3.30E+09 1.00E10 9.49E+12| 1.31E+09
1.00E10 4.27E+12| 1.94E+09 1.00E10 8.18E+12| 3.55E+09
200 5 86E08 1.01E10 2.86E+08| 7.70E+09 1.01E10 2.59E+08| 8.47E+10
1.01E10 1.69E+08| 1.55E+10 1.01E10 1.58E+08| 2.14E+10
275 133E10 1.01E10 1.32E+11| 1.32E+10 1.01E10 1.53E+11| 9.42E+10
1.01E10 8.35E+10| 2.19E+10 1.01E10 8.85E+10| 3.05E+10
3 208 3.78E11 1.01E10 4.58E+11| 1.44E+10 1.01E10 5.63E+11| 9.40E+10
1.00E10 2.96E+11| 2.29E+10 1.01E10 3.21E+11| 3.21E+10
325 1 08E11 1.00E10 1.57E+12| 1.54E+10 1.01E10 2.03E+12| 9.29E+10
1.00E10 1.03E+12| 2.36E+10 1.01E10 1.15E+12| 3.33E+10
400 8.15E13 1.00E10 1.90E+13| 1.70E+10 1.00E10 2.79E+13| 8.70E+10
1.00E10 1.30E+13| 2.42E+10 1.00E10 1.53E+13| 3.44E+10
200 2 87E01 1.00E10 1.14E+04| 2.95E+12 1.01E10 5.96E+03| 8.52E+12
1.00E10 2.78E+04| 9.32E+12 1.00E10 2.01E+04| 1.66E+13
275 1. 04E05 1.00E10 1.26E+08| 1.61E+12 1.00E10 8.93E+07| 3.99E+12
1.00E10 2.77E+08| 4.25E+12 1.00E10 2.31E+08| 7.07E+12
4 208 1 25E06 1.00E10 8.51E+08| 1.39E+12 1.00E10 6.41E+08| 3.34E+12
1.00E10 1.83E+09| 3.54E+12 1.00E10 1.57E+09| 5.81E+12
325 1 53E07 1.00E10 5.62E+09| 1.19E+12 1.00E10 4.52E+09| 2.78E+12
1.00E10 1.18E+10| 2.93E+12 1.00E10 1.05E+10| 4.75E+12
400 1.99E09 1.00E10 2.69E+11| 8.39E+11 1.00E10 2.49E+11| 1.85E+12
1.00E10 5.47E+11| 1.93E+12 1.00E10 5.23E+11| 3.05E+12
200 5 33E03 1.01E10 2.26E+04| 1.59E+11 1.01E10 1.04E+04| 4.16E+11
1.01E10 2.17E+04| 9.18E+10 1.01E10 2.74E+04| 4.16E+10
275 4.80E07 1.00E10 1.69E+08| 1.47E+11 1.01E10 1.12E+08| 3.39E+11
1.01E10 1.53E+08| 9.17E+10 1.01E10 1.60E+08| 4.41E+10
5 208 7 07E08 1.00E10 1.04E+09| 1.41E+11 1.01E10 7.48E+08| 3.18E+11
1.01E10 9.33E+08| 8.96E+10 1.01E10 9.39E+08| 4.35E+10
325 1 06E08 1.00E10 6.31E+09| 1.35E+11 1.01E10 4.89E+09| 2.96E+11
1.01E10 5.58E+09| 8.66E+10 1.00E10 5.40E+09| 4.25E+10
400 2 12E10 1.00E10 249E+11| 1.17E+11 1.00E10 2.29E+11| 2.48E+11
1.00E10 2.16E+11| 7.77E+10 1.00E10 1.93E+11| 3.88E+10
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Table 83: Overall Canonical Rate Constants ( kcany of MeOH +sCls 1, 231 26 based on a steady state treatment

of individual canonical rate coefficients of reaction (

k1, k1, ko, k3, ks and ku).

Note: sCl 4 + MeOH has one barrierless step and one with a barrier so the dipole -dipole capture rate constant

is used.
sCl# T
(K) (cn’s?) (sY (sh) (cn®s?) (sY (sh)
200 2.65E14 1.01E10 2.89E+08| 6.86E+04| 1.01E10 2.89E+08| 7.70E+03
275 1.34E14 1.00E10 2.21E+10| 2.43E+06| 1.00E10 2.21E+10| 5.23E+05
1 298 1.20E14 1.00E10 5.21E+10| 5.01E+06| 1.00E10 5.21E+10| 1.24E+06
325 1.09E14 1.00E10 1.21E+11| 1.02E+07| 1.00E10 1.21E+11| 2.89E+06
400 9.48E15 1.00E10 6.41E+11| 4.41E+07| 1.00E10 6.41E+11| 1.64E+07
200 2.55E17 1.01E10 2.80E+10| 6.90E+03| 1.01E10 2.80E+10| 1.90E+02
275 7.34E17 1.01E10 2.34E+11| 1.59E+05| 1.01E10 2.34E+11| 1.10E+04
2 298 9.43E17 1.01E10 3.49E+11| 3.02E+05| 1.01E10 3.49E+11| 2.52E+04
325 1.23E16 1.01E10 5.10E+11| 5.67E+05| 1.01E10 5.10E+11| 5.71E+04
400 2.28E16 1.00E10 1.04E+12| 2.06E+06| 1.00E10 1.04E+12| 3.06E+05
200 1.87E13 1.01E10 2.70E+09| 4.53E+06| 1.01E10 2.70E+09| 4.97E+05
275 4.34E14 1.00E10 1.30E+11| 4.62E+07| 1.00E10 1.30E+11| 1.00E+07
3 298 3.31E14 1.00E10 2.80E+11| 7.38E+07| 1.00E10 2.80E+11| 1.85E+07
325 2.57E14 1.00E10 5.88E+11| 1.17E+08| 1.00E10 5.88E+11| 3.37E+07
400 1.62E14 1.00E10 2.55E+12| 2.98E+08| 1.00E10 2.55E+12| 1.15E+08
200 >>Kg.q >>Kg.q >>Kg.q >>Kg.d 1.00E10 2.33E+08| 1.41E+10
275 >>Kg.q >>Kg.q >>Kg.q >>Kg.d 1.00E10 2.32E+10| 1.76E+10
4 298 >>Kg.q >>Kg.q >>Kg.q >>Kg.d 1.00E10 5.79E+10| 1.82E+10
325 >>Kg-d >>Kg.q >>Kg.q >>Kg.d 1.00E10 1.41E+11| 1.88E+10
400 >>Kg-d >>Kg.q >>Kg.q >>Kg.d 1.00E10 8.27E+11| 1.98E+10
200 6.33E09 1.01E10 2.09E+08| 5.93E+09| 1.01E10 1.20E+08| 4.14E+09
275 9.09E11 1.00E10 2.25E+10| 9.23E+09| 1.01E10 1.53E+10| 7.52E+09
5 298 4.65E11 1.00E10 3.99E+10| 1.00E+10| 1.01E10 3.99E+10| 8.43E+09
325 1.71E11 1.00E10 1.40E+11| 1.09E+10| 1.01E10 1.02E+11| 9.43E+09
400 3.29E12 1.00E10 8.47E+11| 1.26E+10| 1.00E10 6.59E+11| 1.17E+10
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3.1.3 MESMER Calculations of Nonstandard Conditions

To validate the results in this thesis comparative calculations of the reactions of sCI +

various co-reactant are undertaken here on non -standard conditions, to compare to

already existing literature the oretical or experimental results of the same reaction:

Table 84: sCI 1 + co-reactants under experimental conditions, atmospheric pressure and temperature applied
to MESMER method. Note:sCI 25 + HCHO;sCl 1 + CRCFO; sCls 1, 24, 25 and 26 with SO,; and sCls 1, 23126
with TFA are barrierless reactions (see IRCs in section S7) and so are not included in Table. The sCI 25+

MeOH rate constant is only for TS2 as TS1 is barrierless.

. kCAN (Cm3 S_l)
Reaction (Té’rr) T (K) i:;"e” K, K, K Kro K
cm3 st st st cmd st
27 | 295 1.01E10 | L1.86E+07| 1.22E+11 | 6.62E07 | 6.18ELL
sCli+ | 31 | 205 | [ 10IEI0 | 186E+07| 1.0E+I1 | 6.62E07 | 6.18E1L
HNO 35 | 295 1.01E10 | L1.86E+07| 1.22E+11 | 6.62E07 | 6.18ELL
760 | 295 1.01E10 | L1.86E+07| 1.22E+11 | 6.62E07 | 1.04E08
1.00E10 | 7.10E+09| 6.12E+03 | 8.64E17
scii+ | 20 [ 298| 10 00510 | 7.10E+09| 1.59E+03 | 2.24E17 | 09F16
H,0 1.00E10 | 8.12E+09| 7.43E+03 | 9.17E17
760 | 297 | 10 00E10 | 8.12E+09| L.96E+03 | 2.42817 | L-16E16
1.01E10 | 564E+12| 2.14E+08 | 3.81E15
100 | 299 | 10 00E10 [ 6.11E+12| 2.00E+08 | 3.20815 | (1OELS
1.01E10 | 564E+12| 2.14E+08 | 3.81E15
250 | 299 | 10 00E10 | 6.11E+12| 2.00E+08 | 3.20815 | (1OELS
sClI1+ 1.01E10 | 564E+12| 2.14E+08 | 3.81E15
H,S 500 | 299 | 10 m00E10 | 6.11E+12| 2.00E+08 | 3.20E15 | (1OELS
1.01E10 | 3.88E+12| 1.33E+08 | 3.45E15
100 | 278 | 10 = 00E10 | 4.23E+12| 1.24E+08 | 2.95815 | O-40ELS
1.01E10 | 7.51E+12| 3.10E+08 | 4.15E15
100 | 318 | 10 T 00E10 | 8.00E+12| 2.91E+08 | 3.60E15 | ~/°ELS
1.00E10 | 4.70E+10| 4.59E+06 | 9.81E15
90 | 295 | 10 T00E10 | 4.70E+10| 1.11E+06 | 2.38E15 | LO%E13
1.00E10 | 8.86E+09| 1.14E+06 | 1.29E14
10125451 10 m="00E10 | 8.86E+09| 2.12E+05 | 2.41E15 | L1OEL2
sCI1 + 1.00E10 | 1.27E+10| 1.53E+06 | 1.21E14
MeoH | 100 | 26211 10 o0ei0 | 1.27E+10| 3.02E+05 | 2.40815 | L1O0EL3
1.00E10 | 4.32E+10| 4.27E+06 | 9.94E15
1012926 10— "00g10 | 4.32E+10| 1.02E+06 | 2.38E15 | >-2°F13
1.00E10 | 1.30E+11| 1.10E+07 | 8.43E15
10 132781 10 = 00E10 | 1.30E+11| 3.13E+06 | 2.41E15 | °-20F13
27 | 295 1.00E10 | 3.85E+10| 1.49E+12 | 3.88E09 | 5.04E10
scii+ | 3L | 205 | 1.00E10 | 3.85E+10| 1.49E+12 | 3.88E09 | 5.04E10
HCl 35 | 295 1.00E10 | 3.85E+10| 1.49E+12 | 3.88E09 | 5.04E10
760 | 295 1.00E10 | 3.85E+10| 1.49E+12 | 3.88E09 | 4.98E10
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3.1.4 Conditions of MESMER Calculations

Table 85: The conditions applied to each reaction system calculated using MESMER: Including the grain sizes used for calculations; Transition States that do not apply an

oOBarrierl es

Eckart function; Reaction channels without TS mini ma r ef edroreactsydtem. a s
Reaction system Grain size to TSs without Barrierless channels and | Grainsize to Temperatures (K) and Pressures (Torr)
determine Kye Eckart Functions their kg4 value determine Bryeo
sCl 1+ HCHO grainsize 10 N/A N/A grainsize 15 At 760 Torr: 200, 275, 298, 325 & 400 K
sCls 23 & 24 + grainsize 10 N/A sCl 1+ CRCHO TSc 1 & 2 | grainsize 40. At 760 Torr: 200, 275, 298, 325 & 400 K
HCHO, andsCI 1+ | (grainsize 5 sCl24 (Kg.g ~ 6.50 x 101° cm® s
CRCHO + HCHO)
sCls 5 & 26 + sCl26 + HCHOd sCl 26 + HCHO sCl25 + HCHO TScKy4 ~ | grainsize 40. At 760 Torr: 200, 275, 298, 325 & 400 K
HCHO, andsCI 1+ | grainsize 5 TSc 7.20 x 10 cm® sY)
CRCFO sCl 1+ CRCFOd
grainsize 10
sCl1+SQ N/A N/A sCl 1+ SQ (Kgq ~7.25 grainsize 20 At 760 Torr: 200, 275, 298, 325 & 400 K
x 100 cm?® s1)
sCls 23 & 24 + SQ | grainsize 10 sCl 2+ SQ sCl24 + SQ (kg.q ~4.08 sCl2 + SQ: At 760 Torr: 200, 275, 298, 325 & 400 K
x 100 cm3 s?) grainsize 50
sCI3 + SQ:
grainsize 40.
sCls 5 & 26 +SQ | N/A N/A sCls25 & 26 + SQ (kqq ~ | grainsize 50 At 760 Torr: 200, 275, 298, 325 & 400 K
4518 4.42x10°%cm®s
1
)
sCl 1+ HNQ grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl 23 + HNQ grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl24 + HNQ grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCI25 + HNQ grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl126 + HNQ grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl 1+ TFA N/A N/A sCl 1+ TFA TS Kg.q ~7.54 | N/A -295 K Pressures: 27, 31, 35 & 760 Torr
x 101 cm?® s?) -At 760 Torr: 200, 275, 298, 325 & 400 K
sClI23 + TFA N/A N/A sCI23 + TFA TS Kyq N/A At 760 Torr: 200, 275, 298, 325 & 400 K

~4.96 x 10 cm® s?Y
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sCl24 + TFA N/A N/A sCl24 + TFA TS Ky.q N/A At 760 Torr: 200, 275, 298, 325 & 400 K
~3.98 x 10 cm?® s?)
sCI25 + TFA N/A N/A sCI25 + TFA TS Ky.q N/A At 760 Torr: 200, 275, 298, 325 & 400 K
~4.35 x 10 cm?® s?)
sCI26 + TFA N/A N/A sCI26 + TFA TS kq.q N/A At 760 Torr: 200, 275, 298, 325 & 400 K
~4.27 x 10 cm® s?)
sCl 1+ H,0 grainsize 10 N/A N/A N/A -At 293 K & 50 Torr; 297 K & 760 Torr
-At 760 Torr: 200, 275, 298, 325 & 400 K
sCl 23 + H,0O grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl24 + H,0 grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl25 + H,0 grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl26 + H,0O grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl 1+ (H,0), grainsize 25 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCI23 + (H,0), grainsize 25 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl24 + (H,0), grainsize 25 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl25 + (H,0), grainsize 25 sCl25 + (H,0), N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
TS(HO), 1, 2,3 &
4
sCl26 + (H,0), grainsize 25 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl 1+ MeOH grainsize 10 N/A N/A N/A -At 295 K & 90 Torr; 262.1 K & 100 Torr
-At 10 Torr: 254.5, 292.6 & 327.8 K
-At 760 Torr: 200, 275, 298, 325 & 400 K
sCl 23 + MeOH grainsize 15 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl24 + MeOH grainsize 15 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl25 + MeOH grainsize 25 N/A sCI125 + MeOH T@aanl N/A At 760 Torr: 200, 275, 298, 325 & 400 K
(Kg.g ~ 5.50x101°cm3 s
1
)
sCl126 + MeOH grainsize 25 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl 1+ H,S grainsize 10 N/A N/A N/A -At 100 Torr: 278, 299 & 318 K
-At 299 K & 250 Torr; 299 K & 500 Torr
-At 760 Torr: 200, 275, 298, 325 & 400 K
sCl 23 + H,S grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl24 + H,S grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl25 + H,S grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl26 + H,S grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl 1+ HCI grainsize 25 N/A N/A N/A -At 295 K with 27, 31 & 35 Torr

134



-At 760 Torr: 200, 275, 298, 325 & 400 K

sCI23 + HCI grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl24 + HCI grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCI25 + HCI grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl26 + HCI grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl 1+ HF grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl23 + HF grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl24 + HF grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sClI25 + HF grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
sCl26 + HF grainsize 10 N/A N/A N/A At 760 Torr: 200, 275, 298, 325 & 400 K
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3.1.5 Conventional Transition State Rate Constants

Table 86: Breakdown of rate constant (k tsy) of sCI + atmospheric co-reactant using: equilibrium rate constant
(Keq); Wignar tunneling constant ( Kwignar); Unimolecular rate constant (k »); individual rate constant of
transition state (k t9); pathway breakdown ( B; total rate constant (K total );
Note: sCI25 + HCHO;sCl 1 + CRCFO; sCls 1, 24, 25 & 26 with SOy; and sCls 1, 23-26 with TFA are
barrierless reactions (see IRCs in section S7) and so are not included in Table X. The sCl 25 + MeOH rate
constant is only for TS2 as TS1 is barrierless.

Keq Kz ks Kiotal
Co-reactant | CI #TS om? Kwignar o om? o1 b om? o1
1 TS 2.08E-23 1.01 1.37E+12 | 2.88E11 1.00 2.88E-11
HCHO 2 TS 5.86E-23 1.00 5.00E+9 2.93E-13 1.00 2.93E-13
3 TS 5.20E-23 1.00 1.21E+11| 6.28E12 1.00 6.28E-12
5 TS 4.03E-22 1.00 5.15E+11 | 2.08E-10 1.00 2.08E-10
TSycl 5.73E-23 1.01 1.15E+11 | 6.69E12 1.00
CRCFO L TSyc?2 4.95E-23 1.03 2.29E+10 | 1.17E12 1.00 /8612
TSNpo 1.37E-23 1.00 6.73E+10 | 9.21E13 1.00
SQ 2 TSxo 1.28E-23 1.00 1.79E+11 | 2.29E-12 1.00 32112
1 TS 4.30E-18 1.06 1.19E+11 | 5.40E-07 1.00 5.40E-7
2 TS 1.42E-20 1.04 2.13E+9 3.15E-11 1.00 3.15E-11
HNG; 3 TS 3.32E-20 1.07 2.60E+10 | 9.19E10 1.00 9.19E-10
4 TS 8.73E-18 1.00 2.56E+11 2.24E-6 1.00 2.24E-6
5 TS 4.41E-18 1.11 7.72E+10 3.79E7 1.00 3.79E7
1 TS 2.21E21 1.01 1.66E+12 3.69E-9 1.00 3.69E-9
2 TS 2.21E-21 1.00 6.34E+11 | 4.19E-15 1.00 4.19E-15
HCI 3 TS 1.80E-21 1.13 2.05E+6 1.63E-11 1.00 1.63E-11
4 TS 1.34E-22 1.17 1.04E+11 | 7.37E11 1.00 7.37E-11
5 TS 1.70E-21 1.01 4.31E+10| 3.59E-11 1.00 3.59E-11
1 TS 1.12E-18 1.67 1.46E+5 5.47E-13 1.00 5.47E-13
2 TS 8.44E-21 1.54 4.51E+2 1.17E17 1.00 1.17E17
HF 3 TS 1.74E-20 1.70 7.82E+4 4.63E-15 1.00 4.63E-15
4 TS 2.18E-19 1.14 1.02E+8 5.09E-11 1.00 5.09E-11
5 TS 6.99E-20 1.43 3.38E+6 6.76E-13 1.00 6.76E-13
1 TSaaHl 1.94E-21 1.09 4.51E+6 1.90E-14 0.80 1.19E-14
TSnar? 1.94E-21 1.10 1.11E+6 4.72E-15 0.20 )
2 TSanHL 2.96E-22 1.06 2.79E+5 1.75E-16 0.92 9.47E17
TS 2.96E-22 1.07 2.30E+4 1.47E17 0.08
MeOH 3 TSaaHl 3.55E-22 1.06 7.11E+7 5.34E-14 0.80 3.34E-14
TS 3.55E-22 1.05 1.78E+7 1.33E14 0.20
4 TSuaaHl >>Kd-d N/A >>Kd-d >>Kd-d >>Kg.d >>kg.g
TSnar? 1.79E-21 1.02 1.74E+10 | 6.33E11 1.00 i
5 TSaarl 1.72E-21 1.04 9.86E+9 3.53E11 0.46 3.88E.11
TSnar? 2.50E-21 1.04 8.14E+9 4.22E-11 0.54 )
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Table 87: Breakdown of rate constant (k rts7) of sCI + atmospheric co-reactant using: equilibrium rate constant

(Keg); Wignar tunneling constant ( Awignar); unimolecular rate constant (k »); individual rate  constant of
transition state (k t9); pathway breakdown ( B); total rate constant (K total );

Co Keq I(2 I(TS ktotal
reactant Cl #TS cm?® Cgrar cm?® cmd st b cm?® st
1 TS1 1.81E-23 1.08 1.95E+8 3.80E-15 | 0.54 141E-15
TS2 1.68E-23 1.08 1.79E+8 3.25E-15 | 0.46 )
2 TS1 5.14E-23 1.03 2.48E+6 1.32E-16 0.66 3.98E-16
TS2 4.80E-23 1.04 1.35E+6 6.75E-17 0.34 )
TS1 8.63E-25 1.04 4.11E+9 3.70E-15 | 0.63
HzS 3 TS2 4.08E-25 1.05 5.01E+9 2.14E15 | 0.37 L17E14
4 TS1 1.01E-22 1.01 4.03E+9 4.09E-13 0.71 5.75E.13
TS2 1.06E-22 1.01 1.55E+9 1.65E-13 0.29 )
5 TS1 1.03E-22 1.04 6.59E+7 7.11E-15 | 0.58 > A7E14
TS2 1.02E-22 1.04 4.91E+7 5.23E15 | 0.42 )
1 TSH01 1.22E-20 1.18 6.40E+3 1.85E-16 0.79 117E-16
TSH,0 2 1.22E-20 1.20 1.67E+3 4.89E-17 0.21 )
2 TSH01 6.07E-22 1.11 6.55E+2 4.41E19 0.32 1 38E-18
TSH,0 2 6.07E-22 1.12 1.38E+3 9.40E-19 0.68 )
TSH01 2.07E21 1.11 3.82E+4 8.82E-17 0.78
H0 3 TSH,0 2 2.07E-21 1.13 1.09E+4 2.54E-17 0.22 11416
4 TSH01 1.12E-21 1.03 1.94E+9 2.23E-12 0.42 537E.12
TSH,0 2 1.74E-21 1.05 1.72E+9 3.13E-12 0.58 )
5 TSH01 2.06E-21 1.08 4.09E+7 9.11E-14 | 0.40 2 30E-13
TSH0 2 2.06E-21 1.08 6.24E+7 1.39E-13 0.60 )
TSH0)1 | 3.13E-21 1.11 1.12E+9 3.87E-12 0.27
1 TSH0) 2 | 4.28E21 1.15 1.60E+8 7.87E-13 0.06 141E11
TSH.0).3 | 3.86E21 | 1.12 | 1.08E+9 | 4.68E-12 | 0.33 | =
TSH0) 4 | 2.71E21 1.10 1.60E+9 4.78E-12 0.34
TSH.0) 1 | 1.21E22 1.08 3.65E+9 4.79E-13 0.20
> TSH0) 2 | 1.17E22 1.07 1.10E+10 | 1.38E-12 0.57 5 41E12
TSH.0) 3 | 4.99E-23 1.06 2.62E+9 1.39E-13 | 0.06 ’
TSH.0) 4 | 5.39E-23 1.06 7.17E+9 4.09E-13 0.17
TSH.0p1 | 2.20E22 | 1.07 | 1.35E+10 | 3.17E-12 | 0.08
TSH.0) 2 | 1.83E22 1.05 8.91E+10 | 1.72E-11 0.45
(H20), 3 TSH.0,3 | 3.47E-22 | 1.05 | 2.18E+10 | 7.95E-12 | 0.21 384811
TSH.0) 4 | 3.17E22 1.05 3.01E+10 | 1.00E-11 0.26
TSH.0)1 | 1.16E19 1.04 1.58E+12 1.90E-7 0.14
4 | TSH0p2 [ 153E10 | 1.03 | 3.35E+12 | 5.28E7 | 0.39 |, 40 oo
TSH.0). 3 | 5.45E-20 1.02 3.96E+12 2.21E-7 0.16 '
TSH.0), 4 | 6.28E-20 1.02 6.59E+12 4.21E7 0.31
TSH0)1 | 9.31E20 1.05 1.39E+11 1.36E-8 0.19
5 TSH.0) 2 | 1.32E-19 1.05 3.21E+11 4 44E-8 0.61 7 22E.08
TSH.0)3 | 1.06E19 1.06 8.56E+10 9.60E-9 0.13 '
TSH.0).4 | 1.00E-19 1.07 4.35E+10 4.68E-9 0.06
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3.2 MESMER Calculations of Product Branching Fractions
3.2.1 Potential Energy Surfaces of Complex Systems

The HFOsCI sCls 1, 231 26) reactions of sCl with HCHO & SQ have lots of similar

transition states and mainly only the lowest energy pathways are given in the main body of
the text. The diagrams of the full potential energy surfaces are below.
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Figure 17: sCI1 + HCHO full PES withlabels of channels in legend
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Figure S21: sC123 & sCl24 + SQ PES with legend of channels attached.
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3.2.2 Product branching ratio of sCI1 + HCHO, CRCHO and CRCFO

Table 88: sCI 1+ HCHOproduct distribution ( B )Bi02;( Bera); (Byap) grainsize=10

T (K) Broz Bcra Brae
200 1.000 0.000 0.000
275 0.000 0.025 0.975

298.15 0.000 0.027 0.973
325 0.000 0.030 0.970
400 0.000 0.038 0.962

Table 89: The product branching ratio of sCl 1+ CRERCHO with CI23 + HCHOand Cl 24 + HCHOas sinks (not
barrierless) grainsize = 40.

Product branching Temperature (K)
ratio ( B) 200 275 298 325 400
Cl 23 + HCHO (T vcl) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Cl24 + HCHO(T&vc?2) <0.0001 <0.0001 <0.0001 <0.0001 0.0001
HCOOH + CECHO 0.8447 0.8282 0.8232 0.8176 0.8051
TSiae 2 0.0054 0.0094 0.0109 0.0128 0.0177
TSiAe 3 0.6908 0.6479 0.6344 0.6195 0.5862
TSacl 0.0969 0.1084 0.1118 0.1155 0.1234
TSAc 2 0.0097 0.0142 0.0158 0.0177 0.0222
CRCOOH + HCHO 0.0473 0.0578 0.0611 0.0648 0.0733
TSiael 0.1553 0.1717 0.1768 0.1824 0.1948
TSral 0.1499 0.1624 0.1659 0.1696 0.1771
CROCHO + HCHO <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSsterl <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSsTER? <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Table 90: the product branching ratio of

sCl 1 + CRCFO with CI 25 + HCHOand CI 26 + HCHOas sinks for

barrierless exit channel using the k 4.4 as pre-exponential factors ( 7.20 x 10° cm® molec™ s?'). Grainsize = 40

Product branching Temperature (K)
ratio ( B) 200 275 298 325 400
ClI25 + HCHO(T&vcl) <0.0001 <0.0001 <0.0001 <0.0001 | <0.0001
Cl 26 + HCHO (TS vc2) <0.0001 <0.0001 <0.0001 <0.0001 | <0.0001
HCOOH + CECFO 1.0000 1.0000 1.0000 1.0000 1.0000
TSiae2 <0.0001 <0.0001 <0.0001 <0.0001 | <0.0001
TSacl 0.9940 0.9839 0.9784 0.9705 0.9419
TSac 2 0.0060 0.0161 0.0216 0.0295 0.0581
CROCFO + HCHO <0.0001 <0.0001 <0.0001 <0.0001 | <0.0001
TSsterl <0.0001 <0.0001 <0.0001 <0.0001 | <0.0001
TSsTER? <0.0001 <0.0001 <0.0001 <0.0001 | <0.0001
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Table 91: The product branching ratio of sCl 1+ CRCFO with CI25 + HCHOand Cl 26 + HCHOas sinks using
the kcovrLas pre-exponential factor (1.49 x 101 cmd s?) for barrierless exit channels. Grainsize = 40

Product branching Temperature (K)
ratio ( B) 200 275 298 325 400
Cl 25 + HCHO (T vcl) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
Cl 26 + HCHO (TS vc2) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
HCOOH + CECFO 1.0000 1.0000 1.0000 1.0000 1.0000
TSiae 2 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSacl 0.9940 0.9839 0.9784 0.9705 0.9419
TSAc 2 0.0060 0.0161 0.0216 0.0295 0.0581
CROCFO + HCHO <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSsterl <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSEsTER?Z <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

(Due to the very low yield of CI25 + HCHO& Cl 26 + HCHQ no models were ran

excluding these pathways for sCl 1+ CRCFO reactions, as they would yield the same

results)
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3.2.3 Product branching ratio of

Table 92: the product branching ratio of

HCHO+ sCls B & 24

sCl 23 + HCHO with CI 1 + CRCHOand CI 24 + HCHOas sinks using
the k ¢.q as pre-exponential factor (6.50 x 10'% cm® molec™? s?) for barrierless exit channels dgrainsize 40.

Product branching

Temperature (K)

ratio ( B) 200 275 298 325 400
Cl 1+ CRCHO 0.9809 0.9915 0.9931 0.9944 0.9965
TSyc 3 (barrierless) 0.4914 0.4965 0.4973 0.4980 0.4998
TSyc 4 (barrierless) 0.4895 0.4950 0.4958 0.4963 0.4967
Cl24 + HCHO
(TSvc?2) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
HCOOH + CECHO 0.0158 0.0069 0.0056 0.0046 0.0028
TSiae2 0.0121 0.0052 0.0042 0.0033 0.0020
TSiAe3 0.0022 0.0010 0.0008 0.0007 0.0004
TSacl 0.0003 0.0002 0.0001 0.0001 0.0001
TSac2 0.0012 0.0006 0.0005 0.0004 0.0003
CRCOOH + HCHO| 0.0034 0.0016 0.0013 0.0011 0.0007
TSiael 0.0032 0.0015 0.0012 0.0010 0.0006
TSeal 0.0002 0.0001 0.0001 0.0001 0.0001
CROCHO + HCHO| <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSsterl <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSsTeERZ <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Table 93: the product branching ratio of

sCl23 + HCHO with Cl 1 + CRsCHOand CI 24 + HCHOas sinks using
the kcoLLas pre-exponential factor (1.52 x  101° cm® molec? s?) for barrierless exit channels &grainsize 40.

Product branching Temperature (K)
ratio ( B) 200 275 298 325 400
Cl 1+ CRCHO 0.9251 0.9695 0.9758 0.9809 0.9884
TSyc 3 (barrierless) 0.4634 0.4853 0.4885 0.4910 0.4949
TSyc 4 (barrierless) 0.4617 0.4841 0.4873 0.4899 0.4935
Cl24 + HCHO <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
(TSyvc?2)

HCOOH + CECHO 0.0617 0.0248 0.0195 0.0153 0.0092
TSiAe2 0.0475 0.0184 0.0144 0.0111 0.0065
TSiae3 0.0084 0.0037 0.0029 0.0024 0.0015
TSacl 0.0012 0.0006 0.0005 0.0004 0.0003
TSAc 2 0.0046 0.0021 0.0017 0.0014 0.0009

CRCOOH + HCHO| 0.0133 0.0058 0.0046 0.0037 0.0024
TSiel 0.0125 0.0053 0.0042 0.0034 0.0021
TSral 0.0008 0.0004 0.0004 0.0003 0.0003

CROCHO + HCHO| <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

TSsterl <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSsteRZ <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
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Table 94: the product branching ratio of

sCI 23 + HCHO with no reference to Cl 1 + CCHOand Cl 24 + HCHO
as sinks grainsize 30.

Product branching

Temperature (K)

ratio ( b) 200 275 298 325 400
HCOOH + CECHO 0.8227 0.8101 0.8054 0.7996 0.7836
TSiae 2 0.6331 0.5992 0.5867 0.5712 0.5284
TSiae 3 0.1125 0.1206 0.1235 0.1269 0.1356
TSacl 0.0157 0.0202 0.0220 0.0244 0.0315
TSac2 0.0614 0.0700 0.0732 0.0771 0.0881
CRCOOH + HCHO| 0.1773 0.1899 0.1946 0.2004 0.2164
TSiael 0.1667 0.1745 0.1771 0.1801 0.1870
TSral 0.0106 0.0154 0.0175 0.0203 0.0294
CROCHO + HCHO| <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSesterl <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSesTer? <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Table 95: the product branching ratio of

sCl24 + HCHO with Cl 1 + CRCHOand CI 23 + HCHOas sinks using
the kq.q as pre-exponential factor (6.50 x 10'° cm?® molec™! s?) for barrierless exit channels &grainsize 40.

Product branching

Temperature (K)

ratio ( B) 200 275 298 325 400
Cl1+ CRCHO 0.9749 0.9888 0.9910 0.9928 0.9956
TSy 3 0.4873 0.4943 0.4953 0.4961 0.4970
TSy 4 0.4876 0.4945 0.4956 0.4966 0.4985
Cl23 + HCHO <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
(TSvycl)

HCOOH + CECHO 0.0207 0.0091 0.0074 0.0059 0.0036
TSiAe2 0.0161 0.0069 0.0055 0.0044 0.0026
TSiAe3 0.0028 0.0013 0.0011 0.0009 0.0005
TSacl 0.0004 0.0002 0.0002 0.0001 0.0001
TSAc2 0.0015 0.0007 0.0006 0.0005 0.0003

CRCOOH +HCHO 0.0044 0.0020 0.0017 0.0014 0.0009
TSiael 0.0041 0.0019 0.0016 0.0013 0.0008
TSral 0.0002 0.0001 0.0001 0.0001 0.0001

CROCHO + HCHO| <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

TSsterl <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSEstERZ <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
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Table 96: the product branching ratio of

sCl24 + HCHO with CI 1 + CRCHOand CI 23 + HCHOas sinks using

the kcoLLas pre-exponential factor (1.52 x  101° cm® molec? s?) for barrierless exit channels dgrainsize 40.

Product branching

Temperature (K)

ratio ( B) 200 275 298 325 400
Cl1+ CRCHO 0.9027 0.9593 0.9683 0.9756 0.9858
TSy 3 (barrierless) 0.4512 0.4796 0.4841 0.4877 0.4927
TSy 4 (barrierless) 0.4515 0.4797 0.4842 0.4878 0.4931
Cl 23 + HCHO <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
(TSvcl)

HCOOH + CECHO 0.0803 0.0332 0.0257 0.0197 0.0113
TSiae 2 0.0624 0.0250 0.0192 0.0145 0.0081
TSiAe3 0.0107 0.0047 0.0038 0.0030 0.0018
TSacl 0.0014 0.0007 0.0006 0.0005 0.0003
TSAc 2 0.0058 0.0027 0.0022 0.0017 0.0011

CRCOOH + HCHO| 0.0170 0.0075 0.0059 0.0047 0.0028
TSiael 0.0160 0.0070 0.0055 0.0043 0.0026
TSral 0.0009 0.0005 0.0005 0.0004 0.0003

CROCHO + HCHO| <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

TSEsterl <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSsteR2 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Table 97: the product branching ratio of

sCl 24 + HCHOwithout using Cl 1 + CRCHOand CI 23 + HCHOas
sinks d grainsize 40.

Product branching

Temperature (K)

ratio ( B) 200 275 298 325 400
HCOOH + CECHO 0.8250 0.8154 0.8116 0.8065 0.7907
TSiAe2 0.6398 0.6142 0.6037 0.5901 0.5478
TSiae3 0.1107 0.1170 0.1195 0.1226 0.1317
TSacl 0.0149 0.0182 0.0196 0.0216 0.0283
TSac 2 0.0595 0.0660 0.0687 0.0722 0.0830
CRCOOH + HCHO 0.1750 0.1846 0.1884 0.1935 0.2093
TSiael 0.1652 0.1714 0.1737 0.1765 0.1840
TSral 0.0098 0.0132 0.0148 0.0170 0.0252
CROCHO + HCHO| <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSsterl <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSsTER? <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
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3.2.4 Product branching ratio of

HCHO+ sCIs 5 & 26

Table 98: the product branching ratio of sCl125 + HCHOwith Cl 1 + CRECFO andCl 26 + HCHO no barrierless

exit channels.

Product branching

Temperature (K)

ratio ( b) 200 275 298 325 400
Cl1+ CRCFO 0.8441 0.8437 0.8436 0.8435 0.8429
TSve3 0.5708 0.5701 0.5698 0.5695 0.5683
TSyc4 0.2732 0.2737 0.2738 0.2740 0.2746
Cl 26 + HCHO
(TSvc?2) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
HCOOH + CECFO 0.1559 0.1562 0.1564 0.1565 0.1570
TSiAe2 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSacl 0.1354 0.1353 0.1353 0.1353 0.1353
TSAc2 0.0205 0.0209 0.0210 0.0212 0.0217
CROCFO + HCHO| <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSesterl <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSesTer? <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Table 99: the product branching ratio of sCI25 + HCHOwith no CI 1 + CRECFO andCl 26 + HCHO exit

channels. Grainsize=20

Product branching Temperature (K)
ratio ( B) 200 275 298 325 400

HCOOH + CECFO 0.9996 0.9992 0.9990 0.9988 0.9978
TSiAe2 0.0004 0.0006 0.0007 0.0009 0.0016
TSAcl 0.8450 0.8271 0.8209 0.8133 0.7910
TSac2 0.1542 0.1715 0.1774 0.1845 0.2053

CKROCFO + HCHO| 0.0004 0.0008 0.0010 0.0012 0.0022
TSsterl <0.0001 0.0001 0.0001 0.0002 0.0004
TSsTeRZ 0.0004 0.0007 0.0008 0.0011 0.0019
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Table 100: the product branching ratio of

sCl 26 + HCHOwith CI 1 + CRCFO andCl 25 + HCHO as sinks using
the k4.4 as pre-exponential factor (7.20 x  101° cm® molec s?!) for barrierless exit channels.

Product branching

Temperature (K)

ratio ( b) 200 275 298 325 400
Cl1+ CRCFO 0.8456 0.8432 0.8421 0.8406 0.8355
TSve3 0.5750 0.5693 0.5669 0.5637 0.5541
TSyc4 0.2705 0.2740 0.2753 0.2769 0.2813
Cl 26 + HCHO
(T&ycl) <0.0001 <0.0001 <0.0001 <0.0001 0.0002
HCOOH + CECFO 0.1544 0.1567 0.1578 0.1593 0.1641
TSiae 2 <0.0001 <0.0001 <0.0001 0.0001 0.0001
TSacl 0.1356 0.1354 0.1354 0.1354 0.1356
TSac 2 0.0188 0.0213 0.0224 0.0238 0.0284
CROCFO + HCHO| <0.0001 <0.0001 <0.0001 0.0001 0.0002
TSesterl <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSesTer? <0.0001 <0.0001 <0.0001 0.0001 0.0001

Table 101: the product branching ratio of

sCl 26 + HCHOwith Cl 1 + CRCFO andCl 25 + HCHO as sinks using
the kcoLLas pre-exponential factor (1.49 x  101° cm® molec s?) for barrierless exit channels.

Product branching Temperature (K)
ratio ( B) 200 275 298 325 400
Cl 1+ CRCFO 0.8455 0.8432 0.8422 0.8407 0.8356
TSvc3 0.5748 0.5693 0.5669 0.5637 0.5542
TSyc4 0.2706 0.2740 0.2753 0.2769 0.2814
Cl 26 + HCHO
(TSycl) <0.0001 <0.0001 <0.0001 <0.0001 0.0001
HCOOH + CECFO 0.1545 0.1567 0.1578 0.1593 0.1642
TSiAe2 <0.0001 <0.0001 <0.0001 0.0001 0.0001
TSacl 0.1357 0.1354 0.1354 0.1354 0.1356
TSAc 2 0.0188 0.0213 0.0224 0.0238 0.0285
CROCFO + HCHO| <0.0001 <0.0001 <0.0001 0.0001 0.0002
TSsterl <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSsTeRZ <0.0001 <0.0001 <0.0001 0.0001 0.0001

Table 102: the product branching ratio of

channels grainsize=30

sCl26 + HCHOwith no CI 1 + CRCFO andCl 25 + HCHO exit

Product branching Temperature (K)
ratio ( B) 200 275 298 325 400

HCOOH + CECFO 0.9999 0.9998 0.9997 0.9996 0.9992
TSiae2 0.0001 0.0002 0.0003 0.0003 0.0006
TSacl 0.8735 0.8624 0.8581 0.8524 0.8324
TSAc2 0.1263 0.1372 0.1414 0.1470 0.1662

CROCFO + HCHO| 0.0001 0.0002 0.0003 0.0004 0.0008
TSsterl <0.0001 <0.0001 <0.0001 <0.0001 0.0001
TSsteR2 0.0001 0.0002 0.0003 0.0003 0.0007
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3.2.5 HFO-sCl+ HCHO & SQ branching ratios of cycloaddition.

Where there are multiple cycloaddition pathways in these two step reactions (

sCl1

reactions with CF;CFOand sCk 1 & 231 26 reactions with SO;) to determine what degree

of preference of these cycloaddition pathways had in generating the rate constant.

Table 103: intermediate product branching ratios ( B of sCl+ CECHO & SQ reaction

Intermediate Temperature (K)
branching ratio ( B) 200 | 275 298 325 400
sCl 1 + CRCFO

TSy 1 0.7486 0.7647 0.7663 0.7668 0.7609

TSy 2 0.2514 0.2353 0.2337 0.2332 0.2391
sCl 2 +SQ

TSsa 1 0.3278 0.3102 0.3070 0.3042 0.3001

TSsa 2 0.6722 0.6898 0.6930 0.6958 0.6999
sCl 3+ SQ

TSsa 1 0.4871 0.4991 0.4987 0.4975 0.4905

TSsa 2 0.5129 0.5009 0.5013 0.5025 0.5095
sCl4 +SQ

TSsa 1 0.0027 0.4981 0.4990 0.4994 0.4998

TSsa 2 0.9973 0.5019 0.5010 0.5006 0.5002
sClI 5+ SQ

TSsa 1 0.4715 0.4905 0.4938 0.4962 0.4986

TSsa 2 0.5285 0.5095 0.5062 0.5038 0.5014

(All other sCI + aldehyde/ketone and sCI + SO» reactions in this study produce one HOZ or SOZ conformer at

3.2.6 sCIl 1+ SG branching ratios.

100% efficiency)

Table S104: SOZ fragmentation bra nching ratios (‘B of sCl 1+ SQ reaction all identified pathways included

(grainsize=20)

Product branching Temperature (K)

ratio ( B) 200 275 298 325 400

SQ + HCHO 0.9949 0.9936 0.9931 0.9926 0.9908
TSa 1 0.0649 0.0694 0.0709 0.0725 0.0771
TSa 2 0.9106 0.9001 0.8966 0.8925 0.8803

SG + HCOOH 0.0051 0.0064 0.0069 0.0074 0.0092
TSeia 1 0.0001 0.0001 0.0002 0.0002 0.0003
TScia 2 0.0049 0.0061 0.0065 0.0070 0.0086
TS 3 0.0196 0.0242 0.0258 0.0278 0.0337

149



Table S105: SOZ decomposition branching ratios (‘B of sCI 1+ SQ reaction with some pathways included

(grainsize=10)

Product branching Temperature (K)
ratio ( B) 200 275 298 325 400
SQ + HCHO 0.9947 0.9933 0.9928 0.9922 0.9903
TSa 1 0.0640 0.0686 0.0700 0.0717 0.0764
TSsa 2 0.9307 0.9247 0.9227 0.9204 0.9138
SG + HCOOH 0.0053 0.0067 0.0072 0.0078 0.0097
TSeia 1 0.0001 0.0001 0.0002 0.0002 0.0003
TScia 2 0.0052 0.0066 0.0071 0.0076 0.0094

3.2.7 sCls 23 & 24 + S branching ratios.

Table S106: SOZ decomposition branching ratios (‘B of sCl23 + SQ reaction all identified pathways included
(grainsize=50), using the k ¢.¢ as pre-exponential factor (4.08 x 10° cm® molec™ s?) for cyclo -reversion

pathway.
Product branching Temperature (K)

ratio ( B) 200 275 298 325 400
sCl24 + SG 0.0001 0.0012 0.0023 0.0046 0.0224
TSExo 0.0001 0.0009 0.0017 0.0032 0.0148
TSenpo <0.0001 0.0003 0.0007 0.0013 0.0076
SQG + CRCHO 0.9988 0.9971 0.9958 0.9931 0.9733
TSa 1l 0.6907 0.6910 0.6909 0.6923 0.6883
TSa 2 0.3081 0.3061 0.3048 0.3008 0.2850
SQ + CRCOOH 0.0011 0.0016 0.0019 0.0024 0.0043
TSeid 1 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TScid 2 0.0002 0.0003 0.0004 0.0004 0.0008
TS 3 0.0008 0.0013 0.0015 0.0018 0.0032
TSia 4 <0.0001 <0.0001 0.0001 0.0001 0.0002
SG + CROCHO <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSster 1 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSester 2 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Cl 24 + SQ revision. Grainsize = 40.

Table S107: SOZ decomposition branching ratios (‘B of sCI23 + SQ reaction without cyclo -revision pathway to

Product branching

Temperature (K)

ratio ( B) 200 275 298 325 400
SQG + CRCHO 0.9989 0.9984 0.9981 0.9976 0.9955
TSa l 0.6910 0.6901 0.6914 0.6936 0.6958
TSa 2 0.3080 0.3082 0.3067 0.3040 0.2997
SQ + CKCOOH 0.0011 0.0016 0.0019 0.0024 0.0045
TSia 1 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSid 2 0.0002 0.0003 0.0004 0.0005 0.0008
TScia 3 0.0008 0.0013 0.0015 0.0018 0.0034
TScid 4 <0.0001 <0.0001 0.0001 0.0001 0.0003
SQG + CKOCHO <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSester 1 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
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TSster 2

| <0.0001 |

<0.0001

[ <0.0001

[ <0.0001

| <0.0001 |

Table S108: SOZ decomposition branching ratios (‘B of sCI23 + SQ reaction without sCI pathways and with
only pathways that lead directly to SOZs included. Grainsize = 30.

Product branching

Temperature (K)

ratio ( B) 200 275 298 325 400

SQ + CRCHO 0.9998 0.9997 0.9996 0.9995 0.9992
TS0 1 0.6921 0.6903 0.6928 0.6955 0.6992
TS0 2 0.3077 0.3094 0.3069 0.3041 0.3000

SQ + CRCOOH | 0.0002 0.0003 0.0004 0.0005 0.0008
TSwid 1 <0.0001 | <0.0001 <0.0001 <0.0001 <0.0001
TSwid 2 0.0002 0.0003 0.0004 0.0005 0.0008

Table S109: sCl24 + SQ SOZ fragmentation branching ratios ( B with all identified pathways included.

Grainsize = 50

Product branching

Temperature (K)

ratio ( B) 200 275 298 325 400
sCl 23 + SO <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSxo <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSnNpo <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
SG + CRCHO 0.9987 0.9977 0.9973 0.9966 0.9941
TSa l 0.5088 0.4989 0.4989 0.4995 0.5045
TSa 2 0.4899 0.4989 0.4984 0.4971 0.4896
SG + CRCOOH 0.0013 0.0023 0.0027 0.0033 0.0059
TSeia 1 <0.0001 <0.0001 <0.0001 <0.0001 0.0001
TScid 2 0.0002 0.0004 0.0005 0.0006 0.0010
TSicia 3 0.0010 0.0016 0.0019 0.0024 0.0040
TScid 4 0.0001 0.0002 0.0003 0.0004 0.0008
SO + CROCHO <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSster 1 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSester 2 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001

Table S110: sCl24 + SQ SOZ fragmentation branching ratios ( ‘B with all identified pathways except cyclo
reversion pathways Cl 23 + SQ. Grainsize = 40

Product branching Temperature (K)

ratio ( B) 200 275 298 325 400

SQ + CRCHO 0.9987 0.9977 0.9973 0.9967 0.9941
TSo 1 0.5117 0.4989 0.4989 0.4995 0.5045
TSa 2 0.4870 0.4989 0.4984 0.4971 0.4896

SQ + CRCOOH 0.0013 0.0023 0.0027 0.0033 0.0059
TSeia 1 <0.0001 <0.0001 <0.0001 <0.0001 0.0001
TSid 2 0.0002 0.0004 0.0005 0.0006 0.0010
TS 3 0.0010 0.0016 0.0019 0.0024 0.0040
TScia 4 0.0001 0.0002 0.0003 0.0004 0.0008

SG + CROCHO <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSster 1 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSester 2 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
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Table S111: SOZ decomposition branching ratios (‘B of sCl24 + SQ reaction without sCI pathways and with
pathways that lead directly to SOZs included. Grainsize =30

onl

Product branching

Temperature (K)

ratio ( b) 200 275 298 325 400
SQG + CRCHO 0.9997 0.9996 0.9995 0.9994 0.9990
TSo 1 0.5102 0.5005 0.5008 0.5019 0.5086
TSsa 2 0.4895 0.4991 0.4987 0.4975 0.4904
SO + CRCOOH 0.0003 0.0004 0.0005 0.0006 0.0010
TScia 1 <0.0001 <0.0001 <0.0001 <0.0001 0.0001
TSicia 2 0.0002 0.0004 0.0005 0.0006 0.0010

3.2.8 sCls 25 & 26 + S branching ratios.

Table S112: SOZ decomposition branching ratios (‘B of sCI25 + SQ reaction with all identified pathways
included. Grainsize = 50. The k .4 (4.42 x 101 cm® molec™ s?) used as pre-exponential factor for cyclo -
reversion pathway.

Product branching

Temperature (K)

ratio ( B) 200 275 298 325 400
sCI26 + SO <0.0001 0.0010 0.0017 0.0029 0.0107
TSexo <0.0001 0.0002 0.0003 0.0005 0.0020
TSnoo <0.0001 0.0009 0.0014 0.0024 0.0087
SGQ + CRCHO 1.0000 0.9913 0.9892 0.9861 0.9716
TSa 1 <0.0001 0.1025 0.1052 0.1082 0.1147
TSsa 2 1.0000 0.4995 0.4984 0.4972 0.4936
TS0 3 <0.0001 0.3892 0.3856 0.3807 0.3633
SO + CROCHO <0.0001 0.0077 0.0091 0.0110 0.0177
TSster 1 <0.0001 0.0021 0.0024 0.0029 0.0045
TSsster 2 <0.0001 0.0056 0.0067 0.0081 0.0132

Table S113: SOZ decomposition branching ratios (‘B of sCI25 + SQ reaction without cyclo
SQ revision. Grainsize = 50

-revisionto CI 26 +

Product branching Temperature (K)

ratio ( B) 200 275 298 325 400

SQ + CRCHO 1.0000 0.9923 0.9909 0.9889 0.9818
TSa 1l 0.0005 0.1027 0.1056 0.1087 0.1169
TSa 2 0.9973 0.4998 0.4986 0.4977 0.4956
TSa 3 0.0022 0.3897 0.3867 0.3825 0.3693

SQ + CROCHO <0.0001 0.0077 0.0091 0.0111 0.0182
TSester 1 <0.0001 0.0021 0.0024 0.0029 0.0046
TSster 2 <0.0001 0.0057 0.0067 0.0082 0.0136
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Table S114: SOZ decomposition branching ratios (‘B of sCI25 + SQ reaction without CI26 + SQ cyclo-revision
pathways and with only pathways that lead directly to SOZs included. Grainsize =30

Product branching Temperature (K)
ratio ( B) 200 275 298 325 400
SQG + CRCHO 1.000 1.000 1.000 1.000 1.000
TSa 1 0.0057 0.0886 0.0924 0.0965 0.1071
TSa6 2 0.9643 0.5095 0.5062 0.5039 0.5014
TSa 3 0.0300 0.4019 0.4014 0.3996 0.3915

Table S115: SOZ decomposition branching ratios (‘B of sCl26 + SQ reaction with all identified pathways
included. Grainsize = 50. The k 4.4 (4.51 x 101° cm® molec™? s1) used as pre-exponential factor for cyclo -
reversion pathway.

Product branching Temperature (K)

ratio ( B) 200 275 298 325 400
sCl25 + SO, <0.0001 <0.0001 <0.0001 <0.0001 0.0001
TSxo <0.0001 <0.0001 <0.0001 <0.0001 <0.0001
TSnpo <0.0001 <0.0001 <0.0001 <0.0001 0.0001
SQ + CRCHO 0.9998 0.9963 0.9955 0.9943 0.9895
TSa 1 0.0076 0.0881 0.0917 0.0957 0.1053
TSa 2 0.9523 0.5083 0.5049 0.5023 0.4987
TSa 3 0.0399 0.3999 0.3988 0.3963 0.3856
SO + CROCHO 0.0002 0.0037 0.0045 0.0057 0.0103
TSster 1 0.0001 0.0011 0.0013 0.0016 0.0027
TSster 2 0.0001 0.0026 0.0032 0.0041 0.0077

Table S116: SOZ decomposition branching ratios (B of sCl26 + SQ reaction without cyclo
SQ revision. Grainsize = 50

-revisionto CI 25 +

Product branching Temperature (K)

ratio ( B) 200 275 298 325 400

SQ + CRCHO 0.9981 0.9963 0.9955 0.9943 0.9897
TSao 1 0.0753 0.0881 0.0917 0.0957 0.1053
TS 2 0.5279 0.5084 0.5049 0.5023 0.4987
TSao 3 0.3950 0.3998 0.3988 0.3964 0.3856

SQ + CROCHO 0.0019 0.0037 0.0045 0.0057 0.0103
TSster 1 0.0007 0.0011 0.0013 0.0016 0.0027
TSster 2 0.0012 0.0026 0.0032 0.0041 0.0076

Table S117: SOZ decomposition branching ratios (‘B of sCl26 + SQ reaction without CI 25 pathways and with
only pathways that lead directly to SOZs included. Grainsize =30

Product branching Temperature (K)
ratio ( B) 200 275 298 325 400
SQ + CRCHO 1.000 1.000 1.000 1.000 1.000
TSo 1 0.0042 0.0886 0.0924 0.0965 0.1071
TS0 2 0.9740 0.5096 0.5063 0.5039 0.5014
TSo 3 0.0219 0.4018 0.4014 0.3996 0.3915
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3.2.9 HFO-sCl reactions with other co -reactants Pathway distribution.

Table S118: Pat hway Di s tsC€Is Ibueadtianswitlf Hb5, H®fand MeOH.
H.S H.O MeOH
sCl TK Brs1 Brs2 Brs: Brs2 Brs1 Brs2
200 0.551 0.449 0.874 0.126 0.899 0.101
275 0.539 0.461 0.807 0.193 0.823 0.177
1 298.15 0.537 0.463 0.790 0.210 0.802 0.198
325 0.534 0.466 0.773 0.227 0.780 0.220
400 0.529 0.471 0.732 0.268 0.728 0.272
200 0.743 0.257 0.270 0.730 0.973 0.027
275 0.677 0.323 0.311 0.689 0.935 0.065
23 | 298.15 0.662 0.338 0.320 0.680 0.923 0.077
325 0.647 0.353 0.329 0.671 0.908 0.092
400 0.614 0.386 0.348 0.652 0.871 0.129
200 0.689 0.311 0.843 0.157 0.900 0.100
275 0.644 0.356 0.789 0.211 0.821 0.179
24 | 298.15 0.634 0.366 0.777 0.223 0.799 0.201
325 0.624 0.376 0.763 0.237 0.776 0.224
400 0.604 0.396 0.734 0.266 0.721 0.279
200 0.734 0.266 0.438 0.562 N/A N/A
275 0.710 0.290 0.424 0.576 N/A N/A
25 | 298.15 0.700 0.300 0.422 0.578 N/A N/A
325 0.688 0.312 0.420 0.580 N/A N/A
400 0.658 0.342 0.417 0.583 N/A N/A
200 0.604 0.396 0.325 0.675 0.472 0.528
275 0.581 0.419 0.383 0.617 0.465 0.535
26 | 298.15 0.576 0.424 0.396 0.604 0.464 0.536
325 0.571 0.429 0.408 0.592 0.462 0.538
400 0.561 0.439 0.435 0.565 0.459 0.541
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Table S119: Branching R®)reacton Wit sCIsf1dr  ( H
sCl T (K) Brs1 Brs2 Brss Brsa
200 0.273 0.171 0.275 0.281
275 0.279 0.143 0.283 0.295
1 298.15 0.281 0.137 0.284 0.298
325 0.282 0.133 0.286 0.300
400 0.284 0.126 0.286 0.304
200 0.273 0.154 0.314 0.259
275 0.289 0.122 0.315 0.274
23 298.15 0.292 0.117 0.314 0.277
325 0.296 0.113 0.311 0.280
400 0.302 0.111 0.303 0.284
200 0.161 0.316 0.249 0.274
275 0.144 0.333 0.246 0.277
24 298.15 0.140 0.336 0.245 0.278
325 0.138 0.339 0.245 0.279
400 0.134 0.341 0.245 0.280
200 0.241 0.259 0.244 0.255
275 0.228 0.273 0.235 0.264
25 298.15 0.225 0.277 0.232 0.266
325 0.220 0.282 0.229 0.269
400 0.211 0.292 0.222 0.275
200 0.254 0.287 0.243 0.216
275 0.256 0.324 0.233 0.188
26 298.15 0.256 0.333 0.230 0.181
325 0.256 0.344 0.227 0.174
400 0.256 0.366 0.219 0.159
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3.3 Effective Rate Constants ( kerr) of HFO-sCI reactions.

3.3.1 Literature Co -reactant Abundances .

Table S120: Representative abundances of atmospheric co -reactants across different environments in the

literature.
Co-reactant Environment AbL_lndanc_e Study Ref
(Original units)
Formaldehyde (HCHO)

Mean of European homes 23.1 pg/m?3 Salthammer et al. 115
Range of European homes 20830 pg/m3 Salthammer et al. 115
Mean of Rural European sites 3.49 ppb Salthammer et al. 115
Range of Rural European sites 0.48%.5 ppb Salthammer et al. 115
Homes with particle floorboards 32.0 ug/m?3 Raw et al. 116
Homes without particle floorboards 20.3 pg/m?3 Rawet al. 116

Homes with particle floorboards in
main b%droom England 37.7 ug/m* Rawet al. B
Homgs without particle floorboards 23.2 pg/m? Raw et al. 116

in main bedroom England
New homes 128 & 135 ug/m?® Rawet al. 116
Average home 22.2 pg/m?3 Rawet al. 116
Minimum 1 ug/m? Rawet al. 116
Maximum 171 pg/m3 Rawet al. 116
In buildings in the absent of ozone <30 ug/m?3 Uhde et al. 17
Highest found with ozone present 148 pg/m?3 Uhde et al. 17
General 0.5 ug/m?3 WHO Regional Publications | '8
Urban general 1f 20 pg/m? WHO Regional Publications | '8
Heavy traffic 100 pg/m? WHO Rgional Publications 118
Mobile Home 490 &g/ n WHO Regional Publications | 18
Sé&o Paulo, Brazil 5.0+2.8 ppbv Nguyenet al. 108
Osaka, Japan 1.9+0.9 ppbv Nguyenet al. 108
Acetaldehyde ( CH;CHO
S&o Paulo, Brazil 5.4+2.8 ppbv Nguyenet al. 108
Osaka, Japan 1.5+0.8 ppbv Nguyenet al. 108
General Aldehydes and Ketones (from Vereecken etal. )

R,R,C=0d8Boreal Forest 1.2 x 101t Vereecken et al. 55
R,R,C=08 Tropical Forest 1.9 x 100 Vereecken et al. 55
R.R,C=08Mega city 5.1 x 101t Vereecken et al. 55
R,R,C=08 Rural Europe 6.6 x 1010 Vereecken et al. 55
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Sulphur Dioxide (SO )

Beijing urban area, China 16.8 + 13.1 ppb Lin et al. 119
Gucheng rural area, China 14.8 + 9.4 ppb Lin et al. 119
Shangdianzi, China 7.5+ 4.0 ppb Lin et al. 119
London Bloomsbury, UK 2 Od/ m defra 120
London Marylebone Road, UK 7 Od/ m defra 120
London N. Kensington, UK 14 OY/ m defra 120
Grangemouth, Falkirk, UK 18 OY/ m defra 120
Londonderry Rosemount, NI, UK 18 OY/ m defra 120
0.1 km from Vollzctir;i)c vents (Mount ~10,000 ¢ Aiuppa et al, 121
10 km from Vo:é:t?]r;)c vents (Mount 7 0§/ m Aiuppa et al, 121
Sao Paulocitywide concentrations 4.94+2.99 ppb Bravo et al. 109
Typical indoor 22.9 ( &D) ppb Salthammer et al. 122

Typical urban concentrations 15 ppbv Hunter et al. 123
SQ & Boreal Forest 1.7 x 100 Vereecken et al. 55

SQ 8 Tropical Forest ~0 Vereecken et al. 55

SQ dMega city 9 x 10'° Vereecken et al. 55
SQdRural Europe 6.6 x 10° Vereecken et al. 55

Nitric Acid (HNO 3) 1.1 x 10%

Houston, TX ~4.5 ppb Leonget al. 111

Los Angeles Southern California 20 ppbv Foreman et al. 124
Southern California rural 0.1-8.0 ppb Crisp et al. 113
Houston, TX 0.4-4.6 ppb Leonget al. 111

HNG, ~101 Kumar and Fransisco 125

Trifluoroacetic acid (CF 3;COQOH)
Beijing (04/14 -04/15) 1459 + 223 pg/m? Zhanget al. 126
Beijing (04/14 -04/15) 1162+ 173 pg/m? Zhanget al. 126
lowest abundance of local TFA 283 pg/m?® Zhanget al. 126
highest abundance of local TFA 6317 pg/m 3 Zhanget al. 126
Average Beijing (05/12 -04/13) 1580 + 558 pg/m 3 Wu et al. 127
75
Europe projected future abundance 0.06 i1 0.94 ppt Henne et al.

Carboxylic acid (RCOOH
RCOOH Boreal Forest 1 x 10 Vereecken et al. 66
RCOOH Tropical Forest 5 x 10'° Vereecken et al. 66
RCOOH Mega city N/A Vereecken et al. 66
RCOOHM Rural Europe N/A Vereecken et al. 66

Hydrofluoric acid (HF)

Stratosphere 0.1-0.5 ppb Mankin et al. 140
vicinity of volcano by ambient T (K) up to 15 ppbv Chenget al. 141
At source of volcano 900 ug m® Chenget al. 141
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Hydrochloric acid (HCI )

Southern California (overall) 1.3 ppb Crisp et al. 125
Southern California (halfway range) 8 ppb Crisp et al. 125
Southern California (Mean) 2.2+2.3 ppb Crisp et al. 125
Southern California (lowest) ~0 ppb Crisp et al. 125
Southern California (highest) 16 ppb Crisp et al. 125
Los Angeles (Daytime) 5 ppb Crisp et al. 125
Los Angeles (Nighttime) 3 ppb Crisp et al. 125
San Francisco Bay 3.9 ppb Crisp et al. 125
Standard tropospheric range 100 - 300 pptv Sanhuezaet al. 142
Industrial or marine environments 1.5- 3 ppb Graedel 143
and Keene
Hydrogen sulphide (H ,S)
Volcanoes 500 ppb Kumar et al. 144
Constructio_n gnd demolition waste 7 100 ppm Kumar et al. 144
emissions- average
construction and demolition waste 5,00031.2,000 ppm Kumar et al. 144

emissions highest end

ambient air range 0.118.33 ppb Abdollahi and Hosseini 145
industrial landfill, Terre Haute, 146
Indiana, USA 2.0 8300 ppb Levelset al.
Dakota City 1999 090 ppb Inserra et al. 147
Methanol (CH3;OH)

Troposphere over Remote oceans 1 ppbv Heikes et al. 148
Average Urban areas and forest 20 ppbv Heikes et al. 148
Sé&o Paulo, Brazil 34.1+9.2 ppb Nguyen et al. 120

Osaka, Japan 5.8+3.8 Nguyenet al. 120
" A . 148,1

wooded North Carolina industrial 78.5f 297 ppbv Kelly et al. o

area
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3.3.2 Effective Rate Constants Used in Manuscript

Table S121: Co-reactant and their chosen atmospheric concentration ([ co-reactant ]); Criegee Intermediate number [sCI);
computational master equation rate constant (k wve)*; dipole -dipole capture limit (k «.q); literature experimental rate
constant (Kexp); and effective rate constants (K et = krheo % [co-reactant J).

[Co-reactant ] sCl ke Kd-d Kexp Keft
(molec./cm 2) (cmds?h (cm®s?h (cm® s (s?)
HCHO 1 2.79 x 1012 1.06 x 10° - 5.60
23 2.69 x 1018 8.04 x 1010 - 0.54
2.0 x 102 24 2.49 x 1012 6.46 x 1010 - 5.0
(Urban Heavy 25 » Ka-d 7.20x 10 % - 1447
traffic) % 26 1.66 x 101 7.07 x 101° - 334
CRCHO 1 » Kd-d 6.50 x 10%° - -
CKCFO 1 1.98 x 1012 3.34 x 10%° - -
SQ 1 » Kd-d 7.25 x 101 3.80 x 101! 300
23 1.90 x 1012 5.08 x 10’10 - 0.79
4.1 x 10" 24 » Kd-d 4,08 x 10 - 169
(Beijing urban 25 » Ka-d 451 x 101 - 186
area) 1% 26 » Kd-d 4.42 x 10 - 183
HNGs 1 8.22 x 10° 8.45 x 10 10 5.1 x 10%° 94
23 2.06 x 10 1 5.93 x 1010 - 2.3
1.1x101" 24 8.87 x 101 4,76 x 1010 - 9.8
(Houston, 25 9.25 x 10 5.26 x 10 ¢ - 58
Texas) % 26 7.53 x 10 % 5.16 x 10%° - 8.4
TFA 1 » Kd-d 7.54 x 1010 3.50 x 1010 2.5x107?
23 » Ka-d 4,96 x 10 10 - 1.7 x 102
3.3 x 107 24 » Kd-d 3.98 x 10 10 - 1.3x 102
(Beijing higher 25 » Ka-d 4.35x 10 - 1.5 x 1072
emission areas) 26 » Ka-d 4.27 x10 % - 1.4 x107?
H20 1 1.18 x 1016 1.06 x 10° 2.4 x 101 73
23 1.35x 1018 8.38 x 1010 - 0.83
6.2 x 10V 24 1.12x1016 6.73 x 101° - 70
(~80% humidity 25 5.13x10 12 7.54 x 1010 - 3.2x10°
Sao Paulo) 124150 26 227x10°18 7.40 x 101° - 1.4 x10°
(H20)2 1 3.28 x 10 12 1.07 x 10° 7.50 x 1012 2.9 x 10°
23 2.71x 101 7.99 x 1010 - 2.4 x 10°
8.7 x 10 24 3.74x10 12 6.42 x 1010 - 3.3x10°
(~80% humidity 25 1.14 x 10° 7.14x 101 - 6.2 x 10°
Sao Paulo) 121150 26 1.46 x 10° 7.01x101%° - 6.1 x10°
MeOH 1 1.20x 10 8.15 x 1010 1.1x10™ 0.010
23 943 x10°Y 6.14 x 1010 - 7.9 x10°%
8.4 x 101! 24 3.30 x 10 4 4,93 x 101 - 0.028
(Sao Paulo, 25 » Ka-d 5.50 x 10 10 - 462
Brazil) ' 26 3.31x10 % 5.39 x 101° - 28
H2S 1 7.06 x 10 15 5.68 x 1010 1.7 x 10*® 0.052
23 1.96 x 10 16 4,26 x 1010 - 1.4 x10°
1.2 x 108 24 572x101 3.42 x 1010 - 0.042
(Industrial 25 6.08 x 10 13 3.81 x 101° - 4.5
landfill) 46 26 1.23x10 3.74 x 101° - 0.091
HCI 1 4,70 x 10 10 6.06 x 10°1° 4.1 x 10%* 58
23 4.04 x 10 1% 4,51 x 101 - 5.0 x 10°
1.2 x 101 24 7.28x10 1 3.62 x 1010 - 8.96
(Daytime 25 1.64 x 1010 4,03 x 10 - 20
Los Angeles) ?° 26 1.13x10°%0 3.96 x 101° - 14
HF 1 3.32x 108 8.15 x 1010 - 0.12
3.7 x 101 23 6.67 x 10 18 6.14 x 1010 - 2.5x10°
(near Volcano 24 2.86 x 1015 4,93 x 101 - 1.1x10°
vicinity 25 1.19x10 % 5.50 x 10'1° - 4.4
ambient T) 41 26 3.66 x 10 8 5.39 x 10%° - 0.14

* 080 krefers to barrier!| e ssandthatdhe k dqshowd be userlinstead el d no k

3.3.3 Effective Rate Constants At Lower Range.

Table S122: Co-reactant and their chosen atmospheric concentration ([ co-reactant ]); Criegee Intermediate number [sCI);
computational master equation rate constant (k wve)*; dipole -dipole capture limit (k «¢.q); literature experimental rate
constant (Kexp); and effective rate constants (k et = krieox [co-reactan t]).

[Co-reactant ] sCl Kme Kd-a Kexp Kerr
(molec./cm 3) (cm® st (cmds?h (cm®s?h (s1)
HCHO 1 2.79 x 1012 1.06 x 10° - 1.3
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23 2.69 x 1013 8.04 x 101° - 0.12

4.6 x 10% 24 2.49 x 1012 6.46 x 1010 - 1.2
(European 25 » Ka-d 7.20 x 10 - 334
Home average) ¥ 26 1.66 x 101t 7.07 x 101° - 7.7
CRCHO 1 » Kad-d 6.50 x 10'1° - -
CRCFO 1 1.98 x 102 3.34 x 10%° - -
SQ 1 » Kd-d 7.25 x 101 3.80 x 101! 88.3
23 1.90 x 102 5.08 x 10’10 - 0.23
1.2 x 10" 24 » Ka-d 4.08 x 1010 - 49.7
(Sao Paulo, 25 » Ka-d 451 x 101 - 54.8
Brazil) * 26 » Kd-d 4.42 x 10 - 53.8
HNGs 1 8.22 x 10° 8.45 x 10 10 5.1 x 10%° 60
9.9 x 10° 23 2.06 x 10 1* 5.93 x 1010 - 9.8
(Houston, 24 8.87 x 1011 4,76 x 10 - 53
Texas, lower 25 9.25 x 10% 5.26 x 10 *° - 58
boundary) 23 26 7.53x10 1 5.16 x 10'1° - 57
TFA 1 » Kd-d 7.54 x 10 0 3.50 x 1010 1.7 x 10°
23 » Kd-d 4,96 x 10 *¥° - 1.1x10°%
2.3 x10° 24 » Ka-d 3.98 x 1010 - 9.2 x 10*
(Europe urban 25 » Ka-d 4.35x 1010 - 1.0x 103
projected) ™ 26 » Ka-d 4.27 x10 % - 9.9 x 10*
H20 1 1.18x 1016 1.06 x 10° 2.4 x 101® 28
23 1.35x 1018 8.38 x 1010 - 0.32
2.4 x 10v 24 1.12x 1016 6.73 x 101° - 27
(Mega city) ¢ 25 5.13 x 1012 7.54 x 1010 - 1.2 x10°
26 227 %101 7.40 x 101° - 5.44 x 10*
(H20):2 1 3.28x10 12 1.07 x 10° 7.50 x 1012 279
23 271 %1012 7.99 x 1010 - 231
8.5 x 10% 24 3.74x 1012 6.42 x 1010 - 318
(Mega city) ¢ 25 1.14 x 10 7.14 x 101 - 6.1 x 10*
26 1.46 x 10° 7.01x101% - 6.0 x 10*
MeOH 1 1.20 x 10 4 8.15 x 1010 1.1x10% 1.7 x 10
23 9.43 x10°Y 6.14 x 1010 - 1.3 x 10%
1.4 x 10" 24 3.30x10 4 4,93 x 1010 - 4.7 x 108
(Osaka, Japan) 20 25 » Ka-d 5.50 x 10 ¥ - 79
26 3.31x101 5.39 x 101° - 4.7
H2S 1 7.06 x 10 15 5.68 x 1010 1.7 x 101 5.7 x 10°
23 1.96 x 10 16 4,26 x 1010 - 1.6 x 10°
1.2 x10° 24 5.72x 10 3.42 x 101° - 4.6 x 10°
(ambient air 25 6.08 x 10 13 3.81 x 101° - 4.9 x 10°
range) 26 1.23x10 3.74 x 10%° - 1.0 x 10*
HCI 1 4,70 x 10 10 6.06 x 10°1° 4.1 x 10%* 3.5
23 4,04 x 101 4,51 x 10 - 3.0 x 10*
7.4 x10° 24 7.28x10 1 3.62 x 1010 - 0.54
(Standard 25 1.64 x 10 1 4.03 x 101 - 1.2
troposphere) 42 26 1.13 %1010 3.96 x 101° - 0.83
HF 1 3.32x 1013 8.15 x 1010 - 0.12
3.7 x 101t 23 6.67 x 10 18 6.14 x 1010 - 2.5 x10°
(near Volcano 24 2.86 x 10 15 4,93 x 1010 - 1.1x10°%
vicinity 25 1.19x10 1 5.50 x 10'1° - 4.4
ambient T) 4 26 3.66 x 1018 5.39 x 10%° - 0.14

* 080 krefers to barrier| e sgandthatdhe k ddchowd be userlinstead. el d no Kk

3.3.4 Effective Rate Constants At Medium Range.

Table S123: Co-reactant and their chosen atmospheric concentration ([ co-reactant ]); Criegee Intermediate number [sCI);
computational master equation rate constant (k wve)*; dipole -dipole capture limit (k ¢.q); literature experimental rate
constant (Kexp); and effective rate constants (k et = krieox [co-reactan t]).

[Co-reactant ] sCl kme Kd-d Kexp Ker
(molec./cm 3) (cm® s (cmd st (cm® st (s1)
HCHO 1 2.79 x 1012 1.06 x 10° - 5.60
23 2.69 x 1013 8.04 x 10'1° - 0.54
2.0 x 10'? 24 2.49 x 1012 6.46 x 1010 - 5.0
(Heavy traffic) % 25 » Ka-d 7.20x 10 % - 1447
26 1.66 x 101t 7.07 x 10%° - 334
CKRCHO 1 » Kg-d 6.50 x 10%° - -
CRCFO 1 1.98 x 1012 3.34 x 101° - -
SQ 1 » Ka-d 7.25 x 1010 3.80 x 101! 300
23 1.90 x 102 5.08 x 1010 - 0.79
4.1 x 10% 24 » Ka-d 4.08 x 101 - 169
(Beijing urban 25 » Ka-d 4.51 x 10 - 186
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area) % 26 » Ka-d 4.42 x 10710 - 183
HNGs 1 8.22 x 10° 8.45 x 10 10 5.1 x 10%° 60
23 2.06 x 10 11 5.93 x 1010 - 9.8
1.1 x 10" 24 8.87 x 10 4,76 x 10°%° - 53
(Houston, 25 9.25 x 108 5.26 x 10 10 - 58
Texas) 12 26 7.53x101 5.16 x 10%° - 8.4
TFA 1 » Kd-d 7.54 x 10 0 3.50 x 1010 4.6 x 10°
23 » Ka-d 4,96 x 10 10 - 3.0x 10°
6.1 x 10° 24 » Ka-d 3.98 x 10 10 - 2.4 x10°
(Beijing average 25 » Ka-d 4.35x 1010 - 2.7 x 10°
emission areas) *®* 26 » Kg-d 427 x101° - 2.6 x 10°
H.0 1 1.18 x 10 16 1.06 x 10° 2.4 x107¢ 73
6.2 x 10" 23 1.35x 10 18 8.38 x 1010 - 0.83
(~80% 24 1.12 x 10 ¢ 6.73 x 1010 - 70
humidity, 25 5.13x 1012 7.54 x 1010 - 3.2 x 10°
Sao Paulo) 124150 26 227 %101 7.40 x 101° - 1.4 x10°
(H20)2 1 3.28 x 10 12 1.07 x 10° 7.50 x 1012 2.9 x10°
8.7 x 10 23 2.71x 10712 7.99 x 1010 - 2.4 x10°
(~80% 24 3.74x10 % 6.42 x 101° - 3.3x10°
humidity, 25 1.14 x 10° 7.14x 10 - 6.2 x 10°
Sao Paulo) 12150 26 1.46 x 10° 7.01x101%° - 6.1 x 10°
MeOH 1 1.20 x 10 4 8.15 x 1010 1.1x10%8 0.010
23 9.43 x10°Y 6.14 x 1010 - 7.9 x10°%
8.4 x 101! 24 3.30x 10 4,93 x 1010 - 0.028
(Sao Paulo, 25 » Ka-d 5.50 x 10 ¥ - 462
Brazil) % 26 3.31x10*% 5.39 x 10%° - 28
H2S 1 7.06 x 10 15 5.68 x 1010 1.7 x 101 0.052
23 1.96 x 10 ¢ 4,26 x 101 - 1.4 x 10°
1.2 x 108 24 5.72x10°1 3.42 x 1010 - 0.042
(Industrial 25 6.08 x 10 13 3.81 x 101° - 45
landfill) ¢ 26 1.23x10 3.74 x 101° - 0.091
HCI 1 4,70 x 10 10 6.06 x 1010 4.1 x 10%* 19
3.2x 101 23 4,04 x 10 4,51 x 101 - 1.3 x10*
(Southern 24 7.28x10 1 3.62 x 1010 - 0.24
California 25 1.64 x 10 1° 4.03 x 10 - 0.53
Overall) 1% 26 1.13x 100 3.96 x 101° - 0.36
HF 1 3.32x10°1 8.15 x 1010 - 9.0
23 6.67 x 10 18 6.14 x 1010 - 1.8 x10*
2.7 x 10*® 24 2.86 x 10 15 4,93 x 1010 - 0.076
(At Volcanic 25 1.19x 10 5.50 x 1010 - 320
source) 26 3.66 x 1013 5.39 x 10'1° - 9.9

* ougd krefers

3.3.5 Effective Rate Constants At Higher Range.

to barrier !l e sssandthatdhe k 44 showd be usexd instead. e | d

no

Table S124: Co-reactant and their chosen atmospheric concentration ([ co-reactant ]); Criegee Intermediate number [sCl);
computational master equation rate constant (k

ve)*; dipole -dipole capture limit (k 4.q); literature experimental rate
constant (Kexp); and effective rate constants (k et = krieo % [co-reactant J).

[Co-reactant ] sC Kme Kd-d Kexp Ket
(molec./cm 3) I (cm®s?) (cm®s? (cm®sY (sh
HCHO 1 2.79 x 1012 1.06 x 10° - 27.4
23 2.69 x 1013 8.04 x 1010 - 2.64
9.8 x 10'? 24 2.49 x 1012 6.46 x 101° - 245
(Caravan/ 25 » Kd-d 7.20 x 10 - 7088
mobile home) **° 26 1.66 x 101! 7.07 x 10%° - 164
CRCHO 1 » Kd-d 6.50 x 10'1° - -
CRCFO 1 1.98 x 1012 3.34 x 101° - -
SQ 1 » Kd-d 7.25 x 10710 3.80 x 101! 68217
23 1.90 x 1012 5.08 x 10'1° - 178
9.4 x 101 24 » Ka-d 4.08 x 1010 - 38398
(0.1 km from 25 » Ka-d 4.51 x 10 - 42373
Mt. Etna) % 26 » Kd-d 4.42 x 1010 - 41563
HNGs 1 8.22 x 10° 8.45 x 10 %0 5.1 x 10%° 416
23 2.06 x 10 1t 5.93 x 1010 - 10.1
4.9 x 10%* 24 8.87 x10 1t 4,76 x 10%° - 43.7
(Southern 25 9.25 x 10°% 5.26 x 10 %0 - 259
California rural) 26 7.53x101 5.16 x 101° - 37.3
TFA 1 » Kad-d 7.54 x 10 10 3.50 x 10'%° 2.5 x 102
23 » Kd-d 4,96 x 10 10 - 1.7 x 102
3.3 x 107 24 » Kd-d 3.98 x 10 %0 - 1.3 x 10?2
(Beijing higher 25 » Ka-d 4.35x 1010 - 1.5x 102
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emission areas) *! 26 » Kg-d 4.27x101° - 1.4 x10?
H.0 1 1.18 x 10 16 1.06 x 10° 2.4 x 101° 91
7.7 x 10Y 23 1.35x 10 18 8.38 x 1010 - 1.0
(~100% 24 1.12x 1016 6.73 x 1010 - 87
Sao Paulo 25 5.13x 1012 7.54 x 10710 - 4.0 x 1¢°
outside) 21150 26 2.27x101 7.40 x 1010 - 1.8x10°
(H20)2 1 3.28 x 1012 1.07 x 10° 7.50 x 1012 4.5 x 10°
1.4 x 10% 23 2.71x1012 7.99 x 1010 - 3.7 x10°
(~100% 24 3.74x 1012 6.42 x 1010 - 5.1 x 1¢°
Sao Paulo 25 1.14 x 10° 7.14x 101 - 9.7 x 10°
outside) 21150 26 1.46 x 10° 7.01x10 1% - 9.5 x 10°
MeOH 1 1.20 x 10 4 8.15 x 1010 1.1x10%8 0.088
23 9.43x10Y 6.14 x 1010 - 6.9 x 10*
7.3 x 10*2 24 3.30x 10 4,93 x 100 - 0.24
(North Carolina 25 » Ka-d 5.50 x 10 ¢ - 4.0 x 1¢°
Industrial zone) *° 26 3.31x101 5.39 x 10'1° - 242
H2S 1 7.06 x 10 15 5.68 x 1010 1.7 x 1018 2100
23 1.96 x 10 ¢ 4.26 x 10 - 58
3.0 x 10Y7 24 572x10°1 3.42 x 1010 - 1700
(construction 25 6.08 x 10 18 3.81 x 10%° - 1.8x 10°
Waste- peak) '* 26 1.23x10 3.74 x 101° - 1500
HCI 1 4,70 x 10 10 6.06 x 1010 4.1 x 104 190
3.9 x 101t 23 4,04 x 10 4,51 x 10%° - 0.016
(Southern 24 7.28x101 3.62 x 101° - 29
California 25 1.64 x 10 1° 4.03 x 10%° - 65
Highest) *?° 26 1.13x 100 3.96 x 10'1° - 44
HF 1 3.32x 101 8.15 x 1010 - 9.0
23 6.67 x 10 18 6.14 x 1010 - 1.8 x10*
2.7 x 101 24 2.86 x 10 15 4,93 x 1010 - 0.076
(At Volcanic 25 1.19x 10 5.50 x 1010 - 320
source) 26 3.66x10 13 5.39 x 10'1° - 9.9

* g0 krefers

to barrier!l e sssandthatdhe k 44 ehowd be used instead. e | d

computational master equation rate constant (k

3.3.6 Effective Rate Constants At Higher Range.

al.. 66

[Coreactant ] sCl Kme Kd-d Kexp Keft

(molec./cm 3) (cm3s?h (cm3s?h (cm3s?) (s1)

H20 1 1.18 x 10 16 1.06 x 10° 2.4 x 1016 46

23 1.35x 1018 8.38 x 1010 - 0.53

3.9 x 10Y7 24 1.12x 1016 6.73 x 10'1° - 44
(Boreal 25 5.13x 1012 7.54 x 1010 - 2.0 x 10°
Forest) 26 227 x10°18 7.40 x 101° - 8.8 x 10*

H20 1 1.18 x 1016 1.06 x 10° 2.4 x 101 72

23 1.35x 1018 8.38 x 10'1° - 0.82

6.1 x 10Y7 24 1.12x1016 6.73 x 1010 - 69
(Tropical 25 5.13x10 12 7.54 x 1010 - 3.1 x10°
Forest) 26 227x10°18 7.40 x 101° - 1.4 x 10°

H20 1 1.18x 1016 1.06 x 10° 2.4 x 101 28

23 1.35x1018 8.38 x 10'1° - 0.32

2.4 x 10Y 24 1.12x 1016 6.73 x 1010 - 27
(Mega city) 25 5.13x 1012 7.54 x 1010 - 1.2 x10°
26 227x10 8 7.40 x 1010 - 5.44 x 10

H20 1 1.18 x 10 16 1.06 x 10° 2.4 x 1016 45

23 1.35x 1018 8.38 x 10'1° - 0.51

3.8 x 10Y7 24 1.12x10°16 6.73 x 1010 - 43
(Rural 25 5.13x 1012 7.54 x 1010 - 1.9 x10°
Europe) 26 227 x101 7.40 x 1010 - 8.6 x 10

(H20):2 1 3.28 x10 %2 1.07 x 10° 7.50 x 1012 754

23 2.71x1012 7.99 x 1010 - 624

2.3 x 10 24 3.74x 1012 6.42 x 1010 - 861
(Boreal 25 1.14 x 10° 7.14x 10 - 1.6 x 10°
Forest) 26 1.46 x 10° 7.01x101%° - 1.6 x10°
(H20) 1 3.28 x 10 12 1.07 x 107 7.50 x 1012 1.8 x 10°
23 2.71x101 7.99 x 1010 - 1.5x10°
5.5 x 10 24 3.74x10 1 6.42 x 101° - 2.1x10°
(Tropical 25 1.14 x 106 7.14x101° - 3.9 x10°
Forest) 26 1.46 x 10° 7.01x101%° - 3.9 x10°

no

Table S125: Co-reactant and their chosen atmospheric concentration ([ co-reactant ]); Criegee Intermediate number [sCI);
ve)*; dipole -dipole capture limit (k 4-q); literature experimental rate
constant (Kexp); and effective rate constants (k e = krreox [co-reactan t]). Abundance obtained from study by Vereecken et
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(H20):2 1 3.28 x 10 12 1.07 x 10° 7.50 x 1012 279

23 2.71x 1012 7.99 x 1010 - 231

8.5 x 10%° 24 3.74 x 1012 6.42 x 1010 - 318
(Mega city) 25 1.14 x 10° 7.14x 101 - 6.1 x10*
26 1.46 x 10° 7.01x101%° - 6.0 x 10*

(H20)2 1 3.11x 1012 1.07 x 10° 7.50 x 1012 688

23 2.25 x 1012 7.99 x 1010 - 570

2.1 x 10% 24 6.64 x 10 10 6.42 x 1010 - 786
(Rural 25 1.14 x 10° 7.14x 10 - 1.5x10°
Europe) 26 1.46 x 10° 7.01x10% - 1.5x10°

* 0400 reffers to barrierless reactions that yield no k

ve and that the k ¢.4 should be used instead.
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Table S126: Co-reactant and their chosen atmospheric concentration ([ co-reactant ]); Criegee Intermediate number [sCI);
computational master equation rate constant (k wme)*; dipole -dipole capture limit (k 4.q); literature experimental rate
constant (kexp); and effective rate constants (k et = krneoX [co-reactant ]). Abundance obtained from study by Vereecken et

al..
[Coreactant ] sCl kve Kd-d Kexp Kef
(molec./cm 2) (cmd st (cm®s?h (cm® s (s
SQ 1 » Kd-d 7.25 x 10 3.80 x 101! 12
23 1.90 x 1012 5.08 x 100 - 0.032
1.7 x 10% 24 » Kd-d 4.08 x 101 - 6.9
(Boreal 25 » Ka-d 4,51 x 1010 - 7.7
Forest) 26 » Ka-d 4.42 x 101 - 7.5
SQ 1 » Kd-d 7.25 x 101 3.80 x 101! 65
23 1.90 x 102 5.08 x 10'1° - 0.17
9.0 x 10%° 24 » Kd-d 4,08 x 10 - 37
(Mega city) 25 » Ka-d 451 x 101 - 41
26 » Ka-d 4.42 x 101° - 40
SG 1 » Ka-d 7.25 x 1071 3.80 x 10 4.8
23 1.90 x 1012 5.08 x 100 - 0.013
6.6 x 10° 24 » Kd-d 4,08 x 10 - 2.7
(Rural 25 » Kd-d 4,51 x 1010 - 3.0
Europe) 26 » Ka-d 4.42 x 10 - 2.9
RiR.C=0 1 2.79 x 102 1.06 x 10° - 0.33
1.2 x 101 23 2.69 x 1018 8.04 x 1010 - 0.032
24 2.49 x 1012 6.46 x 1010 - 0.30
(RiRCO: Boreal 25 » Ka-d 7.20x 10 - 86
Forest) 26 1.66 x 101 7.07 x 101° - 2.0
RiR.C=0 1 2.79 x 1012 1.06 x 10° - 0.053
1.9 x 1010 23 2.69 x 1018 8.04 x 1010 - 5.1 x 10®
(RiRCO: 24 2.49 x 1012 6.46 x 10'1° - 0.047
Tropical 25 » Ka-d 7.20x 10 - 14
Forest) 26 1.66 x 101 7.07 x 101° - 0.32
RiR.C=0 1 2.79 x 102 1.06 x 10° - 1.4
5.1 x 101 23 2.69 x 1018 8.04 x 10'1° - 0.14
24 2.49 x 1012 6.46 x 1010 - 1.3
(RiR.CO: Mega 25 » Kd-d 7.20 x 10 1° - 367
city) 26 1.66 x 101 7.07 x 100 - 8.5
RiR.C=0 1 2.79 x 102 1.06 x 10° - 0.18
6.6 x 10'° 23 2.69 x 1018 8.04 x 1010 - 0.018
24 2.49 x 1012 6.46 x 1010 - 0.16
(RiRCO: Rural 25 » Ka-d 7.20 x 1010 - 48
Europe) 26 1.66 x 101 7.07 x 10%° - 1.1
RCOOH 1 » Kd-d 7.54 x 10 10 3.50 x 10°1° 75
1.0 x 101 23 » Kg-d 4,96 x 10 1° - 50
(RCOOH: 24 » Kg-d 3.98 x 10 10 - 40
Boreal 25 » Kd-d 4.35x 10 % - 43
Forest) 26 » Kd-d 4.27x 101 - 43
RCOOH 1 » Kg-d 7.54 x 10 10 3.50 x 1010 38
5.0 x 10'° 23 » Kd-d 4,96 x 10 10 - 25
(RCOOH: 24 » Kd-d 3.98 x 10 10 - 20
Tropical 25 » Ka-d 4.35x 1010 - 22
Forest) 26 » Ka-d 4.27x101° - 21

* g0 krefers

to barrierl e sssandthatdhe k i showdd be Usexd instead. e | d

no
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3.4 Relative Energies, Enthalpies and Gibbs Free Energies

Table 127: sCI1+ HCHO r el ati ve epnoeirngti ecso r(raek)t,e dz eernoe r goysfs)@HP E) enth
Gibbs free energies ( @&63.15) [units=kJ mol -]
#sCl Stationary Point | n9 | n%t 9] nheis | n Bes
1 sCl1 + HCHO Cycloaddition
PRC -30.01 -20.697 -22.37 18.78
TS -31.24 -20.771 -25.26 22.54
HOZ -240.60 -214.398 -221.72 -167.46
HOZ to FAc pathway instant
HOZ -240.60 -214.398 -221.72 -167.46
TSacl -31.27 -27.221 -32.64 18.22
Grac2 -499.21 -488.439 -487.37 -455.44
HCHO + HCOOH con 2 -479.10 -473.302 -473.41 -473.31
HOZ to FAc pathway via HAE
HOZ -240.60 -214.398 -221.72 -167.46
TS -55.03 -53.629 -60.17 -7.28
HAE con 1 -552.41 -527.558 -532.15 -484.81
TSo -538.07 -515.748 -521.06 -473.82
HAE con 2 -564.24 -537.972 -543.27 -493.49
TSine -461.21 -450.820 -456.96 -405.34
Geacl -534.87 -520.548 -521.48 -483.02
HCHO + HCOOH con 1 -496.94 -490.251 -490.54 -490.25
Table 128 sCls 23 & 24-HCHO r el ati ve enpaigrntesc raaEdct e reoner gpfs)eZPE) , e
and Gi bbs fr exis)dunisakhnoe’d ( &G
#sCl Stationary Point | n9 | n%t 9] pnheis | n Bes
23 & sCl 3+ HCHO Cycloaddition
24 sCl 3+ HCHO PRC -25.46 -20.762 -19.54 16.22
sCl23+ HCHO T8 -19.91 -11.620 -15.07 33.88
HOZ 1 -269.20 -245.226 -251.81 -196.12
sCl24 + HCHO Cycloaddition
sCI24+ HCHO -2.54 -3.384 -2.84 -5.13
sCl24+ HCHO PRC2 -33.92 -26.983 -27.12 11.38
sCl24+ HCHO T3 -30.86 -22.337 -25.61 21.15
HOZ 2 -265.64 -241.572 -248.03 -192.96
sCl 1 + GEHO Cycloaddition (barrierless to both HOZ 1 and HOZ 2)
sCl 1+ GEHO -25.58 -23.031 -23.88 -28.29
HOzZ 1 -269.20 -245.226 -251.81 -196.12
HOZ 2 -265.64 -241.572 -248.03 -192.96
HOZ interconversion
HOzZ 1 -269.20 -245.226 -251.81 -196.12
TSioz -244.72 -222.160 -229.91 -172.06
HOZ 2 -265.64 -241.572 -248.03 -192.96
HOZ to TFA pathway via HAE
HOZ 2 -69.21 -69.80 -75.28 -21.27
TS1 -563.17 -540.11 -543.46 -497.71
HAE1 -563.17 -540.11 -543.46 -497.71
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TSl -548.18 -527.55 -531.87 -484.43
HAE2 -572.00 -547.90 -551.77 -504.07
TSiae2 -470.55 -462.94 -467.47 -419.42
Creal -546.45 -534.10 -534.02 -497.41
HCHO + TFA con 1 -503.26 -497.58 -497.56 -499.29
HOZ to TFA pathway instant
HOZ 1 -269.20 -245.226 -251.81 -196.12
TSeidl -51.64 -49.669 -53.97 -2.98
Crra2 -515.99 -506.127 -504.67 -470.12
HCHO + TFA con 2 -490.02 -484.350 -484.35 -486.57
HOZ to FAc pathway via HAE 1
HOZ 2 -265.64 -241.572 -248.03 -192.96
T&2 -78.75 -77.785 -83.39 -29.16
HAE3 -583.13 -561.064 -564.90 -516.69
T2 -569.16 -549.560 -554.18 -505.61
HAES -587.81 -565.054 -569.35 -518.55
T3 -559.56 -538.677 -544.96 -489.08
HAE6 -577.33 -554.290 -558.81 -507.64
TSiae2 -490.71 -481.145 -486.71 -433.25
Geacl -547.63 -534.425 -533.65 -501.21
CBCHO + HCOOH con 1 -522.52 -513.282 -514.42 -518.54
HOZ to FAc pathway via HAE 2
HOZ 1 -269.20 -245.226 -251.81 -196.12
TS3 -66.82 -66.612 -72.08 -18.28
HAE4 -556.17 -534.737 -538.48 -488.78
TS0 4 -547.52 -528.525 -533.16 -482.92
HAE6 -577.33 -554.290 -558.81 -507.64
TSie2 -490.71 -481.145 -486.71 -433.25
Geacl -547.63 -534.425 -533.65 -501.21
CRCHO + HCOOH con 1 -522.52 -513.282 -514.42 -518.54
HOZ to FAc pathway instant 1
HOZ 2 -265.64 -241.572 -248.03 -192.96
TSac2 -57.38 -54.01 -58.84 -6.25
Geac2 -519.30 -508.906 -506.27 -489.77
CRBCHO + HCOOH con 2 -504.68 -496.333 -497.29 -501.59
HOZ to FAc pathway instant 2
HOZ 1 -269.20 -245.226 -251.81 -196.12
TSAc3 -64.58 -61.516 -66.49 -13.52
Geacl -519.30 -508.906 -506.27 -489.77
CRBCHO + HCOOH con 2 -504.68 -496.333 -497.29 -501.59
HOZ to Ester pathway 1
HOZ 1 -269.20 -245.226 -251.81 -196.12
TSester 2 8.61 14.232 10.93 59.39
Cester 1 -509.42 -501.720 -499.59 -471.59
SQ + CEOCHO -491.39 -486.849 -487.23 -486.48
HOZ to Ester pathway 2
HOZ 2 -265.64 -241.572 -248.03 -192.96
TSester 1 -1.75 5.375 2.10 49.25
Cester 1 -509.42 -501.720 -499.59 -471.59
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Table S129: sCIs25 & 26 + HCHO r el ati ve epoigitecsofeE)t ederrmer gy ( &®ZPE),
(a@b1s) and Gi bbs f rge [udtsriedmglille s ( &G
#sClI Stationary Point | n9 | n%to] pheis | n ss
25 & sCI25+ HCHO Cycloaddition
26 sCI25+ HCHO 0.00 0.00 0.00 0.00
HOZ 1 -319.80 -296.57 -303.49 -246.27
sCI26 + HCHO Cycloaddition
sCI26+ HCHO -13.71 -13.00 -12.94 -14.17
sCI26 + HCHO PRC2 -49.26 -42.03 -41.98 -2.73
sCI26 + HCHO TSc2 -50.58 -41.87 -45.21 3.44
HOZ 2 -324.11 -300.82 -307.87 -250.07
sCl 1 + GEFO Cycloaddition (barrierless) and interconversion
sCl 1+ CECFO -104.69 -99.204 -100.88 -104.39
sCl 1+ CECFO PRC 1 -142.02 -130.881 -132.56 -88.12
sCl 1+ CBCFO TSc 3 -137.70 -125.889 -130.53 -78.24
HOZ 1 -319.80 -296.57 -303.49 -246.27
sCl 1+ CECFO PRC 2 -140.32 -129.582 -130.88 -87.76
sCl 1+ CECFO TSc 4 -133.79 -121.601 -126.45 -73.87
HOZ 2 -324.11 -300.82 -307.87 -250.07
HOZ interconversion
HOZ 1 -319.80 -296.57 -303.49 -246.27
TSioz -306.38 -284.60 -292.77 -233.16
HOZ 2 -324.11 -300.82 -307.87 -250.07
HOZ to FAc pathway via HAE
HOZ 1 -319.80 -296.57 -303.49 -246.27
TS3 -62.48 -64.96 -69.63 -17.20
HAE4 -623.96 -603.09 -608.14 -554.75
TS&o4 -620.09 -600.04 -607.14 -548.57
HAE6 -633.12 -611.96 -616.94 -563.57
TSiae2 -562.48 -552.91 -558.75 -505.22
Geacl -627.18 -611.53 -611.33 -578.03
CECFO + HCOOH con 1 -601.63 -589.46 -591.42 -594.65
HOZ to FAc pathway instant 1
HOZ 2 -324.11 -300.82 -307.87 -250.07
TSacl -125.35 -121.86 -127.32 -72.20
Geac2 -602.46 -589.07 -587.71 -562.25
CECFO + HCOOH con 2 -583.79 -572.51 -574.29 -577.70
HOZ to FAc pathway instant 2
HOZ 1 -319.80 -296.57 -303.49 -246.27
TSac2 -107.18 -104.33 -109.25 -56.05
Grac3 -602.30 -588.97 -587.54 -563.31
HOZ to Ester pathway 1
HOZ 2 -324.11 -300.82 -307.87 -250.07
TSester 1 -568.73 -51.48 -55.19 -5.01
Cester 1 -572.76 -562.29 -561.57 -527.35
SQ + CEOCHO -550.95 -544.10 -545.28 -543.71
HOZ to Ester pathway 2
HOZ 1 -319.80 -296.57 -303.49 -246.27
TSester 1 -70.99 -62.91 -66.83 -16.40
Cester 1 -572.76 -562.29 -561.57 -527.35
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Table S130:sCFSQr el at i ve

energoiest (ek&nr ectee @

e ner gs{s)aBibhs ,

free en e pgds [Eniss=k( oG]
#sCl Stationary Point | no | n¥%t 9 | hesis N Bueis
1 SOZ interconversion
SOz 1 -159.88 -143.95 -149.04 -94.15
TSoz -148.79 -134.22 -140.76 -83.16
SOZ 2 -164.58 -148.85 -154.01 -98.88
SOZ to €y pathway 1
SOz 1 -159.88 -143.95 -149.04 -94.15
TSal -71.81 -63.96 -68.44 -15.15
Gsa -364.76 -355.00 -355.80 -311.56
HCHO + SO -319.41 -317.93 -317.75 -315.70
SOZ to €a pathway 2
SOZ 2 -164.58 -148.85 -154.01 -98.88
TSq?2 -96.60 -89.19 -93.94 -39.79
Gsa -364.76 -355.00 -355.80 -311.56
SOZ to &idpathway 1
S0OZ 2 -164.58 -148.85 -154.01 -98.88
TScid 1 -18.91 -20.42 -23.58 27.15
Cacid 2 -496.42 -488.05 -485.39 -459.81
SQ+ FAcon 2 -479.10 -473.30 -473.41 -473.31
SOZ to &id pathway 2
SOz 1 -164.58 -148.85 -154.01 -98.88
TScid 2 -38.71 -39.84 -43.17 8.09
Cacid 2 -496.42 -488.05 -485.39 -459.81
SOZ to &id pathway 3
SOz 1 -159.88 -143.95 -149.04 -94.15
TScid 3 -38.10 -42.54 -44.69 3.51
Cacid 1 -523.27 -512.07 -511.27 -474.88
SQ+FAcon1 -447.56 -444.39 -448.56 -397.19
23 & 24 sCl 3 + SQ Cycloaddition 1
PRC 1 -25.32 -21.41 -19.94 19.83
TSyl -22.24 -17.56 -19.25 31.05
SOz 1 -167.41 -154.97 -158.68 -103.21
sCl 3 + SQ Cycloaddition 2
PRC 2 -22.93 -19.35 -17.58 19.99
TSyc2 -22.44 -18.26 -19.50 28.79
S0z 2 -182.52 -169.97 -173.88 -117.93
SOZ interconversion
SOz 1 -167.41 -154.97 -158.68 -103.21
TSozl -158.48 -147.23 -152.55 -93.32
S0Z3 -175.58 -162.78 -166.61 -110.95
SOZ interconversion
S0Z?2 -182.52 -169.97 -173.88 -117.93
TSoz2 -164.88 -153.08 -158.54 -99.10
S0z4 -168.13 -155.49 -159.08 -103.90
SOZ to €n pathway 1
S0Z3 -175.58 -162.78 -166.61 -110.95
TSal -102.70 -96.16 -99.88 -44.28
Gal -376.65 -368.24 -367.24 -328.61
CRCHO + SO -345.00 -340.98 -341.64 -343.99

SOZ to €n pathway 2
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S0z 2 -182.52 -169.97 -173.88 -117.93
TSq?2 -102.70 -96.16 -99.88 -44.28
Gsal -376.65 -368.24 -367.24 -328.61
SOZ to &idpathway 1
SOz 1 -167.41 -154.97 -158.68 -103.21
TScid 1 -24.22 -28.27 -29.89 20.72
Cacid 2 -503.48 -496.08 -492.63 -472.03
SQ + TFA con 2 -490.02 -484.35 -484.35 -486.57
SOZ to &id pathway 2
SOz 2 -182.52 -169.97 -173.88 -117.93
TScid 2 -51.12 -54.28 -56.40 -4.50
Cacid 3 -504.21 -496.76 -493.37 -472.07
SOZ to &id pathway 3
SOz 2 -182.52 -169.97 -173.88 -117.93
TScid 3 -48.54 -54.58 -55.50 -7.46
Cacid 3 -504.21 -496.76 -493.37 -472.07
SOZ to &id pathway 4
SOz 1 -167.41 -154.97 -158.68 -103.21
TScid4 -27.66 -33.91 -34.58 12.63
Cacid 1 -528.65 -520.00 -517.52 -488.76
SQ+ TFAcon 1 -503.26 -497.58 -497.56 -499.29
SOZ to Gterpathway 1
S0Z3 -175.58 -162.78 -166.61 -110.95
TSster 1 -11.45 -11.06 -11.57 35.51
Gester 1 -509.50 -502.18 -499.90 -467.54
SQ + CEOCFO -491.39 -486.85 -487.23 -486.48
SOZ to Gter pathway 2
S0z4 -168.13 -155.49 -159.08 -103.90
TSster 2 5.96 5.63 5.37 48.87
Cester 1 -509.50 -502.18 -499.90 -467.54
25 & 26 SOZ interconversion
SOz 1 -203.93 -193.02 -196.79 -140.53
TSoz1 -196.71 -187.24 -192.42 -134.96
S0OZ3 -226.47 -215.04 -219.25 -161.44
SOZ interconversion
S0OZ?2 -215.60 -204.39 -208.40 -151.49
TSoz2 -210.99 -200.86 -206.57 -145.35
S0z4 -211.13 -200.27 -203.99 -147.93
SOZ to €n pathway 1
S0z 2 -215.60 -204.39 -208.40 -151.49
TSal -117.49 -112.23 -115.98 -60.87
Gal -443.42 -434.24 -432.59 -402.54
CRCHO + SO -424.10 -417.15 -418.64 -420.10
SOZ to €n pathway 2
S0OZ3 -226.47 -215.04 -219.25 -161.44
TSa?2 -157.94 -152.16 -156.41 -98.42
Gsq 2 -443.42 -434.24 -432.59 -402.54
SOZ to € pathway 3
S0z4 -211.13 -200.27 -203.99 -147.93
TSa3 -134.70 -129.54 -133.57 -76.21
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Gsa 3 | 44342 | -43424 | -43259 -402.54
SOZ to Giterpathway 1

S0z 2 -215.60 -204.39 -208.40 -151.49

TSster1 -85.28 -83.91 -85.02 -35.78

Cester 1 -561.50 -553.32 -550.70 -531.54

SQ + CEOCHO -550.95 -544.10 -545.28 -543.71

SOZ to Gter pathway 2

S0z1 -203.93 -193.02 -196.79 -140.53

TSster2 -69.69 -69.29 -69.92 -24.46

Cester 2 -561.72 -553.43 -550.90 -529.31

Table S131: sCFHNGr el ati ve ener-moiest (@eklrecteed ener gpfs@tlPE) ,
Gi bbs free sgmdunitgikensol Y G
#sCl Stationary Point no n %t 9 N bes.is N Psis

1 PRC -58.97 -54.38 -54.44 -11.56
TS -48.34 -48.32 -51.29 -1.74
Pr -192.76 -179.86 -181.93 -132.29
23 PRC -39.46 -35.47 -33.82 2.60
TS -28.94 -29.05 -31.33 22.38
Pr -205.61 -196.26 -196.60 -147.26
24 PRC -47.09 -42.96 -42.10 0.50
TS -34.54 -35.92 -38.21 14.08
Pr -200.32 -190.26 -191.08 -139.84
25 PRC -60.66 -56.31 -55.35 -13.31
TS -59.30 -57.16 -59.45 -5.41
Pr -220.67 -213.94 -214.08 -164.68
26 PRC -60.27 -56.03 -55.16 -11.62
TS -49.84 -52.49 -54.68 -0.74
Pr -209.83 -203.44 -203.90 -152.16

Table S132: sCI-T F A

rel ative

engoignttscdreEdct edr ®ner gy{s)adBiBYs,

free en e pegs [Enids=k( maG]
#sCl Stationary Point no n %t 9 N lgs.as N Dsas
1 PRC -45.19 -41.91 -40.16 -5.73
Pr -194.67 -180.21 -182.57 -130.73
23 PRC -33.09 -30.30 -27.81 5.36
Pr -195.66 -184.09 -185.55 -130.37
24 PRC -34.83 -31.94 -29.55 173.58
Pr -204.27 -192.57 -193.93 -138.83
25 PRC -41.65 -38.73 -36.27 -2.79
Pr -224.07 -214.23 -215.92 -158.97
26 PRC -40.48 -37.60 -35.19 0.04
Pr -216.16 -207.43 -208.82 -153.23

Table S133:sCHH F

rel ative

en@rodgings c(oaE)e,ctzar @ ner go¥{s)ad BiBDs,
free ener gi B8 [upite®I mol ]

#sCl

Stationary Point

no

n %t 9

N los.is

N s.is

1

PRC

-49.75

-39.94

-43.70

-8.23
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TS -5.74 -1.52 -8.35 35.32
Pr -198.52 -178.46 -183.89 -142.94
23 PRC -34.78 -26.13 -28.54 3.90
TS 20.19 22.62 16.53 61.77
Pr -209.51 -192.00 -196.73 -154.41
24 PRC -40.17 -30.95 -34.22 2.10
TS 5.75 8.86 2.69 47.20
Pr -211.14 -192.83 -197.92 -153.99
25 PRC -37.88 -29.10 -32.14 4.34
TS -21.37 -16.75 -23.08 23.14
Pr -251.93 -235.33 -240.46 -197.01
26 PRC -42.30 -33.68 -36.44 -1.35
TS -7.91 -4.96 -11.10 34.41
Pr -244.40 -228.59 -233.72 -188.66
Table S134:sCHH C | relative enpaigntescdraaEdct ek rener gl adBBhs,
free en e jpgs [ends=k( mob]
#sCl Stationary Point no n %t 9 N lgs.1s N Dsas
1 PRC -31.56 -25.70 -28.93 7.08
TS -30.45 -25.83 -31.26 10.50
Pr -202.76 -180.51 -185.15 -144.07
23 PRC -23.31 -17.26 -18.64 12.23
TS 3.34 6.03 1.41 44.79
Pr -213.79 -194.13 -197.86 -154.89
24 PRC -25.24 -19.12 -21.40 14.04
TS -15.75 -13.43 -18.13 24.28
Pr -213.84 -193.33 -197.47 -152.83
25 PRC -27.68 -21.39 -22.89 7.87
TS -24.08 -19.06 -23.84 20.19
Pr -231.78 -213.42 -217.41 -172.92
26 PRC -28.93 -22.96 -24.70 9.23
TS -18.59 -16.50 -21.07 22.66
Pr -225.22 -207.62 -211.63 -165.72
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Table S135:sCFH,S

rel ative

e nepagii rets

c(cegEr) e c tzeed oe n e r gy {s) @& BiBYs ,

free en e peds [enis=k( @G’

#sCl Stationary Point no n %t 9 N bes.is N Psis

1 PRC1 -20.13 -13.92 -14.65 19.13
TS1 -2.57 4.26 -1.18 44.84
Pri1 -210.81 -188.36 -192.97 -148.26
PRC2 -19.88 -13.71 -14.42 19.32
TS2 -2.20 4.61 -0.87 45.24
Pr2 -209.59 -187.39 -191.75 -147.66

23 PRC1 -13.67 -9.89 -8.34 16.54
TS1 2.81 9.95 5.34 53.07
Pri1 -226.11 -205.92 -209.55 -163.12
PRC2 -11.88 -7.98 -6.42 16.71
TS2 5.08 11.86 7.37 54.74
Pr2 -229.42 -209.23 -212.81 -166.63

24 PRC1 -11.12 -6.04 -5.77 26.67
TS1 -5.20 1.73 -3.10 44.82
Pri1 -228.05 -207.02 -211.14 -162.81
PRC2 -9.33 -4.25 -3.99 28.53
TS2 -3.89 3.00 -1.86 46.19
Pr2 -222.85 -202.41 -206.02 -159.23

25 PRC1 -19.79 -15.27 -14.27 14.87
TS1 -15.76 -9.16 -12.98 33.07
Pri -240.02 -221.25 -225.09 -177.10
PRC2 -19.28 -14.83 -13.77 14.75
TS2 -13.31 -6.89 -10.74 35.32
Pr2 -238.68 -220.07 -223.56 -177.03

26 PRC1 -23.07 -18.27 -17.64 14.81
TS1 -7.06 -1.01 -5.53 43.20
Pri -236.10 -218.41 -222.02 -173.29
PRC2 -23.07 -18.31 -17.65 14.84
TS2 -6.51 -0.41 -4.94 43.97
Pr2 -235.98 -218.50 -221.90 -174.09
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Table S136:sCIH,O

rel ative

enepaiirts @Electzed oener gs{s)adBiBDs,

free en e pgds [Eniss=k( oG]

#sCl Stationary Point no n %t 9 N lesis N sis

1 PRC -33.45 -25.23 -26.71 2.98
TS1 3.66 14.28 6.75 54.28
Pri1 -198.40 -177.58 -183.33 -139.24
TS2 7.30 17.54 9.95 57.61
Pr2 -197.78 -177.21 -182.69 -139.24

23 PRC -20.02 -13.83 -13.66 10.42
TS1 16.17 25.70 19.17 67.37
Pri1 -216.28 -198.27 -203.24 -157.68
TS2 14.94 24.60 18.00 65.52
Pr2 -210.94 -194.29 -198.52 -155.45

24 PRC -29.63 -22.29 -23.22 7.38
TS1 1.92 12.20 5.33 54.25
Pri1 -220.98 -201.72 -207.21 -159.98
TS2 4.56 14.62 7.62 57.37
Pr2 -216.01 -197.85 -202.59 -157.32

25 PRC1 -29.54 -22.47 -23.08 8.91
TS1 -23.47 -13.40 -19.82 28.92
Prl -262.27 -245.71 -250.98 -204.25
PRC2 -31.47 -24.20 -25.02 7.81
TS2 -23.25 -13.34 -19.86 28.12
Pr2 -262.26 -245.48 -250.81 -204.05

26 PRC -34.39 -26.80 -27.95 7.40
TS1 -15.50 -5.89 -12.48 36.97
Pri -248.73 -233.05 -238.13 -190.76
TS2 -17.18 -1.47 -14.07 35.93
Pr2 -257.20 -241.56 -246.67 -198.96
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Table S137:sCF(H,O:r el at i ve

energoiest (ek&nr ectee @

ener gsf{s)@EPE) ,

Gi bbs free sgmdunigikenol Y G

#sCl Stationary Point &eE ®&ZPE & Hosg.15 & (8.15
PRC1.1 -49.94 -39.05 -42.86 6.35
TS1.1 -37.08 -26.33 -36.42 27.73

Pri.1 -209.63 -187.13 -193.79 -136.65

AAAH con 1 + H,O -178.18 -166.33 -170.00 -151.72
PRC1.2 -49.71 -39.63 -42.97 5.58
TS1.2 -31.89 -22.56 -32.71 31.77

Pr1.2 -212.35 -190.79 -196.74 -140.82

1 AAAH con 2 + H,O -177.56 -165.96 -169.36 -151.71
PRC1.3 -52.02 -40.84 -44.84 5.83
TS1.3 -37.47 -27.17 -37.34 27.30

Pr1.3 -215.73 -193.17 -199.71 -142.41

AAAH con 2 + H,O -177.56 -165.96 -169.36 -151.71
PRC1.4 -50.89 -39.70 -43.73 6.71
TS1.4 -38.06 -27.03 -37.10 27.20

Pri.4 -211.93 -189.14 -195.99 -138.25

AAAH con 1 + H,0O -178.18 -166.33 -170.00 -151.72
PRC1.1 -44.07 -34.62 -37.44 14.41
TS1.1 -33.71 -24.33 -33.38 32.85

Pri.1 -225.49 -207.53 -212.46 -155.75

AAAH con 2 + H,O -190.73 -183.04 -185.19 -167.93
PRC1.2 -45.59 -35.42 -38.62 14.50
TS1.2 -37.16 -27.10 -36.10 30.21

Pr1.2 -227.04 -208.90 -213.81 -157.22

23 AAAH con 2 + H,O -190.73 -183.04 -185.19 -167.93
PRC1.3 -41.52 -32.45 -34.99 16.62
TS1.3 -32.06 -21.91 -30.89 35.88

Pri.3 -225.79 -207.51 -212.36 -155.73

AAAH con 1 + H,0O -196.06 -187.02 -189.91 -170.15
PRC1.4 -42.99 -33.27 -36.24 16.42
TS1.4 -35.14 -24.60 -33.56 33.19

Pri.4 -230.34 -211.42 -216.72 -158.84

AAAH con 1 + H,0O -196.06 -187.02 -189.91 -170.15
PRC1.1 -45.80 -36.24 -39.29 12.94
TS1.1 -39.81 -29.91 -39.16 28.14

Pri.1 -230.20 -211.29 -216.65 -157.80

AAAH con 2 + HO -195.79 -186.60 -189.25 -169.79
PRC1.2 -47.90 -37.15 -40.95 13.39
TS1.2 -44.92 -34.20 -43.41 23.91

Pri.2 -234.30 -214.87 -220.32 -162.09

o4 AAAH con 2 + HO -195.79 -186.60 -189.25 -169.79
PRC1.3 -46.58 -36.49 -39.81 11.81
TS1.3 -42.62 -31.73 -40.88 25.82

Pri.3 -232.92 -212.74 -218.65 -158.95

AAAH con 2 + HO -200.76 -190.47 -193.88 -172.45
PRC1.4 -47.44 -37.11 -40.58 12.03
TS1.4 -43.44 -32.44 -41.56 25.24

Pri.4 -234.79 -214.44 -220.45 -160.33

AAAH con 2 + HO -200.76 -190.47 -193.88 -172.45
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25 PRC1.1 -65.71 -54.79 -58.92 -2.60
TS1.1 -67.51 -57.30 -66.16 0.80
Pri.1 -278.44 -261.06 -266.52 -208.19
AAAH con 2 + H,O -242.05 -234.23 -237.48 -216.53
PRC1.2 -67.94 -56.28 -60.84 -3.29
TS1.2 -70.81 -59.93 -68.72 -1.75
Pr1.2 -278.44 -261.06 -266.52 -208.19
AAAH con 2 + H,O -242.05 -234.23 -237.48 -216.53
PRC1.3 -65.12 -53.83 -58.33 -0.73
TS1.3 -69.10 -58.00 -66.66 0.38
Pri.3 -283.44 -266.55 -271.62 -214.61
AAAH con 1 + H,O -242.05 -234.46 -237.64 -216.72
PRC1.4 -66.14 -54.49 -59.28 -1.08
TS1.4 -70.78 -59.46 -68.03 -1.22
Pri.4 -283.44 -266.55 -271.62 -214.61
AAAH con 1 + HO -242.05 -234.46 -237.64 -216.72

26 PRC1.1 -62.87 -53.00 -56.31 -2.06
TS1.1 -60.67 -51.06 -59.89 7.37
Pri.1 -271.27 -255.42 -260.48 -201.38
AAAH con 2 + HO -236.98 -230.31 -233.34 -211.43
PRC1.2 -65.55 -54.87 -58.65 -2.92
TS1.2 -64.48 -54.26 -63.06 4.42
Pr1.2 -273.87 -257.64 -262.87 -203.30
AAAH con 2 + HO -236.98 -230.31 -233.34 -211.43
PRC1.3 -62.79 -52.60 -55.99 -2.37
TS1.3 -59.52 -50.09 -59.06 8.25
Prl.3 -271.91 -255.94 -260.97 -202.54
AAAH con 1 + HO -228.51 -221.80 -224.80 -203.23
PRC1.4 -61.51 -51.64 -54.83 -2.24
TS1.4 -57.37 -48.45 -57.53 10.05
Pr1.3 -271.91 -255.94 -260.97 -202.54
AAAH con 1 + HO -228.51 -221.80 -224.80 -203.23
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Table 138: sCI-Me OH

rel ative

enpoigntesc qraaEg gt edc ren e r g ) adl BiEDs ,

free en e pgds [Eniss=k( oG]

#sCl Stationary Point no n %t 9 N bes.is N Psis

1 PRC -34.19 -28.02 -27.75 7.54
TS1 -12.01 -3.82 -8.37 42.59
Con1 -214.74 -199.05 -202.39 -153.88
TS2 -7.16 0.10 -4.34 46.06
Con 2 -205.71 -190.64 -193.87 -146.25

23 PRC 1 -20.14 -16.11 -14.10 12.20
TS1 -0.87 5.80 2.56 54.13
Prl -234.32 -221.49 -223.71 -173.78
TS2 6.00 11.67 8.27 60.32

24 PRC -31.11 -25.71 -24.89 11.75
TS1 -16.83 -9.41 -13.27 39.95
Prl -229.68 -215.37 -218.26 -165.47
TS2 -12.45 -5.49 -9.13 43.38
Pr2 -230.78 -216.98 -219.65 -168.36

25 PRC1 -30.26 -25.74 -24.07 8.00
TS1 N/A N/A N/A N/A
Pri -278.79 -266.92 -269.31 -218.19
PRC2 -35.73 -30.11 -29.29 7.75
TS2 -33.98 -27.30 -30.75 22.32
Pr2 -274.66 -262.01 -264.94 -212.13

26 PRC -35.99 -30.77 -29.72 7.83
TS1 -32.60 -26.18 -29.59 23.81
Pri -258.18 -247.21 -249.63 -197.29
PRC2 -36.93 -31.82 -30.73 6.91
TS2 -32.73 -26.39 -29.66 23.37
Pr2 -267.52 -256.12 -258.66 -206.58
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3.5 Dipole -Dipole Capture ( kd-4) and Collision Limit ( kcor) Values

To calculate to d ipole-dipole capture (kg.q) and collision limit ( kcow) values the following

details on each reactant is required:

Table 139: Reactants Dipole moments (* , Debye), mass (& , amu), radii ( i, A) and C-O-O bond ratios

Dipole Moment Mass radii C=00 Bond

Reactant (H,, Debye) (@, amu) (» A) Ratio

sCl 1 4.3104 46.005 3.209 1.078

sCl 23 3.4822 113.993 4.082 1.064

sCl 24 2.5055 113.993 4,418 1.071

sCl 25 3.016 131.983 4.099 1.114

sCl 26 2.9299 131.983 4.447 1.101
HCHO 2.3887 30.011 2.017 N/A
HNO; 2.2588 62.996 2.938 N/A
SO 1.8065 63.962 2.491 N/A
CECOOH 2.2289 113.993 4,237 N/A
HCI 1.1157 35.977 1.284 N/A
HO 1.8472 18.011 1.536 N/A
(HOY 2.631 36.021 3.911 N/A
HS 0.9902 33.988 1.944 N/A
HF 1.8124 20.006 0.924 N/A
MeOH 1.6556 32.026 2.829 N/A
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3.5.1 Gascollision limit  (kcovl)

Table 140: The Gas-Collision Limits for all HFO -sCl reactions in this thesis at a variety of temperatures.

Reaction Collision Limit (10 -0 cm® s1)
T (K) 200 275 298.15 325 400
sCl 1+ HCHO 1.04 1.21 1.26 1.32 1.46
sCl 1 +HNQ 1.18 1.39 1.45 1.51 1.67
sCl1+SQ 1.02 1.19 1.24 1.29 1.44
sCl 1 +CRCOOH 1.57 1.84 1.91 2.00 2.21
sCl 1 +HCI 0.73 0.85 0.89 0.93 1.03
sCl 1+ H,0O 1.01 1.19 1.23 1.29 1.43
sCl 1 + H,0) 1.82 2.14 2.23 2.32 2.58
sCl 1 +H,S 0.97 1.14 1.19 1.24 1.37
sCl 1 +HF 0.74 0.87 0.90 0.94 1.05
sCl 1 +MeOH 1.36 1.59 1.66 1.73 1.92
sCl 1 + CECHO 1.24 1.46 1.52 1.58 1.76
sCl 1 + CECFO 1.27 1.49 1.55 1.62 1.80
sCl 23+ HCHO 1.23 1.45 1.51 1.57 1.74
sCl 23+ HNQ 1.25 1.47 1.53 1.59 1.77
sCl 23+ SQ 1.09 1.28 1.33 1.39 1.54
sCl 23+ CERCOOH 1.48 1.74 1.81 1.89 2.10
sCl 23+ HCI 0.89 1.04 1.09 1.13 1.26
sCl 23+ H,O 1.29 1.52 1.58 1.65 1.83
sCl 23+ (H,O) 1.97 2.31 2.41 2.52 2.79
sCl 23+ H,S 1.15 1.34 1.40 1.46 1.62
sCl 23+ HF 0.98 1.15 1.20 1.25 1.39
sCl 23+ MeOH 1.54 1.81 1.88 1.97 2.18
sCl 24+ HCHO 1.37 1.61 1.68 1.75 1.94
sCl 24+ HNQ 1.37 1.61 1.68 1.75 1.94
sCl 24+ SQ 1.21 141 1.47 1.54 1.70
sCl 24+ CECOOH 1.60 1.88 1.96 2.04 2.27
sCl 24+ HCI 1.00 1.18 1.23 1.28 1.42
sCl 24+ H0O 1.45 1.70 1.77 1.85 2.05
sCl 24+ (H,O) 2.14 2.51 2.62 2.73 3.03
sCl 24+ H,S 1.28 1.50 1.56 1.63 1.81
sCl 24+ HF 1.12 1.31 1.36 1.43 1.58
sCl 24+ MeOH 1.70 1.99 2.07 2.16 2.40
sCl 25+ HCHO 1.22 1.43 1.49 1.56 1.73
sCl 25+ HNQ 1.23 1.44 1.50 1.56 1.73
sCl 25+ SQ 1.07 1.25 1.31 1.36 1.51
sCl 25+ CRCOOH 1.44 1.68 1.75 1.83 2.03
sCl 25+ HCI 0.88 1.03 1.08 1.12 1.25
sCl 25+ H,O 1.29 1.51 1.57 1.64 1.82
sCl 25+ (H.O) 1.95 2.29 2.38 2.48 2.76
sCl 25+ H,S 1.14 1.33 1.39 1.45 1.61
sCl 25+ HF 0.98 1.15 1.19 1.25 1.38
sCl 25+ MeOH 1.53 1.79 1.87 1.95 2.16
sCl 26+ HCHO 1.37 1.60 1.67 1.74 1.93
sCl 26+ HNQ 1.35 1.58 1.65 1.72 1.91
sCl 26+ SQ 1.19 1.39 1.45 1.51 1.68
sCl 26+ CECOOH 1.56 1.83 1.90 1.99 2.20
sCl 26+ HCI 1.00 1.17 1.22 1.27 1.41
sCl 26+ H,O 1.45 1.70 1.77 1.85 2.06
sCl 26+ (H.O) 2.12 2.49 2.59 2.71 3.00
sCl 26+ H,S 1.27 1.49 1.55 1.62 1.80
sCl 26+ HF 1.12 1.31 1.37 1.43 1.58
sCl 26+ MeOH 1.69 1.98 2.06 2.15 2.38
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3.5.2 Isotropic Dipole -Dipole Capture Limit

Table 141: The Isotropic Dipole-Dipole Capture Limit for all sCI + alcohol reactions in this thesis at a variety

of temperatures.

Reaction Isotropic Dipole -Dipole Capture Limit (10 *° ¢cm?® s?)
T (K) 200 275 298.15 325 400
sCl 1+ HCHO 11.34 10.75 10.61 10.45 10.10
sCl 1 +HNQ 9.03 8.56 8.45 8.32 8.04
sCl 1 +SQ 7.75 7.35 7.25 7.15 6.91
sCl 1 +CRCOOH 8.06 7.64 7.54 7.43 7.18
sCl 1 +HCI 6.47 6.14 6.06 5.97 5.77
sCIl 1+ H:0 11.31 10.73 10.58 10.43 10.08
sCl 1 + H0) 11.46 10.87 10.73 10.57 10.21
sCl 1 +H:S 6.07 5.76 5.68 5.60 5.41
sCl 1 +HF 10.76 10.21 10.07 9.93 9.59
sCl 1 +MeOH 8.71 8.26 8.15 8.03 7.76
sCl 1+ CRCHO 6.95 6.59 6.50 6.41 6.19
sCl 1 + CECFO 3.57 3.38 3.34 3.29 3.18
sCl 23+ HCHO 8.60 8.15 8.04 7.93 7.66
sCl 23+ HNQ 6.34 6.01 5.93 5.85 5.65
sCl 23+ SQ 5.43 5.15 5.08 5.01 4.84
sCl 23+ CRCOOH 5.30 5.03 4.96 4.89 4.72
sCl 23+ HCI 4.82 4.57 4.51 4.45 4.30
sCl 23+ HO 8.95 8.49 8.38 8.26 7.98
sCl 23+ (H.0) 8.54 8.10 7.99 7.88 7.61
sCl 23+ H:S 4.55 4.32 4.26 4.20 4.06
sCl 23+ HF 8.45 8.01 7.91 7.79 7.53
sCl 23+ MeOH 6.56 6.22 6.14 6.05 5.85
sCl 24+ HCHO 6.90 6.55 6.46 6.37 6.15
sCl 24+ HNQ 5.09 4.83 4.76 4.69 4.53
sCl 24+ SQ 4.36 4.14 4.08 4.02 3.89
sCl 24+ CECOOH 4.26 4.04 3.98 3.93 3.79
sCl 24+ HCI 3.87 3.67 3.62 3.57 3.45
sCl 24+ H,0O 7.19 6.82 6.73 6.63 6.40
SCI 24+ (HO) 6.86 6.50 6.42 6.33 6.11
sCl 24+ H.S 3.66 3.47 3.42 3.37 3.26
sCl 24+ HF 6.79 6.43 6.35 6.26 6.04
sCl 24+ MeOH 5.27 5.00 4.93 4.86 4.70
sCl 25+ HCHO 7.70 7.30 7.20 7.10 6.86
sCl 25+ HNQ 5.62 5.33 5.26 5.18 5.00
sCl 25+ SQ 4.82 4.57 4.51 4.44 4.29
sCl 25+ CECOOH 4.65 4.41 4.35 4.29 4.14
sCl 25+ HCI 4.31 4.09 4.03 3.98 3.84
sCl 25+ H,0O 8.06 7.64 7.54 7.43 7.18
sCI 25+ (H.0) 7.63 7.24 7.14 7.04 6.80
sCl 25+ H:S 4.07 3.86 3.81 3.76 3.63
sCl 25+ HF 7.60 7.21 7.11 7.01 6.77
sCl 25+ MeOH 5.87 5.57 5.50 5.42 5.23
sCl 26+ HCHO 7.55 7.16 7.07 6.97 6.73
sCl 26+ HNQ 5.51 5.23 5.16 5.08 4.91
sCl 26+ SQ 4.72 4.48 4.42 4.36 4.21
sCl 26+ CRCOOH 4.56 4.32 4.27 4.21 4.06
sCl 26+ HCI 4.23 4.01 3.96 3.90 3.77
sCl 26+ H.O 7.90 7.50 7.40 7.29 7.04
sCl 26+ (H:0) 7.49 7.10 7.01 6.91 6.67
sCl 26+ H.S 3.99 3.79 3.74 3.68 3.56
sCl 26+ HF 7.45 7.07 6.97 6.87 6.64
sCl 26+ MeOH 5.76 5.46 5.39 5.31 5.13
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3.5.3 Adiabatic Anisotropic Dipole -Dipole Capture Limit

Table 142: The Adiabatic Anisotropic Dipole-Dipole Capture Limit for all sCI + alcohol reactions in this thesis

at a variety of temperatures.

Reaction Adiabatic anisotropic Dipole -Dipole Capture Limit (10 -1° cm?® s?)
T (K) 200 275 298.15 325 400
sCl 1 + HCHO 7.45 7.06 6.97 6.87 6.63
sCl 1 +HNQ 5.93 5.62 5.55 5.47 5.28
sCl1+SQ 5.09 4.83 4.76 4.70 4.54
sCl 1 +CECOOH 5.29 5.02 4.95 4.88 4.72
sCl 1 +HCI 4.25 4.03 3.98 3.92 3.79
sCl 1+ H,O 7.43 7.05 6.95 6.85 6.62
sCl 1+ (H,O), 7.53 7.14 7.05 6.94 6.71
sCl 1 +H,S 3.99 3.78 3.73 3.68 3.56
sCl 1 +HF 7.07 6.70 6.61 6.52 6.30
sCl 1 +MeOH 5.72 5.42 5.35 5.27 5.10
sCl 1 + CECHO 4.57 4.33 4.27 4.21 4.07
sCl 1 + CECFO 2.34 2.22 2.19 2.16 2.09
sCl 23+ HCHO 5.65 5.36 5.28 5.21 5.03
sCl 23+ HNQ 4.16 3.95 3.90 3.84 3.71
sCl 23+ SQ 3.57 3.39 3.34 3.29 3.18
sCl 23+ CECOOH 3.48 3.30 3.26 3.21 3.10
sCl 23+ HCI 3.17 3.00 2.96 2.92 2.82
sCl 23+ HO 5.88 5.58 5.50 5.42 5.24
sCI 23+ (H,0) 5.61 5.32 5.25 5.18 5.00
sCl 23+ H,S 2.99 2.84 2.80 2.76 2.66
sCl 23+ HF 5.55 5.26 5.19 5.12 4.94
sCl 23+ MeOH 4.31 4.09 4.03 3.98 3.84
sCl 24+ HCHO 4.53 4.30 4.24 4.18 4.04
sCl 24+ HNQ 3.34 3.17 3.13 3.08 2.98
sCl 24+ SQ 2.87 2.72 2.68 2.64 2.55
sCl 24+ CERCOOH 2.80 2.65 2.62 2.58 2.49
sCl 24+ HCI 2.54 241 2.38 2.35 2.27
sCl 24+ H,O 4.72 4.48 4.42 4.35 4.21
sCl 24+ (H,O) 4,51 4.27 4.22 4.16 4.01
sCl 24+ H,S 2.40 2.28 2.25 2.21 2.14
sCl 24+ HF 4.46 4.23 4.17 4.11 3.97
sCl 24+ MeOH 3.46 3.28 3.24 3.19 3.08
sCl 25+ HCHO 5.06 4.80 4.73 4.66 451
sCl 25+ HNGQ 3.69 3.50 3.45 3.40 3.29
sCl 25+ SQ 3.16 3.00 2.96 2.92 2.82
sCl 25+ CRCOOH 3.05 2.90 2.86 2.82 2.72
sCIl 25+ HCI 2.83 2.69 2.65 2.61 2.52
sCl 25+ H,O 5.29 5.02 4.95 4.88 4.72
sCl 25+ (H,O) 5.01 4.76 4.69 4.62 4.47
sCl 25+ H,S 2.67 2.54 2.50 2.47 2.38
sCl 25+ HF 4.99 4.73 4.67 4.60 4.45
sCl 25+ MeOH 3.86 3.66 3.61 3.56 3.44
sCl 26+ HCHO 4.96 4.70 4.64 4,58 4.42
sCl 26+ HNG 3.62 3.43 3.39 3.34 3.22
sCl26 + SQ 3.10 2.94 2.90 2.86 2.76
sCl 26+ CRCOOH 3.00 2.84 2.80 2.76 2.67
sCl 26+ HCI 2.78 2.63 2.60 2.56 2.47
sCl 26+ H,O 5.19 4,92 4.86 4.79 4.63
sCl 26+ (HO) 4.92 4.66 4.60 4.54 4.38
sCl 26+ H,S 2.62 2.49 2.45 2.42 2.34
sCl 26+ HF 4.90 4.64 4.58 4,52 4.36
sCl 26+ MeOH 3.78 3.59 3.54 3.49 3.37
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3.5.3 Non-Adiabatic Anisotropic Dipole -Dipole Capture Limit

Table 143: The Non-Adiabatic Anisotropic Dipole-Dipole Capture Limit for all sCI + alcohol reactions in this thesis

at a variety of temperatures.

Reaction Non-adiabatic anisotropic Dipole -Dipole Capture Limit (10 1° cm® s?)
T (K) 200 275 298.15 325 400
sCl 1+ HCHO 5.43 5.15 5.08 5.00 4.83
sCl 1 +HNQ 4.32 4.10 4.04 3.98 3.85
sCl 1 +SQ 3.71 3.52 3.47 3.42 3.31
sCl 1 +CRCOOH 3.86 3.66 3.61 3.56 3.44
sCl 1 +HCI 3.10 2.94 2.90 2.86 2.76
sCIl 1+ H:0 5.42 5.14 5.07 4.99 4.82
sCl 1 + H0) 5.49 5.20 5.13 5.06 4.89
sCl 1 +H:S 291 2.76 2.72 2.68 2.59
sCl 1 +HF 5.15 4.89 4.82 4.75 4.59
sCl 1 +MeOH 4.17 3.95 3.90 3.84 3.71
sCl 1+ CECHO 3.33 3.16 3.11 3.07 2.96
sCl 1 + CECFO 1.71 1.62 1.60 1.57 1.52
sCl 23+ HCHO 412 3.90 3.85 3.80 3.67
sCl 23+ HNQ 3.03 2.88 2.84 2.80 2.70
sCl 23+ SQ 2.60 2.47 2.43 2.40 2.32
sCl 23+ CRCOOH 2.54 2.41 2.37 2.34 2.26
sCl 23+ HCI 2.31 2.19 2.16 2.13 2.06
sCl 23+ HO 4.29 4.06 4.01 3.95 3.82
sCl 23+ (H.0p 4.09 3.88 3.83 3.77 3.64
sCl 23+ H:S 2.18 2.07 2.04 2.01 1.94
sCl 23+ HF 4.04 3.84 3.78 3.73 3.60
sCl 23+ MeOH 3.14 2.98 2.94 2.90 2.80
sCl 24+ HCHO 3.30 3.13 3.09 3.05 2.94
sCl 24+ HNQ 2.44 2.31 2.28 2.25 2.17
sCl 24+ SQ 2.09 1.98 1.95 1.93 1.86
sCl 24+ CECOOH 2.04 1.93 1.91 1.88 1.81
sCl 24+ HCI 1.85 1.76 1.73 1.71 1.65
sCl 24+ H.0O 3.44 3.26 3.22 3.17 3.07
sCI 24+ (H.0O) 3.28 3.11 3.07 3.03 2.93
sCl 24+ H.S 1.75 1.66 1.64 1.61 1.56
sCl 24+ HF 3.25 3.08 3.04 3.00 2.89
sCl 24+ MeOH 2.52 2.39 2.36 2.33 2.25
sCl 25+ HCHO 3.69 3.50 3.45 3.40 3.28
sCl 25+ HNQ 2.69 2.55 2.52 2.48 2.40
sCl 25+ SQ 2.30 2.19 2.16 2.13 2.05
sCl 25+ CECOOH 2.23 2.11 2.08 2.05 1.98
sCl 25+ HCI 2.06 1.96 1.93 1.90 1.84
sCl 25+ HO 3.86 3.66 3.61 3.56 3.44
sCI 25+ (H.0) 3.65 3.47 3.42 3.37 3.26
sCl 25+ H,S 1.95 1.85 1.82 1.80 1.74
sCl 25+ HF 3.64 3.45 3.40 3.35 3.24
sCl 25+ MeOH 2.81 2.67 2.63 2.59 2.51
sCl 26+ HCHO 3.62 3.43 3.38 3.33 3.22
sCl 26+ HNQ 2.64 2.50 2.47 2.43 2.35
sCl 26+ SQ 2.26 2.14 2.12 2.09 2.01
sCl 26+ CRCOOH 2.18 2.07 2.04 2.01 1.94
sCl 26+ HCI 2.02 1.92 1.89 1.87 1.80
sCl 26+ H:O 3.78 3.59 3.54 3.49 3.37
sCl 26+ (H.0p 3.58 3.40 3.35 3.31 3.19
sCl 26+ H.S 1.91 1.81 1.79 1.76 1.70
sCl 26+ HF 3.57 3.38 3.34 3.29 3.18
sCl 26+ MeOH 2.76 2.62 2.58 2.54 2.46
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3.6 sCIl 23 & 24 + HCI Comparative Literature Analysis

In a Cabezaset Endo study, a computational analysis of the potential energy surface of

the syn- & anti -CHCHOO+ HCl reactions, which is the closest analogous reaction to sCls
23 & 24 + HCI(syn- & anti -CRCHOO+ HCI). The lack of hyperconjugation usually provided
by the WH atoms in a -CH; group means that sCl24 + HClproduced a higher TS barrier (-
13.4 kJ mol™) than the barrierless that anti-CHCHOO + HClI reaction The syn-CHCHOO+
HCI, following trends in the literature is less reactive than produces its anti equivalent,
producing a barrier (-39.1 kJ mol™). Contrary to the usual trend in this chapter, the sO 23
+ HCl reaction in this chapter has a higher energy barrier (6.0 kJ mol ) than that of syn-
CHCHOO+ HCI energy barrier. But the Cabezaset Endo study uses a different less
exhaustive approach (CCSD/augcc-pVTZ) compared to the work in this chapter, so it

would require a more intense comparative analysis of these methods or may require
experimental analysis to determine the true reactivityorder. T o t he aut hor s know
there are no other experimental or theoretical data to this work on  sCls 23126 with HF or
HCI.
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4.0 Supplementary Information for Chapter 6: Modelling

the Ozonolysis of Alkenes With Lengthy Alkyl Substituents

4.1 Background Previous Literature Information

The general structures of the alkenes used in this section are outlined below. These are
propene, 1-butene, 2 -methyl-2-butene, 2-methyl-2-pentene, E-2-pentene, Z-2-pentene,
E-2-butene, Z-2-butene and Z-2-hexene (Alkenes 1, 2, 6, 7 & 15 19):

|-|> <|-| H: :H H  CHs H  CH,
1 2 6 7
E‘: :” Bt CH HC  H H,C  CHy nPr. CHy
H CH, H H H CH, H H H H
15 16 17 18 19

Figure 6.23: Chemical Structures of Alkenes 1, 2, 6, 7 & 1519

The section here contains some data from the literature that was used to validate that the

ozonolysis of Alkenes with lengthy alkyl substituents were worth exploring.

4.1.1 Previous Atmospheric Levels of Lengthy Alkenes

Table 144: The abundance of lengthy alkenes in various environments.

Co-reactant Environment A_bgndanc_e Study Ref
(Original units)
1-Pentene

dMega city 9.0 x 10° cm® st Vereecken et al. 66

dRural Europe 1.5x 108 cm®s? Vereecken et al. 66

Taipei Urban - Summer Daytime 0.06 ppbv Wanget al. 69
Taipei Urban - Summer Night-time 0.08 ppbv Wanget al. 69
Taipei Urban - Autumn Daytime 0.03 ppbv Wanget al. 69
Taipei Urban - Autumn Night-time 0.04 ppbv Wanget al. 69
1-pentene in Los Angeles 0.14 /i 2.75 ppb North et al. i

1-Hexene
dMega city 3.0 x 10° cm?® st Vereecken et al. 66
dRural Europe 8.4 x 10" cm® st Vereecken et al. 66
(B)-2-hexene
Taipei Urban - Summer Daytime 0.05 ppbv Wanget al. 69
Taipei Urban - Summer Night-time 0.06 ppbv Wanget al. 69
Taipei Urban - Autumn Daytime 0.03 ppbv Wanget al. 69
Taipei Urban - Autumn Night-time 0.04 ppbv Wanget al. 69
E-2-hexene in Los Angeles 0.13 /i 2.31 ppb North et al . i
Alkene 19 (Z-2-hexene)
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Taipei Urban - Summer Daytime 0.02 ppbv Wanget al. 69
Taipei Urban - Summer Night-time 0.03 ppbv Wanget al. 69
Taipei Urban - Autumn Daytime 0.01 ppbv Wanget al. 69
Taipei Urban - Autumn Night-time 0.01 ppbv Wanget al. 69
Z-2-hexene in Los Angeles 0.051i 1.04 ppb North et al. i
Boston 0.02 ppbv Percival et al. 70
Porto Alegre 1.6 ppbv Percival et al. 70
4-Methyl -1-pentene
Taipei Urban - Summer Daytime 0.05 ppbv Wanget al. 69
Taipei Urban - Summer Night-time 0.04 ppbv Wanget al. 69
Taipei Urban - Autumn Daytime 0.02 ppbv Wanget al. 69
Taipei Urban - Autumn Night-time 0.02 ppbv Wanget al. 69
2-Methyl -1-pentene
Taipei Urban - Summer Daytime 0.05 ppbv Wanget al. 69
Taipei Urban - Sunmer Night-time 0.04 ppbv Wanget al. 69
Taipei Urban - Autumn Daytime 0.02 ppbv Wanget al. 69
Taipei Urban - Autumn Night-time 0.02 ppbv Wanget al. 69
a-pinene
Taipei Urban - Summer Daytime 0.21 ppbv Wang et al. 69
Taipei Urban - Summer Night-time 0.12 ppbv Wang et al. 69
Taipei Urban - Autumn Daytime 0.08 ppbv Wanget al. 69
Taipei Urban - Autumn Night-time 0.06 ppbv Wanget al. 69
b-pinene
Taipei Urban - Summer Dayime 0.01 ppbv Wanget al. 69
Taipei Urban - Summer Night-time 0.01 ppbv Wanget al. 69
Taipei Urban - Autumn Daytime 0.01 ppbv Wanget al. 69
Taipei Urban - Autumn Night-time 0.01 ppbv Wanget al. 69
Ozone (O3)
summertime conditions - Houston 40860 ppbv Ryersonet al. 65
Can exceed 200 ppbv Ryersonet al. 65

O; 6 Boreal Forest

1.4 x 102 cm8 s?

Vereecken et al.

66

O; 0 Tropical Forest/Rainforest

7.3%x 10" cmé st

Vereecken et al.

66

O; 0 Megacity

1.9 x 102 cm8 s?

Vereecken et al.

66

O; 0 Rural Europe

1.4 x 102 cm8 s?

Vereecken et al.

66
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4.1.2 Experimental Literature on the Ozonolysis of Lengthy Alkenes

The Rate constants given here are simply to show that prior to work being undertaken in

the main thesis, the ozonolysis of these alkenes shows that determining the kexpvalues is

valuable.

Table 145: Experimental Rate Constants (k ex) of the Ozonolysis of Various Example Lengthy Alkenes.

Alkene Kexe (X 10 cm?® s?) Study Ref
1.06 + 0.32 Calvert et al. 12
1-pentene 0.87 +0.02 Avzianovaand Ariya 14
1.09 Grosjean and Grosjean 151
0.92 +£0.05 Treacy et al. 21
1.13+0.28 Calvert et al. 12
0.96 + 0.02 Avzianovaand Ariya 14
1-Hexene 0.97 Grosjean and Grosjean 151
1.02 + 0.06 Treacy et al. 21
1.17 £ 0.35 Atkinson and Carter 26
1.2+0.15 Calvert et al. 12
0.92 +0.03 Avzianova and Ariya 14
1-Hepten 0.94 Grosjean and Grosjean 151
1.73 Atkinson et al. %6
0.81 Cadle et al. 152
rans- 2 - He x e 1.57 + 0.47 Calvert etal. 12
15.5 + 0.06 Avzianova and Ariya 14
Alkene 19 144 +4.3 Calvert et al. 12
(ciss 2- Hex e 10.9 + 0.04 Avzianova and Ariya 14
2-Methyl -1-pentene 1.6 +0.5 Calvert et al. 12
4-Methyl -1-pentene 1.0 +0.3 Calvert et al. 12

Table 146: Yield of OH radicals (OH yield) of the Ozonolysis of similar alkenes to Alkene

19. (Degree of

uncertainty in parentheses)

Alkene OH yield Study Ref

1-pentene 0.24i10.37 (0.19f1 0.55) Calvert et al. 12

l1- Hexene 0.18M 0.32 (0.14f 0.48) Calvert et al. 12

1- Heptene 0.27 (x 0.13) Calvert et al. 12

1-Octene 0.10f0.18 (0.07A 0.27) Calvert et al. 12

trans- 2 - pent el 0.27f0.29 (0.20f 0.35) Calvert et al. 12

Alkene 19 (cis- 2 enfene) 0.46 (0.38110.54) Calvert et al. 12

trans- 3- He x en 0.53 (+ 0.08) Calvert et al. 12

cis- 3- Hexen| 0.36 (+ 0.08) Calvert et al. 12
Similar product distribution results are found in the main body of Chapter 6 in  Section 6.8.
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4.1.3 Previous Methods of Modelling Complex Reaction Systems

Whilst a full study using either ab initio or DFT methods would have too high a

computational cost, there are some other approaches that are potentially useful when

analysing Os + Alkene 19, including using molecular dynamics methods or Monte-Carlo

simulations. Molecular dynamics explores the interactions and trajectories of a reaction

using Newtonds | aws of motion and the known forc

the molecule. %3

It does not allow the identification of specific transition states or minima
using quantum chemistry. Therefore molecular dynamics calculations would have much
reduced accuracy, and is usually only applied in much larger reaction systems than the

ozonolysis of Z-2-hexene, such as how pharmaceutical drugs fit into active sites, %456

On the other hand, Monte -Carlo simulation methods can be employed to manage reactions
involvin g flexible structures by running vast numbers of randomly generated reaction
trajectories, often ~10 °, on the two reactants. **” Due to the huge numbers of random
simulations, there is a high probability that all TS s would be identified and therefore the
total reaction chemical analysis can be derived. These reaction trajectories can be
generated using normal DFT, or can be undertaken using MD which can be subsequently
refined by ab initio methods. No knowledge is required of either TSs or products to use
this method. **® This has previously been applied to the decomposition of sC Is from the
ozonolysis of trans-2-butene and 2,3-dimethyl -2-butene; n-pinene-derived-sCI +
H,O/(H20),; and SO, + HCHOO/(CH).COO*™5%° Whilst it often provid es accurate analysis
for a specific system, the vast number of simulations still require very large amounts of
computational cost and therefore is not necessarily any more useful in exploring a broad

range of alkenes.

Some computational studies, for exampl e the investigation of the reaction between H 0O
and the anti-sClI derived from Sabinene, choose to disregard any computational complexity
and investigate only the alleged lowest energy pathways to determine the reaction
chemistry. %% This is a hugely imperfect solution because, even assuming that the lowest
energy pathways calculated are correct, the contributions of sub -pathways can alter both
the krueoand Brueovalues significantly, as shown for both O 3 reactions with Alkenes 2 & 8,

in Chapter 3.

McGillen and co-workers produced a straightforward model to determine the alkene
ozonolysis rate constant based on alkenes geometric structure, referred to as a Structure -
Activity Relationship (SAR)*Thi s model s genedr ataelsuea tnhuanier i c a

incorporates the structural factors of a mono -alkene (deemed important by McGillen and
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co-workers), and fits these c¢ values derived from a range of alkenes to their respective

ozonolysis kexpvalues. The subsequent correlation between the ¢ value and the lo gio(kexd

value is used as the 0SAR e qu atkdgohothertlkenes st i mat e
using their structural features. (An extended background of the SAR model is found in

Section 1.8.5 and the method is found in Section 2.7)

R, R; Hy
>=< N S 31
Z~ C” p CH,
R2 Ry H, $

Figure 6.24: Alkenes Rifi Ry substituent positions and the positions of hydrogen analogues on a substituent
carbon chain | abell ed ué)iamdghe Srucaue bf 2 Zdintety -4-peitdhe labglled s@,

s1 & sp according to which alkyl segment(s) causes the s, s1 & s, steric effect in the SAR model.

The two structural concepts used to generate this c¢ value include: that a larger number of
the alkyl groups in the R 1fi R4 positions induces greater alkene reactivity, and that the
spatial arrangement and steric bulk of tho se alkyl groups can obstruct the >C=C< reaction
site. These two factors are shown to influence alkene ozonolysis in Chapter 3. The specific
spatial arrangement of having two alkyl substituents in the R 1 & R, positions, such as for
2,4-dimethyl -1-pentene, increases steric bulk around the >C=C< bond and hampers
reactivity (referred to as the s ¢ effect in Figure 6.9) . Alkene substituents with additional

N- or g-alkyl groups (on s; or sy) inhibit reactivity more  substantially.

This SAR model developed byMcGillen and co-workers shows several advantages most
notably that it is a very simple model that can determine relatively accurate ksarvalues
for alkene ozonolysis compared to literature kexpvalues.*® However, the SAR model does
not determine SAR product branching ratios ( Bsag for Cls or even for the aldehyde/ketone
products. ** Also, this model does not distinguish between E- & Z-alkenes, despite there
being a significant difference in both kexpand Ecxpvalues for these different conf ormeric
forms.'* Analysis of the Oz + Alkene 19 requires both Brueovalues and different chemistry
for E & Z-alkenes, so this SAR method is not comprehensive enough to be used for O; +
Alkene 19.1%2% For these reasons, the ksarvalues for Os + Alkene 19 (2.89 x 10 cm?® s?)

is used here only as a comparison to the results of the authors new methodologies .
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4.1.4 Existing Literature Studies on the Ozonolysis of Lengthy Alkenes

It is thought that ozonolysis of E-2-hexene and Alkene 19 have rate constants high enough
(~10'® cm?® s that they will not  only deplete tropospheric alkenes but also generate
important bimolecular reaction products. '?** Determining the Brueovalues of the different
Cls is important because, to the authoros
product yields for O 3 + Alkene 19 (or Oz + E-2-hexene either). ** The Brueovalues of Cls
obtained herein are vital to atmospheric models, potentially being stabilised to sCls
(explored in Chapters 4 & 5) or fragmenting to produce secondary yields of OH radical (see
Introduction Section 1.5 for more details). 1215194291.113.136.165874 Ey harimental ozonolysis
yields for similar alkenes have been measured, with high sClI yields from the reaction of O 3
+ 1-pentene (0.29 i 0.45) and the substantial OH radical yields from the ozonolysis of 1 -
pentene and E- & Z-2-pentene (>0.25). 303895175176 Thig provides further evidence t hat
determining the full set of Brueovalues for O3 reactions with Alkene 19 and other similar
lengthy alkenes, such as 1-pentene, E-2-hexene and 2-methyl-2-hexene, is incredibly

useful.

It has been noted in the literature that increasing an alkene substit uent chain length
beyond 3 carbons | ong, does not substanti
having a minimal effect on kexpand Bexpvalues.*®® This makes the lengthening of the iR
chain from iEtto in Pr much mor e i mpofCQHaChitCRd e & laki g le
may be included in a single taxonomic group. Examples of this would be that the krueo&
Brueoresults for O3 + 1-pentene, E-2-hexene, Alkene 19 & 2-methyl-2-hexene would also
apply to O3 + 1-hexene, E & Z-2-heptene & 2-methyl-2-heptene, respectively. This

amplifies the value of any model derived herein to describe these alkene sets.
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4.2 Use of FESP model 1 on Smaller Alkenes

To determine the accuracy of FESP model 1, and the MESMER projection technique that it

is based on, were both separately validated by comparing the results obtained from

applying the MESMER projetion technique and then later FESP model 1 as a whole. These

are applied to 1 -butene, E-2-pentene, Z-2-pentene and 2-methyl-2-pentene (Alkenes 2,

15, 16 & 7) using the MESMER input files and the energy adjustment from propene, E-2-
butene, Z-2-butene and 2-methyl-2-butene (Alkenes 1, 17, 18 & 6):

To test the reliability of both the MESMER Projection Technigue were tested using

cal cul adeoessdultsimédium alkenes (Alkenes 2, 15, 16 & 7)
the smaller alkenes (Alkenes 1, 17, 18 & 6)

t o

MESMER input file, where the krest& Bresrare calculated.

4.2.1 Adjusted Data from MESMER projection Technique

Table 147: Adjus t e dip; Valdes for each TS of Oz + Alkenes 2 & 15 using ] Grueoresults.

a n d apivdlues fiom
det er amivatues totinpue intp the

O; + Alkene 2 O; + Alkene 15
kJ mol * kJ mol *

TS ] Grreo ] Eaps TS ] Grreo ] Eaps
TSz01.1 56.93 11.55 TSz01.1 47.81 2.32
TSz01.2 57.88 12.51 TSz01.2 52.58 7.09
TS201.3 56.40 11.02 TS201.3 53.82 8.33
TSz02.1 61.15 15.97 TSz02.1 53.60 8.11
TS202.2 63.98 18.80 TS202.2 55.25 9.76
TS202.3 58.39 13.22 TS202.3 51.83 6.34
TSo01.1 -108.70 -157.27 TSwam 1.1 -113.92 -163.53
TS01.2 -108.04 -156.61 TS 1.2 -120.06 -169.67
TS01.3 -109.21 -157.79 TSwm 1.3 -122.47 -172.09
TSo02.1 -106.39 -154.55 TSwam 1.1 -114.76 -164.38
TS0 2.2 -106.68 -154.84 TS 1.2 -121.89 -171.50
TS02.3 -107.63 -155.79 TS 1.3 -122.54 -172.15
TSl -113.30 -161.67 TSwl.1 -123.53 -173.99
TS 2 -112.79 -161.16 TSwwl1.2 -120.22 -170.68
TS 3 -115.45 -163.81 TSwwl1.3 -124.15 -174.61

TSynl -112.36 -161.42 TSww2.1 -122.27 -172.73
TSvn2 -100.89 -149.95 TSyn2.2 -111.46 -161.91
TSvn3 -113.34 -162.40 TSyn2.3 -122.98 -173.44
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Table 148;

Adj u sptvalaes fprBach TS of Oz + Alkenes 16 & 7 using ] Grueoresults.

Oz + Alkene 16 Oz + Alkene 7
kJ mol * kJ mol *

TS ] Grreo ] Eaps TS ] Grreo ] Eaps
TSz01.1 49.57 4.96 TSz01.1 46.58 0.32
TSz01.2 62.29 17.67 TSz01.2 61.52 15.26
TS2z01.3 46.58 1.97 TS701.3 45.81 -0.45
TSz02.1 58.31 12.74 TSz02.1 53.58 5.86
TSz02.2 70.53 24.96 TS702.2 65.35 17.62
TS202.3 52.70 7.13 TS702.3 48.56 0.83
TSwml.1 -125.47 -176.74 TSmrol.1 -132.13 -185.44
TSwnl.2 -118.88 -170.15 TSmro0l.2 -135.08 -188.38
TSwn 1.3 -127.14 -178.41 TSmro0l.3 -138.63 -191.93
TSwnl.1 -121.30 -172.57 TSmro02.1 -120.45 -173.49
TSwn 1.2 -125.68 -176.95 TSMmF02.2 -121.51 -174.55
TSwn 1.3 -127.56 -178.83 TSmro02.3 -129.55 -182.59
TSywl.1 -111.34 -163.22 TS 1 -117.98 -170.48
TSywl1.2 -98.21 -150.09 TSwmi 2 -121.25 -173.75
TSywl1.3 -115.02 -166.90 TS 3 -127.80 -180.30
TSw2.1 -115.56 -167.44 TSynl -117.61 -171.04
TSyn2.2 -109.03 -160.91 TSyn2 -103.99 -157.43
TSyn2.3 -116.44 -168.32 TSyn3 -119.90 -173.33

4.2.2 Comparing MESMER projection technique to Computational results
Table 149: Testing the rates MESMER projection technique(kresy with full computational analysis  (kcoms (10

18 cm3 s1) and product yields ( Brest& Beowmp of O3 + alkene 2 by both subchannel (TS .1, TS.2& TS .3) and

overall channel (E ( T)S)

Channel Kpros[10 8 cm? S'l] Krreo [10 18 cm? S'l] Kpros-
TS1|TS2 | TS3 | O(T{TSA1 | TS.2 | TS.3 | B( T{ Kkcowr

TSoz01 22.6 12.7 36.3 71.6 27.7 19.0 34.1 80.8 -9.2

TSoz02 51 14 10.2 16.6 5.10 1.65 15.2 21.9 -5.3
Total k 88.2 102.7 -14.5

Brest Brieo

Chamnel o g T9s 2 [Tsa3]o(Ti{Ts1]Ts2|Tsa3]a(T{ @
BH.coo(1) 0.060| 0.050 | 0.069 | 0.179 | 0.068 | 0.058 | 0.073 | 0.199 | -0.020
BH.c00(2) 0.054 | 0.035 | 0.067 | 0.156 | 0.057 | 0.051 | 0.065| 0.173 | -0.017
Banti-crecHoOO | 0.142 | 0.119 | 0.164 | 0.425 | 0.130 | 0.108 | 0.188 | 0.427 | -0.002
Bsyn-crcHoo | 0.083 | 0.055 | 0.102 | 0.240 | 0.082 | 0.019 | 0.099 | 0.200 | 0.039
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Table 150: Testing the rates MESMER projection technique(krtesy with full computational analysis  (kcoms (100
18 cm? s1) and product yields ( Brest& Beowmp of alkene 15 by both subchannel (TS .1, TS .2 & TS .3) and overall
channel (€ ( T)S)

KproJ [10 17 em?® S_l] KTthEO [10 17 em?® S_l] KtesT -
TS.1 | TS2 | TS3 | B( T{TS.1 | TS.2 | TS.3 | ©( T{ Kcowmp
TSoz01 14.74| 6.65 | 23.09 | 445 66.2 22.2 9.78 98.2 -53.7
TSoz02 11.80| 5.86 | 32.22 | 49.9 6.22 4.98 3.36 14.6 35.3
Total k 94.4 112.8 -18.4
Brros Brieo

Chamnel o T ys 2 [ 1s3[o(T{Ts1|Ts2|1Ts3]o(T{ *®
Banti-EtcHoo | 0.091 | 0.074 | 0.102 | 0.267 | 0.029 | 0.072 | 0.128 | 0.229 | 0.038
Bsyn-EtcHoo | 0.079 | 0.065 | 0.088 | 0.231 | 0.087 | 0.016 | 0.101 | 0.203 | 0.028
Banti-ckscHoo | 0.086 | 0.072 | 0.111 | 0.269 | 0.035 | 0.105 | 0.126 | 0.266 | 0.003
Bsyn-ctscHoo | 0.074 | 0.063 | 0.096 | 0.233 | 0.120 | 0.058 | 0.124 | 0.302 | -0.069

Channel

Table 151: Testing the rates MESMER projection technique(kresy with full computational analysis  (kcowms (10
18 cm3 s1) and product yields ( Brest& Beomd of O3 + alkene 16 by both subchannel (TS .1, TS 2 & TS .3) and
overall channel (€ ( T)S)

Channel Kpros[10Y cm?® st Kcomp[10 Y cm?® s KresT -
TS.1 | TS2 | TS3 | ©( T{TS1 | TS.2| TS.3| ©( T{ Kcowr
TSz0 1 25.2 6.0 132.0 | 163.2 53.2 0.3 177.8 | 231.3 -68.1
TSoz02 0.7 0.0 5.1 5.9 1.6 <0.1 15.2 16.9 -11
Total k 169.1 248.2 -79.1
Channel Brros Bcowmp o5

TS.1 | TS2 | TS3 | B(T{TS1 | TS2 | TS3|O(T

Banti-EtcHoO | 0.133 | 0.076 | 0.249 | 0.458 | 0.141 | 0.040 | 0.215 | 0.395 | 0.063

Bsyn-EtcHoo | 0.012 | 0.004 | 0.026 | 0.042 | 0.011 | 0.001 | 0.022 | 0.034 | 0.008

Banti-ckecHoo | 0.133 | 0.076 | 0.249 | 0.458 | 0.156 | 0.146 | 0.209 | 0.510 | -0.052

Bsyn-crecHoo | 0.012 | 0.004 | 0.026 | 0.042 | 0.022 | 0.008 | 0.030 | 0.060 | -0.018

Table 152: Testing the rates MESMER projection technique(krtesy with full computational analysis  (kcoms (100
18 cm® s1) and product yields ( Brest& Beowmp of O3 + alkene 7 by both subchannel (TS .1, TS 2 & TS .3) and
overall channel (€ ( T)S)

Kproy [10 18 cm? S'l] Kcowmp [10 18 em?® S'l] KtesT -
TS1| TS2 | TS3 | ©( T{TS.1| TS.2 | TS.3 | ©( T{ Kcowr
TSoz01 86.7 0.5 289.8 | 377.0 | 276.6 0.7 370.1 | 647.4 | -270.4

Channel

TSoz0 2 2.6 0.0 25.1 27.8 16.7 0.1 123.9 | 140.7 | -112.9
Total k 404.8 788.0 -383.2
Channel Brroy Bcomp =5

TSA1|TS2 | TS3 | 9(T{TS1| TS.2 |TS3|9O(T
Bcre).coo(1l) | 0.201| 0.064 | 0.375 | 0.640 | 0.141 | 0.178 | 0.334 | 0.653 | -0.013
Bcre).coo(2) | 0.048| 0.014 | 0.107 | 0.169 | 0.028 | 0.028 | 0.103 | 0.158 | -0.008
Banti-EtcHoO | 0.046| 0.014 | 0.089 | 0.149 | 0.023 | 0.027 | 0.102 | 0.152 | 0.018

Bsyn-etcHoo | 0.012] 0.003 | 0.026 | 0.041 | 0.014 | 0.002 | 0.021 | 0.037 | 0.003
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4.2.3 Gibbs Free Energy Calculations using FESP model 1

Table 153: O; + 1-butene determining the &projvalue.

®G (kI mol
EtCHCH & @owp & Gsxproz
POZ TS« [POZ | (ChcHCH) | B®o | ®Gneo 06

TSoz01.1 243.38 57.43 56.93 -0.51

POz1.1 TSawn 1 -185.95 72.01 -113.94 -113.30 0.64
TSo0l.1 78.28 -107.67 -108.70 -1.02

TSoz01.2 243.38 58.86 57.88 -0.98

POz1.2 TSawm 2 -184.52 72.01 -112.51 -112.79 -0.28
TS01.2 78.28 -106.24 -108.04 -1.79

TSz01.3 243.38 56.26 56.40 0.14

POZ1.3 TSt 3 -187.13 72.01 -115.11 -115.45 -0.33
TS01.3 78.28 -108.85 -109.21 -0.36

TSz02.1 247.48 61.16 61.15 -0.01

POZ2.1 TS02.1 -186.33 80.39 -105.94 -106.39 -0.45
TSswnl 74.26 -112.06 -112.36 -0.30

TS0z02.2 247.48 64.41 63.98 -0.44

P0OZ2.2 TS02.2 -183.07 80.39 -102.69 -106.68 -3.99
TSsyn 2 74.26 -108.81 -100.89 7.92

TS0z02.3 247.48 59.45 58.39 -1.05

POZz2.3 TS0 2.3 -188.04 80.39 -107.65 -107.63 0.02
TSsvn3 74.26 -113.77 -113.34 0.43

Table 154: The rate constants and product branching fractions for O 3 + Alkene 2 using the FESP model 1(kpros
& Bro) and the full computational analysis from Chapter 3 (krneo& T subdivided by subchannel (.1, .2 &
.3) and aggregate across the channel (€); difference between the k pros& Krneovalues [O kest= Kproid kthed;
brroi&W A& Yalues foreeach channel [ OB = Bpro0 Bried.

di fference

KproJ [10 18 cm?3 S_l] Ktheo [10 18 cmd st

Channel 4o TS o [Ts3 [ o(T! 751 | Ts2]Ts3 | o(T{ °K

TSzl | 226 | 127 | 363 | 71.6 | 277 | 190 | 341 | 80.8 | -9.2

TS2 | 509 | 1.36 | 10.2 | 166 | 510 | 1.65 | 1562 | 219 | -5.3

Total k 88.2 102.7 145

Brroy Brieo

Chamnel e T9s o 1s3[o(T! 751 [Ts2| 53] o(T!

Bcoo(l) | 0.060 | 0.050 | 0.069 | 0.179 | 0.068 | 0.058 | 0.073 | 0.199 | -0.020

Bcoo?) | 0.054 | 0.035 | 0.067 | 0.156 | 0.057 | 0.051 | 0.065 | 0.173 | -0.017
Benti-crecHoo | 0.142 | 0.119 | 0.164 | 0.425 | 0.130 | 0.108 | 0.188 | 0.427 | -0.002
Bsyn-crhcHoo | 0.083 | 0.055 | 0.102 | 0.240 | 0.082 | 0.019 | 0.099 | 0.201 | 0.039
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4.2.4 Comparing FESP model 1 results to Computational results

Table 155: Ozonolysis of alkenes 15 (E-2-pentene), 16 (Z-2-pentene) and 7 (2-methyl-2-<pent ene) ,

t

he

aeG

POZ +sxp(®@HCHCRBRy) pr oj ecidrdl ons ome@ri son wi t fsxoftECCHPRRt at i onal
[ eko]; and difference between the two ( © &)G
Alkene TS x.1 (kJ mol) TS x.2 (kJ mol1) TS x.3 (kJ mol)

15 & Groy & GHeo © a&droys & Groy & GHEO © a&froy & Groy & GHEo © a&froy
TSoz01 52.80 47.81 -4.99 54,77 52.58 -2.19 51.68 53.82 2.14
TSoz02 53.34 53.60 0.25 55.08 55.25 0.17 50.85 51.83 0.98
TSanmi 1 -120.84 -113.92 6.91 -118.87 -120.06 -1.19 -121.96 -122.47 -0.51
TSsyn2 -122.70 -123.53 -0.83 -120.73 -120.22 0.51 -123.82 -124.15 -0.33
TSanTi 2 -120.29 -114.76 5.53 -118.55 -121.89 -3.33 -122.78 -122.54 0.24
TSsynl -122.15 -122.27 -0.12 -120.42 -111.46 8.96 -124.64 -122.98 1.67

16 & Groy & Gueo | © &dros & Groy &G0 | O &fRos | & Groy & Gueo | O &dRos
TSz01 51.41 49.57 -1.84 54.98 62.29 7.31 47.31 46.58 -0.72
TSoz02 60.17 58.31 -1.86 67.18 70.53 3.36 55.42 52.70 -2.72
TSanm 1 -123.12 -125.47 -2.35 -119.55 -118.88 0.67 -127.23 -127.14 0.09
TSsyn2 -109.67 -115.56 -5.89 -102.67 -109.03 -6.36 -114.43 -116.44 -2.01
TSanm1 2 -123.12 -120.43 2.69 -119.55 -125.68 -6.13 -127.23 -127.56 -0.33
TSsynl -109.67 -111.34 -1.67 -102.67 -98.21 4.46 -114.43 -115.02 -0.59

7 & GroJ & GHeo © &&eRos | & Groy 2 GHEo © &fRos | & GroJ 2 GHeo O &KRros
TSoz01 49.23 46.58 -2.65 56.20 61.52 5.32 45.37 45.81 0.45
TSz02 54.89 53.58 -1.31 62.23 65.35 3.11 50.13 48.56 -1.57
TSanm 1 -123.04 -117.98 5.06 -116.07 -121.25 -5.18 -126.90 -127.80 -0.90
TSvrol -133.53 -132.13 1.39 -126.56 -135.08 -8.52 -137.39 -138.63 -1.24
TSmro2 -124.43 -120.45 3.98 -117.08 -121.51 -4.43 -129.19 -129.55 -0.36
TSsynl -116.71 -117.61 -0.89 -109.37 -103.99 5.38 -121.48 -119.90 1.58
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4.2.5 The accuracy of FESP model 1 results for the Ozonolysis E-2-pentene

Additional analysis of FESP model 1 is presented here for the ozonolysis of another alkene
with an fi Et substituent in the fi Ry position, Alkene 15, using the adjusted MESMER files
and e Gsipoz Values extracted from equivalent alkenes with fi CH groups in the fi Ry
position, Alkene 17.

Et H Hi¢ H
H  CHs H CH,
15 17

Figure 25: Schematic of the chemical structures of Alkenes 15 & 17.

The TS structures in the Oz + Alkene 15 reaction are likely to see some geometric
distortions caused by interactions between the E-orientated fi Et and i CH; substituents
and therefore a greater number of deviations between the & Gros& & GueoVvalues, than Os
+ Alkene 2. The FESP model 1results of Oz + Alkene 15 can be observed in the Table
below:

Table 156: The rate constants and product branching fractions for O 3 + Alkene 15 using FESP model 1(kpros&
Bro) and the full computational analysis from Chapter 3 (ktheo& Brueg subdivided by subchannel (.1, .2 & .3)
and aggregate across the channel (€); difference between the Kkproi& krueovalues [O kest= kproi® kthed;
difference between the Bpros& Brueovalues for each channel [ G = Boroi0 Bried].

Alkene 15 kpros[10 " cm? s Ktheo [10 17 cm?® s

Channel (.1) (.2) (.3) B (1) | (2 (.3) 5 | Okros

TSoz01 14.7 6.65 23.1 44.5 66.2 | 222 9.8 98.2 | -53.7

TSoz02 11.8 5.86 32.2 49.9 6.2 5.0 3.4 146 | +35.3

Total 94.4 1127 183
Brros Brueo
Channel "1 T (3) 5 D 1 @ | (3 | o | %o

Banti -ecchoo | 0.091 | 0.074 | 0.102 0.267 0.029 | 0.072 | 0.128 | 0.229 | 0.038

Bsyn-etchoo | 0.079 | 0.065 | 0.088 0.231 0.087 | 0.016 | 0.101 | 0.203 | 0.028

Benti -crecHoo | 0.086 | 0.072 | 0.111 0.269 0.035| 0.105 | 0.126 | 0.266 | 0.003

Bsyn-crecHoo | 0.074 | 0.063 | 0.096 0.233 0.120 | 0.058 | 0.124 | 0.302 | -0.069

The difference between the overall kprojvalue (9.44 x 10® cm?® s?) is the overall krueo
value (1.13 x 10™*® cm?® s?) for O3 + Alkene 15 is well within the 1 order of magnitude
margin, but some of the distribution between channels is more distorted. Asseen inthe
Table Above, the distortion is greatest between the kproi& krheoValues for reaction via the
TSzo 1.1 structure, because the @ Gros[TSzo 1.1] value is ~5 kJ mol™* higher than that of
& Gueo[TSz01.1], possibly due to an inductive effect . Of the cycloaddition structures,

only the TSz01.1 structure sees a € Gros> 2.5 kJ mol™* meaning that the proportion of

the rate consta nt provided by the TS 0z0 1.1 mechanism, shifts from ~58% of the krueovalue

to only ~16% of the kprosvalue. While reaction via TSz01.2 & TSz01.3 also sees
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distortions, these e Grosvalues are small (-2.2 & 2.1 kJ mol ) and they balance out in

kproscalculations.

Table 157: Transition State s for the Oz + Alkene 15 reaction with distinctive differences between the

relative

theoretical Gibbsfree e n e r g yumo|[amd @rojected relative Gibbs Free energy using FESAmodel 1 [ aa&o];
and the difference between the & Gueo& @& Grosvalues for the TS structure [O aedros= & Greofl @& Gro]. Gibbs
Free energy values in kJ mol 1.

Label TSoz01.1 TSwm 1.1 TSawm 2.1 TSanm 2.2 TSyn1.2
O, - O,
o“\\o//"'o I o“\\ “o i . \o i /,0\ I Y N 3
HI ; / WCH3 é (I;/ é ! (i‘, '/0 o\“ "/o
mwg==cg\ wC----C wC----¢ . p \ I
Structure HyC c C\H :\cl é\H :\C é H H\\\\‘C"'“C_"H H\\\"CN-_-C",‘H
B CH, 2 E 2 { 2
iy l | CH, H,C—CH; CH, H,C—CH; CH,
3 CH, CH,
& Gueo 47.8 -113.9 -114.8 -121.9 -111.4
2 GRro; 52.8 -120.8 -120.3 -118.6 -120.4
© &froy -5.0 6.9 55 -3.3 9.0
Cl Product N/A anti-EtCHOO anti-CHCHOO anti-CHCHOO synCHCHOO

The Brrosvalues for Oz + Alkene 15 have a similarly even distribution of CI products to that

of Brueovalues from Chapter 3, but the distortions between these values are larger than

those seen for Os + Alkene 2. The differences in & Gros&

& Gueovalues for most POZ

fragmentation barriers for O 3 + Alkene 15 are small (< 2 kJ mol™). However, notable

differences between | Gpros&
barriers: TSanTI 1.1, TSanTi 2.1, TSanm12.2 & TSsyn1.2 (featu
emerge from the observation, noted for O 3 + Alkene 2,

JHeovalues are seen in four key POZ fragmentation

red i n Table 1.52 above). These
t h at prdsValees in ESP

model 1 do not always accommodate changes in steric interaction caused by the

adjustments of the f Et substituent with the TS structures.

For example, the interaction of the i Et group and the ce

ntral oxygen in the 1,2,3

trioxolane segment of the s trojuatigsofiTOGNTIADPTERN S t O
1.2 to devi at ®eovhlues. mcompamble stefic teraction materialised fo r
TS02.2 & TSsyn2 structuresin Oz +Alkene2and t hi s generproldevistionsar al | el

The increased steric interaction in TS syn1.2 contributes to why FESP model 1

overestimates the Berojbranching fraction for syn-EtCHOO + CECHO.

FESPno d e |

] Grosvalue for TSanmi2.1 being underestimated and therefore the overall

1

OV er e Spkojvatua toreTSanri2.8 teut this@ too balanced out by

Brros & Brieo

values for anti-CHCHOO + EtCHO are fairly similar. The steric changes that cause this

under est ipmaviluedfor TSam 1.1 & 2.1 appear to be the inverse to the

phenomenon seen for TSz01.1. These TS geometries feature a POZto-TS structural

change where the lengthy fi Et substituent diverges or converges with the E-orientated fi
CH: substituent. While, the Brroi& Brieo values are similar for anti -EtCHOO + CECHO, the
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variances between them (and the consequential alterations to the  Brros& Brreo Values for
syn-CHCHOO + EtCHO) are ascribed to theconvergences anddivergences of fi Et

substituent with other parts of the TS structure.

As mentioned in the discussion of Oz + Alkene 2, these distortions in steric interactions and

the consequential effectthe over esti mati ng/ un érewaisstniFES®t i ng of
models is discussed in Thesis Section 6.6. The fact that the kproi& Krreovalues are well

within an order of magnitude to each other and that they  have a relatively even

distribution, despite these deviations, provides evidence that FESP model 1 is reasonably

accurate.

4.2.6 The accuracy of FESP model 1 results for the Ozonolysis Z-2-pentene

Of the analysis of FESP model 1 here of the four with alkenes with fi Et substituent s in the
fi Ry position, O3 + Alkene 16 is of overriding importance because of it s structural
similarities between Alkene 19, the alkene of interest of this chapter. Any inconsistencies

in FESP modelling for G + Alkene 16 are of particular interest as they may also apply to O 3
+ Alkene 19. The implementation of FESP model 1 forOs + Alkene 16 uses the adjusted
MESMER files ande Gsipoz values extracted from equivalent alkenes with a i CH group in
the fi Ry position, Alkene 18. Structures for Alkenes 16, 18 & 19 are in Figure 19, below .

Et  CHs HsC  CHy nPr.  CHj
H H H H H H
16 18 19

Figure 26: Schematic of the chemical structures of Alkenes 16, 18 & 19.

Increased barrier heights in certain cycloaddition structures (TS o0z01.2 & 2.2) have already
been reported in Thesis Section 3.5.2, due to the steric interaction betwee n the Z-
orientated large and bulky i Et and fi CH; substituents in O3 + Alkene 16. Another more
moderate deviation between & Gueo& @ Grosvalues is provided by TSoz02.3, which is
marginal in size (6 Gros~2.72 kJ mol™?), but it does have a small effect on reactivity.
While the steric changes in TSoz01.2 & 2.2 & TSoz02.3 barriers cause deviations between
their & Gueo& 2 Grojvalues, these have a minor impact on the Kkprojor krueovalues, as
shown in Table 153. Therefore, t he kerosvalue for O3 + Alkene 16 (1.69 x 10%° cm?®s) is
still fairly close to the krueovalue (2.48 x 10 cm?® s*) and the proportions of each TSozo

pathway are similar.

Table 158 The rate constants and product branching fractions for O 3 + Alkene 15 using FESP model (kpros&
Bro) and the full computational analysis from Chapter 3 (ktheo& Brueg subdivided by subchannel (.1, .2 & .3)
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and aggregate across the channel (€); difference between the kproi& krneovalues [O kest= Kproid KrHed;
difference between the Bpros& Brieovalues for each channel [ b = Bproy0 Bried).

Alkene 16 Kpros[10 ¢ cm? s Ktheo [10 *° cm?® s Ok
Channel (1) (.2) (.3) E) (1) (.2) (.3) B) ROV
TSoz01 2.5 0.6 13.2 16.3 5.3 <0.1 17.8 23.1 -6.8
TSoz0 2 <0.1 <0.1 0.5 0.6 0.2 <0.1 1.5 1.7 -1.1

Total 16.9 24.8 -7.9
Brroy Brreo
Channel =Ty (3) | o | (1) | (2) | (3) | o | &

Banti -EtcHoo | 0.133 | 0.076 | 0.249 | 0.458 | 0.141 | 0.040 | 0.215 | 0.395 | 0.063

Bsyn-EtcHoo | 0.012 | 0.004 | 0.026 | 0.042 | 0.011 | 0.001 | 0.022 | 0.034 | 0.008

Eanti -crbcHoo| 0.133 | 0.076 | 0.249 | 0.458 | 0.156 | 0.146 | 0.209 | 0.510 | -0.052

Bsyn-crbcHoo | 0.012 | 0.004 | 0.026 | 0.042 | 0.022 | 0.008 | 0.030 | 0.060 | -0.018

The Berojvalues for anti-EtCHOO &syn-EtCHOO are the same as that for anti-CHCHOO &

syn-CHCHOO, respectively because each pair of POZ fragmentation TS structures has the

samep@VAEA |l UeE.
mol™ for TSanm 1.1 & 2.1) are
same POZ (e.g. ~-190.5kJ mol*f o r

The

due to

POz

bei

ng
1.1)

s yroovaleds foii these TS gtr@@tures (e.g. ~ -123.1 kJ

pr od uweoraue ¢f the m
adirek valudhobthesama dS | G
structure in O 5 + Alkene 18 (~67.35 kJ mol™ for TSant). However, this set of symmetrical

values actually produces a Berojdistribution for O ; + Alkene 16 which is very similar to the

Brueo values calculated in Thesis Chapter 3, with the most significant deviation being that
anti -CHCHOO has a largerbrreo value (~0.510) than that of anti -EtCHOO (~0.395).

Table 159: Example Transition State s for the Os; + Alkene 15 reaction with the differences between the
relative theoretical Gibbsfree e n e r g yued[ard @rojected relative Gibbs Free energy using FESAnodel 1
[ eR&o]; and the difference between the 2 Gueo& 2 Grosvalues for the TS structure [© aefros= & Greofl
2 Gro]. Gibbs Free energy values in kJ mol -,

Label TS702.3 TSo701.2 TSanm 2.2 TS5702.2 TSsyn2.2
0 0
0" %o i °.'\\\0//,",° * o 7 * 0.'0\,0 oY *
Structure Mo de Haz"/l&c:c\\\\H Hac:/}:c/\\\H Haz"/l&c:c\\\\H Hsc:/l\c g{\H
H3;C—CH, \CH ﬁz CHs ﬁz CH, ﬁz CH ﬁz H,
& Gueo 52.7 62.3 -125.7 70.5 -109.0
2 Groj 55.4 55.0 -119.6 67.2 -102.7
© &R0y 2.7 7.3 -6.1 3.3 -6.3
CIl Product N/A N/A anti-CH,CHOO N/A synCHCHOO

However, one very important factor that can be noted, particularly when observing the

deviations between their @& Gieo& & Grosvalues for Oz + Alkene 16, is that the steric

impacts appear to form convergence/divergence pairs, such as TS 0z01.2 & TSan11 1.2,

paired in Table 154 above. These pairs of TS structures exhibit the same i Et substituent

rotational movement during transition that causes the

1.2) or diverge (TSanti 1.2), with a near structural featur

fi Et substituent to converge (TSozo
e (the A CH substituent) an

respectively increase or decrease the & Gueovalue by a similar energy (here ~6 kJ mol ). It
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is this drop ~6 kJ mol* between the @ Gro;& @ GueoVvalues that is principally responsible
for the larger Brueo value for anti-CHCHOO, given inTable 154 above. Similar parings of
steric interactions are seen for other TS structures in the O 3 + Alkene 16 reaction, such as
TS202.2 & TSsyn2.2, but they have little impact on  kprosOr Brueovalues and are therefore
explored only in Thesis Section 6.6 in conjunction with those seen for O 3 + Alkenes2 & 15.
The fact that these kpros& Berosvalues for Oz + Alkene 16 are similar to the Krueo& Brieo
values determined in Chapter 3, provides more evidence that FESP model 1 is quite

accurate.

4.2.7 The Accuracy of FESP model 1 for the Ozonolysis of 2-methyl -2-pentene

The key structural detail of a A CH; group in the Z-position to the principle fAR; group for
both Alkenes 16 & 19 is also seen for Alkene 7, meaning discrepancies seen for O; +
Alkene 7, may also be of interest. The FESP model 1 forOs; + Alkene 7 uses the adjusted
MESMER files ande Gsipoz values extracted from the O 3 + Alkene 6 reaction.

H,C CH, Et CH;

H CH; H CH;
6 7

Figure 27. Schematic of the chemical structures of Alkenes 6 & 7.
While the TSoz01.2 & 2.2 structures have deviations between the & Gueo& & Grosbarriers
for Oz + Alkene 7, the only important cycloaddition structure with such a difference in &G
values was TSzo0 1.1 (8 aego;~2.7 kJ mol™?). The underestimation of the & Grosbarriers for
TSz01.1, similar to one seen for O ; + Alkene 15, is the main contributing factor to the

small difference in the kpros& krneovalues for Oz + Alkene 7 (see Table 155 below).

Table 6.160: The rate constants and product branching fractions for O 3 + Alkene 15 using FESP model 1(kproj
& Bro) the full computational analysis from Chapter 3 (ktheo& Brueg subdivided by subchannel (.1, .2 & .3)
and aggregate across the channel (€); difference between the kproi& krueovalues [O kest= kproiO kthed;
difference between the Bproi& Brueovalues for each channel [ Goros = BrrosO Brred)-

Alkene 7 Kpros[10 *® cm? s Krheo [10 % cm?® s* Ok
Channel (1) (.2) (.3) E) (1) (.2) (.3) E) ROV
TSozo 1 87 | <01 | 29.0 | 37.7 18.0 | <0.1 [ 24.0 | 421 | -44
TSoz02 03 | <01 | 25 2.8 1.1 <0.1 | 8.0 9.1 -6.3

Total 40.5 51.2 -10.7

Channel Brroy Brieo rro;

(D) | (2 | (3 9 (1) 2 | (3 E

BcH).coo(1) | 0.201 | 0.064 | 0.375 | 0.640 0.141 | 0.178 | 0.334 | 0.653 | -0.013

BcH).coo(2) | 0.048 | 0.014 | 0.107 | 0.149 0.028 | 0.028 | 0.103 | 0.158 | -0.009

Banti -EtcHoO | 0.046 | 0.014 | 0.089 | 0.169 0.023 | 0.027 | 0.102 | 0.152 | 0.017

Bsyn-EtcHoo | 0.012 | 0.003 | 0.026 | 0.041 | 0.014 | 0.002 | 0.021 | 0.037 | 0.004
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Table 155 (above) also shows that the Brros & Brueo distributions are also fairly similar and
where there are overestimations in the product distribution, such as forthe TS pmrol.2 &
2.2 subchannels, the yield of (CH 3).COO from the underestimated TSpmrol.1 & 2.1
subchannels balances this out. Other discontinuities do exist between the g G1eo& 2 Gros
barriers of other POZ fragmentation structures however they have little effect on the Brros
& Bryeo distributions. Many of these steric repulsion -related disparities between & Gueo&
& Groyvalues for TS barriers found for O 3 + Alkene 7 are of interest and are explored in
conjunction with those of O 3 + Alkenes2, 15 & 16. Once again, the Kpros& Brrosfor Oz +
Alkene 16 are similar to the krieo& Brueo values, calculated in Chapter 3, implying that
FESP Model 1s relatively accurate.
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4.2.9 Steric Factor extracted from  Different TS structures

Table 161: Compiled convergences and divergences take place all O3 + Alkenes 2, 7, 15 & 16 reaction by
i nt e rd) éattorsr by: tLabel;inomber ¢f Hee Alkene reactant; TS
angle change of the critical bond rotation (  aneLg; change in energy that

Steric (sgtergandhi nder ed

structure they emerged from;

results (O a)GAverage change in energy from each factor ( Av e r apg/e ca®

Alkene BNGLE kJ mol 1
ot Fericlabel No TS ©) ©6xG | Aver agk i
~ ~ 2 TS02.2 +23.42 | -3.99
C -
@ (MELO0,MH) 15 TSwn2.2 | 2117 | -3.33 3.66 (+0.33)
~ ~ 2 TSyn2 19.10 | 7.89
C
&on (1 EL,°0,fiH) 15 TSyn2.2 19.19 | 8.96 8.43 (+ 0.54)
16 TSwn 2.2 +9.20 | -6.13
& (A Et, 'O,/ CHy) 7 TSwn 2 +19.19 | -5.18 -6.61 (£ 1.91)
7 TSwol?2 | +0.8L | -852
~ ~ 16 TS201.2 23.05 7.31
t
a&on(f E,'O, /i CHy) = TS 965 £33 6.32 (+ 0.99)
N ~ 16 TSn2.2 12462 | -6.36
aay (A Et, €O, fi CHy) = e e | a3 -5.40 (£ 0.97)
~ N 16 TS9202.2 32.95 3.36
C
a&on(f Et,°O,fi CHy) = T 48 311 3.24 (+ 0.13)
15 TSrol.1 2404 | -4.99
N 7 TSrol.1 5519 | -2.65 ]
v (AEL N CHy) 16 TSwil.1 2111 | -2.35 3.97 (+1.92)
16 TSy2.1 2741 | -5.89
15 TSwn 1.1 13.47 6.91
N 15 TSwn 2.1 5.31 5.53
&on(f Et, i CH) 7 TSum 1 12.85 506 5.37 (£ 1.54)
7 TSwro2. 1 10.41 3.98
) N 16 TSynl.2 8122 | 4.46
a&w (synfi Et,°O,f CH) - %QN 5 6.856 =38 4.92 (+ 0.46)
N 16 TS9202.3 2.01 272
t
e @n(AEt'0) 16 R Taoe T 501 +2.37 (¢ 0.36)
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Table 162 Summary o f
their nomenclature;

convesyg i angd (dr westegciamdgotatioeal factors labels including:

an example of an O3 + Alkene TS structures the ag)/ @nsteric factor is derived from ;

the quantised numerical factor; whether FESP model 2 uses it for the ozonolysis chemistry of Alkene  19.

Os + Alkene Example awv/ caevalues Appliedto O 3

ot geericl.abel Alkene No TS (kJ mol %) + Alkene 197
3y (A Et,°O,n H) 15 TSwn2.2 -3.7 (£ 0.3) N
aon (7 Et, 0, i H) 15 TSw2.2 8.4 (+ 0.5) N
& (A Et,'O,i CH) 16 TSwn 2.2 -6.6 (+1.9) N
a&on (A Et,'O,1f CHg) 16 TSz01.2 6.3 (£ 1.0) Y
& (A Et,°O,i CH) 16 TSww2.2 -5.4 (£ 1.0) N
aon(f Et,°O,f CHy) 16 TSz02.2 3.2 (£ 0.1) Y
e (i Et, fi CHy) 15 TS701.1 -4.0 (£ 1.9) Y
aon(f Et, i CHy) 15 TSwm 1.1 5.4 (+ 1.5) Y
& (synfi Et,°0,f CH,) 16 TSw1.2 4.9 (£ 0.5) Y

aan aen(iiEt,'0) 16 TSvww2.3 2.4 (+0.4) Y (@®v& &

2 (1 EL,°0,0 H) 2 (1 EL 'O, CHy) 2 (1 EL,°0,0 CHy) 2@ (1 EL A CHy)
o i o2 i /,0‘ 1 o\ I
H o‘ b H/’f 1:3 /6 ?I/ lo “\3 2'/
sl ow, 473\56/--“\*' Hin gl [ o
. s "i1Y ¢ TH
H4CI/SCH3 \ H,C—CH, wich, HC ¢ 3
2 ™\ H CH, 2 TCH, ~—CH,
-8.4+0.5 -6.6+1.9 -54+1.0 -3.8+1.2
28on (1 EL,°0.A H) Son (NELO.ACH) | 22on (RELO.A CHy) Zon (NELA CHy)
- _ — - - . -
/,o‘ % o i 0;0\0 I SN i
o’ o] ' ; ! |
T ATEPERG Hy\3 20 WH Hnﬁ}f___i(’;/
l/l.c___hzl WCHs s oz 5 l C
‘7\ S H"% Hsc‘ HaC E¥%n,
5 =
I_I:C/CHQ, \H 4 TCH, i CH, 5| JCH:&
L - HZ L Hz h L CH3 h
3.7+20.3 6.3+1.0 3.2+0.1 5415
& (synfi Et, °O,M CHy) a@n_sn(f Et,'0)
A & N
(l’, ‘o o" o
Hin.¢? -2’/” HaG Clii—-fg..nm
4//SCH3 ™ (4\1 “
H,C 1CH3 ﬁz 1 CHj3;
49+05 +2.4+04

Figure 28: Steric Factors extracted from the Ozonolyses of Alkenes 2, 7, 15, & 16
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4.2.10 Apply Steric Factors to Inconsequential TS structures

In chapter 6 many different transition states applied different steric factors, but most only
applied one of the following: aaw (fi Et, i CHs), a&on(fi Et,fi CHs), aon(fi Et,'O) or aaw (i
Et,'0). However, a few transition states had other factors applied to them (TSz01.5, TSzo
2.5, TSynl.5 & TSynl.6) but their energies so high they make very little difference to the
overall chemistry and so were not fully described in the main body of the thesis . Thisis a

fuller description of those steric interactions seen in those minor transition states

The a&on(fi Et,'O,f CH) factor is only applies to one TS structure in the O 3 + Alkene 19
reaction, TSz0l.5, because the TSz01.5 structure (displayed in Table 6.18) incorporates
an unusual mixture of factors. The finPr group converging with the fi CH group with
increased proximity to the terminal oxygen of the 1,2,3 trioxolane segment and this raises
the energy of the TSz01.5 barrier significantly. The steric trap factor, agon(fi Et,°O,0
CH), is similar to this but it involves interaction with athe i nPr group converging with
the i CH; group with increased proximity to the central oxygen of the 1,2,3 trioxolane
segment instead. This is only applied sparingly for O 3 + Alkene 19, with those two
structures, TSz02.5 & TSsyn1.5, where the increased steric repulsion further raises
already high energy barriers. While these aon(fi Et,'O,f CHs) & azon(fi Et,°O,i CH) factors
have divergent equivalent in O 3 + Alkene 16, such a divergence does not appear for any of
the TS structures in Oz + Alkene 19 reaction.

Table 163: Steric changes for a variety TS structures of the O 3 + Alkene 19 reaction, t he changes in energy

that steric interaction causes ( a&rerig and the a Gros& 2 Grericvalues of those TSs. Gibbs Free energy values
in kJ mol .

Alkene O; + Alkene 19
TS Label TS9701.5 T%702.5 TSsynl.5 TSsyn 1.6
a&rericlabel | &gy (A EL, 'O, CHs) aon(A Et,“O,f CH) av (synii Et, °O,i CH)
oy | o4, |% N L A o 1%
\ ! \ ! (o] ) o !
H////,“ - 'I‘\\\\\"I |-I////,“ - 'I‘\\\\\H \‘“ II/.n H \“ __"lnl \H
Structure /° C\CH ! C/c~c o Hin - H“';c" N
H,C' CH, 3 2 CH, 3 H,C 4" XCH, H,C CH; CH
v/ \/ b N
H; H, H, H, i
& Gros -109.0 83.8 -84.9 -116.4
aericvalue 6.3 3.2 3.2 4.9
& Greric 83.7 87.1 -81.7 -85.8
Thel ast osferidfctoss is eeferred to as e (synfi Et,“O,f CHs) and only applies to

TSvwl.6 in the O3 + Alkene 19 reaction because it requires the cisfi CH; group restricting

thei nPr movement, while a syn-nPrCHOO species is forming. As shown irTable 6.18 TSsvn

1.6 involves a convergence of the fi nPr group and the central oxygen in the 1,2,3
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trioxolane segment and no divergent equivalent has either been identi fied or used in this

study, if one is even needed due to the unique nature of this factor.
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4.3 Relative Energies of Calculated Minima for O 3 + Z-2-hexene

Minima (kJ mof)

no n %t 9 N losis N Psas

Os+ Alkenel9Con 1 0.00 0.00 0.00 0.00

Os+ Alkenel9 Con 2 0.65 0.42 0.64 0.08

Os+ Alkenel9 Con 3 3.18 3.47 3.51 3.01

Os+ Alkenel9 Con 4 15.82 16.27 16.32 16.89
POZ 1.1 -259.29 -241.46 -246.64 -189.41
POZ 1.2 -255.47 -237.42 -242.64 -185.79
POZ 1.3 -253.57 -235.24 -240.82 -181.99
POZ1.4 -255.25 -237.65 -242.79 -185.37
POZ 1.5 -245.23 -226.31 -232.07 -171.86
POZ 1.6 -252.01 -233.92 -239.27 -180.55
POZ 1.7 -262.83 -245.38 -250.43 -193.73
POZ 1.8 -258.61 -240.98 -246.22 -189.08
POZ 1.9 -260.24 -242.39 -247.55 -191.15
POZ 2.1 -257.36 -239.92 -245.11 -187.73
POZ 2.2 -253.40 -235.72 -240.93 -183.91
POZ 2.3 -249.70 -232.44 -237.50 -179.90
POZ 2.4 -249.82 -232.10 -237.47 -179.18
POZ 2.5 -240.26 -221.84 -227.49 -167.87
POZ 2.6 -243.90 -225.98 -231.34 -173.65
POZ 2.7 -260.49 -243.21 -248.44 -191.26
POZ 2.8 -255.20 -237.87 -243.17 -186.51
POZ 2.9 -258.33 -240.72 -246.04 -189.13
CHCHO +Anti-nPrCHOO Con 1 -258.70 -260.03 -259.47 -262.83
CHCHO +Anti-nPrCHOO Con 2 -261.03 -262.67 -261.96 -265.20
CHCHO +Anti-nPrCHOO Con 3 -261.47 -263.03 -262.51 -265.50
CHCHO +Anti-nPrCHOO Con 4 -261.72 -263.80 -263.20 -265.64
CHCHO +Anti-nPrCHOO Con 5 -260.92 -262.67 -262.25 -264.18
CHCHO SyrnPrCHOO Con 1 -258.70 -260.03 -259.47 -262.83
CHCHO SyrnPrCHOO Con 2 -261.03 -262.67 -261.96 -265.20
CHCHO SyrnPrCHOO Con 3 -261.47 -263.03 -262.51 -265.50
CHCHO SyrnPrCHOO Con 4 -261.72 -263.80 -263.20 -265.64
CHCHO SyrnPrCHOO Con 5 -260.92 -262.67 -262.25 -264.18
Anti-CHCHO + nPrCHOO Con 1 -262.81 -264.57 -264.29 -266.73
Anti-CHCHO + nPrCHOO Con 2 -262.63 -264.01 -263.95 -265.60
Anti-CHCHO + nPrCHOO Con 3 -260.06 -261.45 -260.96 -264.50
Anti-CHCHO + nPrCHOO Con 4 -260.34 -261.77 -261.48 -264.57
Anti-CHCHO + nPrCHOO Con 5 -255.56 -256.74 -256.19 -261.32
synCHCHO + nPrCHOO Con 1 -277.66 -278.59 -278.98 -280.43
synCHCHO + nPrCHOO Con 2 -277.48 -278.03 -278.65 -279.29
synCHCHO + nPrCHOO Con 3 -274.91 -275.47 -275.65 -278.19
synCHCHO + nPrCHOO Con 4 -275.19 -275.79 -276.17 -278.26
synCHCHO + nPrCHOO Con 5 -270.41 -270.76 -270.89 -275.02
TSanti 1.8 -187.12 -178.27 -182.80 -126.39
TSsyn 1.8 -171.70 -161.77 -166.70 -109.02
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4.4 Use of FESP models 2 & 3 for O3 + Z-2-hexene

MESMER calculations of FESP model 2 & &e mostly found in the main body of the Thesis

the steric and empirical factors ( a&teric& a&wvp) is covered in the Table below:

Table 164: Applying the steric and empirical factors (  &&rerick

e@®) to the Projected relative Gibbs Free

energy (e Gro) to produce steric and empirically adjusted relative Gibbs Free energy (  aGsteric®&  Gavd
POZ TS k?]er(iz(lj?l Steric factor applied renc | ai?TrﬁFglcl | =G
POz | TSz0l2 54.25 & (7 Et,fi CHy) -3.97 | 50.28 47.69
12 TSwnl.2 -120.79 aw (N Et,i CHy) -3.97 | -124.76 | -127.35
' TSwn2.2 -116.62 awv (N Et,N CHy) -3.97 | -120.59 | -123.18
POz | TS20l3 58.05 a&on(fi Et,A CHy) 5.37 63.42 60.84
13 TSwml.3 -116.99 a&on(f Et,i CH) 5.37 -111.62 | -114.21
' TSwn2.3 -112.82 aon(f Et, i CHy) 5.37 -107.45 | -110.04
PO7 TSz01.5 77.33 aon(f Et,'O,i CH) 6.32 83.65 81.07
15 TSwml.5 -103.84 a&on(f Et,i CH) 5.37 -98.47 -101.05
' TSwn2.5 | -110.64 @@ (A Et, A CH) -3.97 | -114.61 [ -117.20
POz | TS0701.6 68.63 aon(f Et,'0) 2.37 71.00 68.42
16 TSwml.6 -112.53 aw (i Et,'0) -2.37 | -11490 | -117.49
! TSwn2.6 | -119.33 a&on(fi Et,'0) 2.37 | -116.96 | -119.55
poz | TSoz0l8 52.08 a&on(fi Et,'0) 2.37 54.45 51.86
18 TSwml1.8 -121.64 aw (i Et,'0) -2.37 | -124.01 | -126.60
' TSwm2.8 -122.06 aw (i Et,'0) -2.37 | -124.43 | -127.02
POZ TS201.9 50.01 - - 50.01 50.01
19 TSwm1.9 -123.72 & (A Et,i CH) -3.97 | -127.69 | -130.28
' TSwm2.9 -124.13 & (A Et,i CH) -3.97 | -128.10 | -130.69
poz | TSz02.2 62.58 s (i Et, A CH) -3.97 | 58.61 56.02
20 TSwl.2 -107.07 & (A Et,i CH) -3.97 | -111.04 | -113.63
' TSw2.2 -111.29 - - -111.29 | -111.29
poz | 92023 66.59 a&on(fi Et, i CHy) 5.37 71.96 69.37
b3 | TSwl3 | -103.06 aon(fi Et, i CHy) 5.37 | -97.69 | -100.28
' TSw2.3 -107.28 - - -107.28 | -107.28
POz | T9202.5 83.84 aon(f Et,°0,fi CH) 3.24 87.08 84.49
Iy TSwl.5 -84.90 aon(f Et,°0,fi CHy) 3.24 | -81.66 | -84.25
' TSw2.5 -95.72 a&on(f Et,Ai CH) 5.37 -90.35 -92.94
POZ TS202.6 78.06 aon(A Et,'O) 2.37 80.43 77.84
he | TSwl.6 -90.68 s (syni Et,°O,ACH) | 4.92 | -85.76 | -88.35
' TSv2.6 -101.50 aon(A Et,'O) 2.37 -99.13 -101.72
POZ T$202.8 59.12 aon(f Et,'O) 2.37 61.49 58.91
28 TSwl1.8 -108.60 aon(fi Et,'O) 2.37 | -106.23 | -108.81
' TSv2.8 -110.02 av (i Et,tO) -2.37 -112.39 -114.97
POZ TS202.9 56.50 - - 56.50 56.50
29 TSwwl1.9 -111.22 av (A Et,A CH) -3.97 | -115.19 | -117.78
' TSyn2.9 -112.64 - - -112.64 -112.64
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4.4.1 Impacts of inputting calculated  aGrHeo (TS) values and imaginary

frequencies

During Chapter 6 of the Thesis, the rate constants and product branching fractions for Os +
Alkene 19 was calculated using FESP Models 43 only projected values for the TS

structures and the Eckart function was derived using the imaginary frequencies from the
respective TSs in the Os; + Alkene 16 reaction. Two further derivatives of model 3 have

also been adopted. Model 3a uses the computational 8&GrHeo (TS), -126.39 & -109.02 kJ
mol?, to derive an adjusted aZPE ¢178.27 & -161.77 kJ mol™) of TSanr1 1.8 and TSsyn1.8.
The yields had only negligible changes, as shown in Table 6.15, and did not have a
significant overall effect on the different yields. This helps to verify the reliability of

Model 3.

Table 165: A comparison of models 1-3b in the effective way of calculating product yields and Eckart
functions with grain size 50 -60 cm™.

Models G(ain TSam 1.8 TSvn1.8 Overall
Slze Hors Brros Hors Brroy Banti- nPrcHOO Esyn—nPrCHOO
1 60 -121.64 0.058 -108.60 | 0.004 0.455 0.031
2 60 -124.01 0.069 -106.23 | 0.001 0.480 0.025
3 60 -126.60 0.081 -108.81 | 0.003 0.478 0.032
3a 50 0.080 0.001 0.482 0.028
3b 50 -126.39 0.078 -109.02 5603 0.472 0.035

For models 1-3a, the imaginary frequencies used for TS ant1 1.8 and TSsyn 1.8 were the
respective imaginary frequencies of Z-2-pentene, TSanmi 1.3 (-442.19 cm™) and TSsyn1.3 (-
462.01 cmY). Model 3b, uses the imaginary frequencies of TS anmi 1.8 (-443.08 cm™) and
TSvww1.8 (-467.61 cm™), which have been calculated using the optimised structures for Qs
+ Z-2-hexene instead. As shown in table 6.15, this change in imaginary frequ encies causes
only negligible changes in Bemr This helps to verify that the use of the imaginary
frequencies of Z-2-pentene compared to the actual imaginary frequency, in these Eckart
functions, has negligible impact. Therefore, use of the imaginary frequencies is for models
1-3 is much more likely to produce reliable Eckart functions and therefore reliable product

yields.
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4.5 Rate Constants for All Three FESP Models

4.5.1 FESP Model 1 for O3 + Z-2-hexene

Table 166: Canonical Rate constants (Kcan for FESP Model 3, breakdown by Transition State across a variety of Temperatures

T (K) Kue Total Kean | TSooll | TSo%01.2 | TS9%1.3 | TSl4 | TS9015 | TS9%16 | TSl7 | TS9ol8 | TSorol.9
9.78E17 | 1.11E17 | 1.13E18 | 2.58E20 | 0.00E+00 | 1.43E21 | 6.53E16 | 2.49E17 | 1.38E16

200 9.59E16 | 9.46E16 | TS902.1 | TS902.2 | TS9202.3 | TS24 | TS9025 | TS902.6 | TS902.7 | T902.8 | TSo02.9
8.97E19 | 8.98E20 | 8.06E21 | 4.16E22 | 4.61E25 | 1.49E23 | 1.41E17 | 8.12E19 | 3.92F18

T (K) Kue Total Kean | TSooLll | TS%01.2 | TS9%1.3 | TS9%l4 | TS9%015 | TS9%016 | TSl7 | TS9l8 | TShol.9
2.72E16 | 5.60El7 | 1.06E17 | 6.79E19 | 0.00E+00 | 8.14E20 | 1.09E15 | 7.26E17 | 3.53E16

275 2.02E15 | 1.95E15 | TS902.1 | TS902.2 | TS9202.3 | TS%%02.4 | TS9025 | TS902.6 | TS902.7 | T902.8 | TSo02.9
8.18E18 | 1.53E18 | 2.66E19 | 2.25E20 | 1.59E22 | 1.99E21 | 5.63E17 | 7.05E18 | 2.22E17

T (K) Kue Total Kean | TSooLll | TSo%012 | TS9%01.3 | TS%l4 | TS9%015 | TS9%016 | TSml7 | TS9l8 | TSol.9
3.48E16 | 8.10E17 | 1.75E17 | 1.38E18 | 0.00E+00 | 1.93E19 | 1.26E15 | 9.26E17 | 4.44E16

298 2.48E15 | 2.39E15 | TS902.1 | TS902.2 | TS9202.3 | TS%02.4 | TS9025 | TS902.6 | TS902.7 | T902.8 | TS02.9
1.34E17 | 2.85E18 | 5.65E19 | 5.29E20 | 5.49E22 | 5.66E21 | 7.76E17 | 1.14E17 | 3.28E17

T (K) Kue Total Kean | TSooLll | TS%0l.2 | TS9%o13 | TSo%l4 | TS9%015 | TS9%016 | TSml7 | TS9l8 | TSwol.9
452E16 | 1.19E16 | 291FE17 | 2.84E18 | 0.00E+00 | 4.62E19 | 1.48E15 | 1.19E16 | 5.69E16

325 3.11E15 | 2.98E15 | 799021 | TS9702.2 | TS9702.3 | TS9202.4 | TS9025 | TS902.6 | T9902.7 | T902.8 | TS002.9
221E17 | 5.36E18 | 1.22E18 | 1.26E19 | 1.91E21 | 1.62E20 | 1.09E16 | 1.87E17 | 4.94E17

T (K) Kue Total Kean | TSooLll | TS%0l.2 | TS9%o1.3 | TSo%l4 | TS9%015 | TS9%16 | TSoml7 | TS9ol8 | TSool.9
8.41E16 | 2.84E16 | 9.06E17 | 1.36E17 | 0.00E+00 | 3.00E18 | 2.24E15 | 2.12E16 | 1.03E15

400 5.53E15 | 5.22E15 | TS902.1 | TS902.2 | TS9202.3 | TS%%024 | TS9025 | TS902.6 | TS902.7 | T902.8 | TS02.9
6.78E17 | 2.14E17 | 6.43E18 | 8.18E19 | 2.72E20 | 1.55E19 | 2.35E16 | 5.65E17 | 1.24E16

210



4.5.2 FESP Model 2 for O3 + Z-2-hexene

Table 167: Canonical Rate constants (Kcan for FESP Model 3, breakdown by Transition State across a variety of Temperatures

T (K) Kue Total Kean | TSozol.l | TSor0l.2 | TSoz0l.3 | TSorol4 | TS901.5 | TS901.6 | TSo0l.7 | TS901l.8 | TSozol.9
9.78E17 | 1.21E16 | 4.49E20 | 2.58E20 - 1.06E22 | 6.53E16 - 1.38E16

200 1.03615 | 1.03E15 | TS902.1 | T992022 | T992023 | T992024 | 79025 | 79026 | 799027 | 799028 | TSo02.9
8.94E19 | 9.78E19 | 3.19E22 | 4.16E22 | 6.56E26 | 3.58E24 | 1.41E17 | 1.94E19 | 3.92E18

T (K) Kue Total Kean | TSorol.l | TSo0l.2 | TSoz0l.3 | TSoold | TS901.5 | TS901.6 | TSo%0l.7 | TS901.8 | TSozol.9
2.72E16 | 3.18E16 | 1.02E18 | 6.79E19 - 6.70E21 | 1.09E15 - 3.51E16

275 213E15 | 2.13E15 | TS9021 | 7992022 | T992023 | T99024 | 7992025 | T99026 | T9902.7 | T9902.8 | TSo02.9
8.16E18 | 8.71E18 | 2.54E20 | 2.25E20 | 3.86E23 | 7.08E22 | 5.63E17 | 2.49E18 | 2.22E17

T (K) ke Total kean | TSozol.l | TSo0l.2 | TSo0l.3 | TSomol4 | TS9015 | TS901.6 | TS0l.7 | TSo01l.8 | TSozol.9
3.48E16 | 4.02E16 | 2.00E18 | 1.38E18 - 1.61E20 | 1.26E15 - 4.41E16

298 2.60E15 | 2.60E15 | TS902.1 | T992022 | T92023 | 799024 | 799025 | 799026 | 799027 | T9202.8 | TSo02.9
1.33E17 | 1.41E17 | 6.47E20 | 5.29E20 | 1.48E22 | 2.17E21 | 7.76E17 | 4.37E18 | 3.28E17

T (K) ke Total Kean | TSozol.l | TSoz0l.2 | TSoz0l.3 | TSomol4 | TS901.5 | TS901.6 | TSo0l.7 | TSo01l.8 | TSozol.9
452E16 | 5.17E16 | 3.99E18 | 2.84F18 - 3.88E20 | 1.48E15 - 5.63E16

325 3.24E15 | 3.23E15 | TS902.1 | 799022 | T992023 | 799024 | 799025 | 799026 | 799027 | T9902.8 | TS002.9
221E17 | 2.33E17 | 167E19 | 1.26E19 | 5.76E22 | 6.75E21 | 1.09E16 | 7.76E18 | 4.94E17

T (K) Kue Total Kean | TSor0Ll.l | TSool.2 | TSomol.3 | TSomol4d | TS9015 | TS901.6 | TS9l.7 | TS90l.8 | TSozol.9
8.41E16 | 9.37E16 | 1.80E17 | 1.36E17 - 251E19 | 2.24E15 - 1.00E15

400 5.60E15 | 5.58E15 | TS9202.1 | 7992022 | T992023 | TS9024 | 7992025 | T99026 | 799027 | T99202.8 | TS002.9
6.77E17 | 7.08E17 | 1.28E18 | 8.18E19 | 1.03E20 | 7.59E20 | 2.35E16 | 2.76E17 | 1.24E16
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4.5.3 FESP Model 3for O3 + Z-2-hexene

Table 168: Canonical Rate constants (Kcan for FESP Model 3, breakdown by Transition State across a variety of Temperatures

T (K) Kme Total Kean | TSoz01.1 | TSH01.2 TS2013 | TSz01.4 TSz201.5 TS201.6 | TSz01.7 TS201.8 | TSHz01.9
9.93E17 5.81E16 2.17E19 2.64E20 0.00E+00 1.55E21 6.63E16 3.66E17 1.40E16

200 1.53E15 1.55E15 TS702.1 | TSz02.2 TS02.3 | TSz02.4 TS7202.5 TS7202.6 | TSz02.7 TS202.8 | TS702.9
9.15E19 4.75E18 1.56E21 4.25E22 3.20E25 1.75E23 1.44E17 9.43E19 4.00E18

T (K) Kme Total Kean | TSoz01.1 | TSH01.2 TS2013 | TSz01.4 TSz201.5 TS201.6 | TSz01.7 TS201.8 | TSHz01.9
2.74E16 9.89E16 3.17E18 6.85E19 0.00E+00 | 7.82E20 1.10E15 1.08E16 3.54E16

275 2.98E15 2.95E15 TS202.1 | TSHz02.2 TS202.3 | TSz02.4 TS7202.5 TS7202.6 | TSz02.7 TS202.8 | TS702.9
8.25E18 2.73E17 7.97E20 2.27E20 1.21E22 2.23E21 5.67E17 7.81E18 2.24E17

T (K) Kme Total kKean | TSoz01.1 | TSHz01.2 TS2013 | TSo1.4 TS7201.5 TS201.6 | TSHz01.7 TS201.8 | TSHz01.9
3.49E16 1.14E15 5.71E18 1.39E18 0.00E+00 1.80E19 1.27E15 1.38E16 4.44E16

298 3.58E15 3.53E15 TS702.1 | TSz02.2 TS02.3 | TSz02.4 TS7202.5 TS7202.6 | TSz02.7 TS202.8 | TS702.9
1.34E17 4.06E17 1.86E19 5.33E20 4.27E22 6.25E21 7.80E17 1.25E17 3.30E17

T (K) Kme Total Kean | TSoz01.1 | TSHz01.2 TS2013 | TSo1.4 TS7201.5 TS201.6 | TSHz01.7 TS2018 | TSHz01.9
4.54E16 1.35E15 1.04E17 2.85E18 0.00E+00 | 4.17E19 1.49E15 1.79E16 5.65E16

325 4.40E15 4.31E15 TS7202.1 | TSH5z02.2 TS202.3 | TSz02.4 TS7202.5 TS7202.6 | TSz02.7 TS202.8 | TS702.9
2.22E17 6.12E17 4.39E19 1.27E19 1.52E21 1.78E20 1.09E16 2.04E17 4.96E17

T (K) Kme Total Kean | TSoz01.1 | TSHz01.2 TS2013 | TSHo1.4 TS7201.5 TS201.6 | TSHz01.7 TS201.8 | TSHz01.9
8.43E16 2.04E15 3.93E17 1.37E17 0.00E+00 | 2.51E18 2.24E15 3.22E16 1.00E15

400 7.41E15 7.15E15 TS7202.1 | TSHz02.2 TS023 | TSz02.4 TS7202.5 TS7202.6 | TSz02.7 TS202.8 | TS702.9
6.80E17 1.55E16 2.80E18 8.21E19 2.25E20 1.66E19 2.36E16 6.04E17 1.24E16
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6.0 Cartesian Coordinates And IRCsfor Chapter 3:

Ozonolysis of Alkenes

6.1 Reactants

6.1.1 Ozone

Compound: GOs

Energy (kJ mol = -225.232118853147
1y.
):

Reaction Coordinates:

8 -0.000000 0.000000 0.429077

8 0.000000 1.077304 -0.214539

8 -0.000000 -1.077304 -0.214539

Frequencies (cm ™):
745.8860, 1189.8635, 1249.1307

6.1.2 Alkenes

Compound: 1-Propene (Alkene 1)

Energy (kJ mol - -117.734202583006
1y.
):

Reaction Coordinates:

Frequencies (cm *):

6 -1.230938 0.162150 0.000000 204.9479 , 425.8636 , 592.517 ,
6 0.133754 - 0.452181 0.000000 924.196 , 947.717 , 950.3007 ,
6 1.278183 0.219838 0.000000 1027.4886 , 1075.0243 , 1192.5587 ,
1 2.233452 -0.287527 0.000000 1330.7287 , 1409.8921 , 1452.5855 ,
1 1.300084 1.303347 0.000000 1479.5898 , 1494.4211 , 1708.0283 ,
10.166634 -1.537973 0.000000 3014.1612 , 3054.976 , 3090.0181 |,
1 -1.180079 1.250999 - 0.000004 3122.2949 , 3128.6327 , 3208.6582
1 -1.803043 -0.153849 -0.876177
1 -1.803039 -0.153842 0.876181
Compound: 1-Butene con 1 (Alkene 2) Energy (kJ mol -~ -156.990868091369
1y\.
):
Reaction Coordinates: Frequencies (cm ™):
6 -0.536459 -0.517092 0.305759 109.5259 , 228.1782 , 317.2718 ,
6 0.720848 0.298931 0.330086 433.7871 , 654.5041 , 797.6579 ,
6 1.858817 -0.019671 -0.274312 857.8692 , 950.0516 , 991.6019 ,
11.960541 -0.935339 -0.845149 1019.2921 , 1035.3656 , 1095.9436 ,
12.729712 0.619667 -0.219444 1201.3788 , 1291.9326 , 1324.9038 ,
10.667703 1.230181 0.888931 1347.1325 , 1409.6417 , 1459.0333 ,
6 -1.728322 0.242406 - 0.290499 1483.6329 , 1498.3084 , 1506.7266 ,
1 -2.633603 -0.365138 -0.259588 1703.7339 , 3001.7445 , 3024.8565 ,
1 -1.925489 1.162189 0.263200 3045.1892 , 3085.1411 , 3091.1432 ,
1 -1.537492 0.514803 -1.329163 3111.3755 , 3126.3992 , 3207.0069
1 -0.363084 -1.438686 -0.254199
1 -0.787596 -0.815119 1.329209
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Compound: 1-Butene con 2 (Alkene 2)

Energy (kJ mol = -156.990759930222

1).
Reaction Coordinates: Frequencies (cm ™):
6 0.638811 0.717833 0.000002 160.259 , 257.6184 , 275.4325 ,
6 -0.854431 0.555674 - 0.000001 547.3184 , 564.6587 , 805.1812 ,

6 -1.533105 -0.585545 0.000001

1 -1.044066 -1.550718 0.000003

1 -2.614680 -0.591931 - 0.000001
1 -1.413272 1.487408 - 0.000005

6 1.454633 -0.570783 -0.000001
12521758 -0.347745 0.000001
11.242067 -1.177482 0.881388
11.242069 -1.177476 -0.881395

1 0.915341 1.327440 - 0.867565
1 0.915339 1.327437 0.867571

837.0941 , 947.1934 , 998.2798 ,
1032.782 , 1038.5949 , 1110.213 ,

1146.5461 , 1293.5114 , 1334.6517 ,
1381.0385 , 1411.6583 , 1456.0652 ,
1475.7496 , 1499.0556 , 1508.9344 ,

1703.3793 , 2995.8815 , 3008.4799 ,
3029.2014 , 3087.4202 , 3091.1398 ,
3117.9322 , 3140.3888 , 3214.7309

Compound: 3-methyl-1-Butene con 1
(Alkene 3)

Energy (kJ mol - -196.250016454020

1).

Reaction Coordinates:

6 -0.369797 -0.000000 -0.307860
6 0.949413 -0.000003 0.412744

6 2.145751 -0.000001 -0.161515
1 3.056614 -0.000003 0.422167

1 2.257390 0.000004 -1.239614
10.886880 -0.000008 1.499171

- 0.165906 0.000000 -1.382726
-1.174768 -1.264206 0.028387
-0.628045 -2.165889 -0.248287
-1.387431 -1.316605 1.098771
-2.129533 -1.267701 - 0.500422
-1.174763 1.264209 0.028389

- 0.628035 2.165890 - 0.248285
-2.129527 1.267709 - 0.500419
- 1.387425 1.316608 1.098773

RPRRORRRLROR

Frequencies (cm ™):

98.8235, 222.6742, 239.6225,
313.4523, 321.4543 347.0894,
504.5264, 697.5098 801.1446,
930.7808, 932.2227, 951.0227,
963.7819, 1007.3587, 1036.2437,
1115.241, 1185.2275, 1218.5117,
1322.1315 1337.3236, 1342.1606,
1396.8721, 1416.4007, 1461.1698
1488.9058 1489.881, 1501.9278
1510.7555, 1701.7048 3009.9448
3016.5794, 3020.9294, 3073.2624
3079.7035, 3090.4561, 3091.8414
3102.8104, 3125.4857, 3205.8722

Compound: 3-methyl-1-Butene con 2
(Alkene 3)

Energy (kJ mol - -196.249609684300
1y.
):

Reaction Coordinates:

6 0.471638 -0.018352 -0.417232
6 -0.896450 -0.628921 -0.257404
6 -1.985773 -0.052916 0.237060
1 -2.918762 -0.595435 0.310334

1 -1.994966 0.971569 0.584568

1 -0.966572 -1.663115 -0.585257
10.708452 -0.064473 -1.487926
6 0.562071 1.443577 0.017004

1 -0.142226 2.070983 -0.530164
1 0.352517 1.552418 1.083076

1 1.565193 1.831589 -0.163949
61. 521043 -0.879191 0.306284

11.478788 -1.918362 -0.023504
12528122 -0.506270 0.113506
11.354279 -0.864087 1.385038

Frequencies (cm %):

114.6497, 235.0579, 260.5161,
286.8624, 350.9344, 382.2605,
539.2118, 674.5589, 781.4482,
923.1806, 932.5024, 950.0535,
969.3309, 1033.2886, 1043.7479,
1117.0369 1154.9103 1207.1747,
1319.3983 1339.8844, 1369.4212
1399.9641, 1416.4501, 1457.613
1490.4591, 1493.7712 1503.9212
1513.9373 1699.5984, 2972.0167,
3019.9562, 3025.481, 3080.4557,
3084.0765, 3086.0992 3090.2351,
3110.3928, 3140.0824, 3214.3701
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Compound: 3,3-dimethyl -1-Butene (Alkene | Energy (kJ mol = -235.509880163998
4) h:

Reaction Coordinates: Frequencies (cm ™):

6 -0.351150 -0.001909 -0.000000 104.7515 , 226.713 , 264.1669 ,

6 1.009060 0.660323 0.000000 285.0811 , 291.744 , 314.8559 ,

6 2.201853 0.078085 0.000000 350.0099 , 385.3784 , 402.5624 ,

1 2.326643 -0.996421 -0.000000 526.5443 , 699.9181 , 714.1615 ,

1 3.108508 0.668311 - 0.000000 883.0131 , 927.0951 , 938.5748 |,

1 0.969826 1.747386 0.000000 951.0736 , 963.7101 , 1016.7692 ,

6 -1.115401 0.467384 - 1.254902 1039.6134 , 1050.5989 , 1091.827 ,

1 -2.127636 0.058245 -1.262419 1222.6682 , 1231.8623 , 1291.626 ,

1 -1.193783 1.555680 -1.284174 1341.9136 , 1395.8354 , 1399.3707 ,

1 -0.609550 0.142645 - 2.165026 1423.351 , 1457.8098 , 1481.69 25,

6 -0.262357 - 1.531765 0.000002 1488.1651 , 1491.7312 , 1504.8251 ,

1 -1.263343 -1.965983 0.000003 1504.9522 , 1522.0759 , 1697.4588 |,

10.260348 -1.901743 -0.883122 3016.3606 , 3019.0744 , 3027.0225 ,

10.260348 -1.901740 0.883127 3076.5819 , 3080.1217 , 3085.1923 ,

6 -1.115403 0.467388 1.254900 3085.4136 , 3089.3936 , 3089.6833 ,

1 -2.127638 0.058248 1.262417 3104.2194 , 3139.7976 , 3213.9846

1 -0.609553 0.142651 2.165025

1 -1.193785 1.555684 1.284168

Compound: Methyl Vinyl Ketone (Alkene 5) Energy (kJ mol = -230.947246392397
Con1 h:

Reaction Coordinates: Frequencies (cm ™):

6 -1.745082 -0.601228 0.000001 91.2067 , 125.0188 , 267.7951 ,

6 -0.443184 0.165775 - 0.000002 416.1738 , 459.9243 , 601.345 ,

6 0.804450 -0.656380 - 0.000002 686.5542 , 778.0401 , 959. 5856,

6 2.012398 -0.101726 0.000001 1019.3789 , 1027.227 , 1047.4258 ,

12913228 -0.699634 0.000002 1085.647 , 1196.2019 , 1329.7897 ,

12117137 0.975614 0.000003 1385.1429 , 1439.4219 |,

10.689509 -1.734043 -0.000003 1464.5645 , 1474.0063 |,

8 -0.413644 1.379339 - 0.000000 1667.5026 , 1764.2385 |,

1 -2.586099 0.086258 - 0.000007 3025.0855 , 3075.4149 ,

1 -1.798052 -1.250785 -0.877062 3139.8447 , 3141.3414 ,

1 -1.798056 -1.250767 0.877077 3155.0215 , 3231.2254

Compound: Methyl Vinyl Ketone (Alkene 5) Energy (kJ mol -~ -230.948123255856
Con 2 h:

Reaction Coordinates: Frequencies (cm ™):

6 0.862592 1.290436 0.000000 115.3929 , 125.8373 , 279.3674 ,

6 0.541735 -0.188772 -0.000000 434.0748 , 492.6237 , 538.0067 |,

6 -0.876762 -0.629762 0.000000 701.2258 , 760.6503 , 946.7066 |,

6 -1.935118 0.176610 - 0.000000 997.4841 , 1043.5912 , 1051.9594 |,

1 -2.941959 -0.218702 0.000000 1075.0319 , 1271.0386 |,

1 -1.840063 1.254225 -0.000001 1311.8244 , 1390.2797 |,

1 -0.997314 -1.706492 0.000002 1448.5287 , 1473.5799 ,

8 1.425408 -1.024458 -0.000000 1479.6845 , 1681.4643 |,

11.941376 1.417331 - 0.000003 1740.3039 , 3036.7015 |,

1 0.440003 1.779118 - 0.879457 3090.9528 , 3141.4545 ,

1 0.440009 1.779115 0.879462 3142.9025 , 3164.6944 , 3223.3275

Compound:  2-methyl -2-Butene (Alkene

6)

Energy (kJ mol = -196.253938354277

1)_

Reaction Coordinates:

_1).

Frequencies (cm
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6 -0.624503 1.452410 0.000000

6 -0.447140 -0.041432 -0.000000
6 0.730526 - 0.670603 0.000000
10.707689 - 1.757034 0.000000

6 2.106934 - 0.077806 0.000000
12.671834 -0.409494 0.875668
12.671834 -0.409494 -0.875668
12.106436 1.010167 - 0.000000

6 -1.736975 -0.818574 0.000000

1 -1.562432 -1.893791 0.000000

1 -2.343659 -0.571524 0.876361

1 -2.343659 -0.571524 -0.876361
1 0.315041 1.998972 - 0.000000

1 -1.198069 1.769879 - 0.875725

1 -1.198068 1.769879 0.875725

119.287 ,
265.3825
457.0872
832.394
1018.083 ,

142.8596 |,
296.142

184.9092 ,
384.9177
527.2405 , 770.054 ,
957.7479 , 968.7794 ,
1066.3741 , 1068.8734 ,
1105.8277 , 1129.4731 , 1234.5111 ,
1376.8706 , 1411.2291 , 1415.4366 ,
1423.97 , 14729828 , 1481.779 ,
1483.9397 , 1492.3166 , 1496.9433 ,
1498.3233 , 1733.8621 , 3003.315 ,
3010.4859 , 3012.6748 , 3040.3203 ,
3044.1971 , 3044.5477 , 3095.0622 ,
3099.7183 , 3115.5834 , 3123.0159

Compound: 2-methyl-2-pentene (Alkene 7) Energy (kJ mol -~ -235.510710308254
conl h:

Reaction Coordinates: Frequencies (cm ™):

6 -1.520310 0.221336 - 0.523304 51.8385 , 134.0678 , 155.563 ,

6 -0.234286 -0.525718 -0.322966 211.3092 , 213.2614 , 306.3294 ,

6 0.979796 -0.045824 -0.041200 360.6327 , 413.2072 , 486.1891 ,

6 2.155079 -0.971745 0.130221 512.7563 , 751.3242 , 825.2312 ,

12945285 -0.739424 -0.590032 864.3378 , 915.4111 , 962.8715 ,

12599420 -0.861198 1.123880 1013.2655 , 1020.6581 , 1082.2278 |,

11871746 -2.015220 -0.001392 1094.991 , 1105.6605 , 1141.043 ,

6 1.312561 1.411770 0.128122 1231.6042 , 1293.7294 , 1338.8625 |,

11.755509 1.590707 1.112078 1390.3168 , 1407.4913 , 1412.798 ,

12.060720 1.721688 - 0.607412 1421.2303 , 1473.0816 , 1479.5445 |,

1 0.451197 2.066543 0.024353 1490.5559 , 1492.0726 , 1497.0068 |,

1 -0.327786 -1.605616 -0.414792 1498.9707 , 1507.1527 , 1728.9667 |,

1 -1.363805 1.298498 - 0.469677 2997.3477 , 3003.3894 , 3011.1735 ,

1 -1.892183 0.018473 -1.533586 3022.168 , 3040.5651 , 3044.3677 ,

6 -2.603355 -0.188153 0.484308 3062.2916 , 3084.0155 , 3087.4197 ,

1 -3.543315 0.327818 0.282390 3094.8892 , 3103.9654 , 3119.1194

1 -2.795928 -1.261654 0.438934

1 -2.297778 0.049388 1.504166

Compound: 2-methyl-2-pentene (Alkene 7) Energy (kJ mol -~ -235.503965311762
con 2 h:

Reaction Coordinates: Frequencies (cm ™):

6 -1.587139 -0.824293 -0.000001 49.3885 , 126.9372 , 178.6736 ,

6 -0.081647 -0.918267 -0.000000 240.3712 , 261.9161 , 312.6675 ,

6 0.912688 -0.025175 0.000000 336.2853 , 394.4681 , 465.0377 ,

6 2.343751 - 0.505934 0.000002 618.9179 , 748.0852 , 774.9348 ,

12.410754 -1.592876 0.000003 878.4081 , 891.3665 , 960.6299 |,

12.881410 -0.131116 -0.876192 1023.4086 , 1032.3807 , 1075.0986 |,

12.881410 -0.131114 0.876194 1104.4448 , 1111.0341 , 1145.5448 |,

6 0.803464 1.476984 0.000000 1214.3884 , 1313.6081 , 1377.6798 ,

11.315239 1.889798 0.874584 1398.9989 , 1410.8834 , 1420.1532 ,

11.315248 1.889799 - 0.874579 1427.8634 , 1474.1226 , 1477.3024 ,

1 -0.212815 1.848888 - 0.000005 1485.5748 , 1492.4022 , 1499.7359 ,

10.238029 -1.958104 0.000000 1510.3612 , 1515.345 , 1731.9196 ,

1 -1.939778 -1.398553 -0.864851 2985.1506 , 2994.8608 , 3002.3228 |,

1 -1.939779 -1.398552 0.864850 3010.713 , 3030.2095 , 3038.2199 ,

6 -2.299938 0.526588 - 0.000002 3040.7653 , 3082.8631 , 3091.5868 ,

1 -3.379324 0.3 66789 -0.000002 3096.9833 , 3101.0623 , 3177.4209

229



1 -2.0587351.117812 0.883316
1 -2.0587341.117811 - 0.883319

Compound: 2,4-dimethyl -2-pentene (Alkene

8)conl

Energy (kJ mol = -274.769873729866
1y.
):

Reaction Coordinates:

Frequencies (cm ™).

6 -1.247137 0.237315 -0.000023 40.2249 , 121.1126 , 149.4513 ,
6 0.055240 -0.516336 0.000036 199.6047 , 207.6406 , 226.1775 ,
6 1.304219 -0.044270 0.000000 255.9976 , 301.8987 , 397.8943 ,
6 2.483373 -0.981511 0.000076 400.2782 , 449.0185 , 504.6168 |,
13.116709 -0.814425 -0.876310 514.9 766, 806.8098 , 857.8554 ,
13.116702 -0.814291 0.876442 875.9431 , 929.9461 , 952.8705 ,
12171798 -2.025197 0.000155 960.5746 , 964.6545 , 1019.0613 ,
6 1.676813 1.413854 - 0.000112 1088.314 , 1105.6218 , 1114.5094 ,
12.287634 1.652389 0.875439 1138.028 , 1192.67 , 1236.2331 ,
12.287647 1.652251 - 0.875692 1330.4358 , 1338.1236 , 1392.9908 |,
10.817731 2.079795 -0.000171 1395.7476 , 1409.608 , 1418.7341 ,
1 -0.064196 -1.598538 0.000122 1421.6929 , 1473.2079 , 1485.7607 ,
1 -1.048296 1.310326 - 0.000120 1488.1608 , 1489.7061 , 1492.0437 ,
6 -2.059584 -0.087816 -1.263421 1495.6178 , 1502.5374 , 1509.3166 |,
1 -1.512045 0.185139 - 2.165993 1727.2033 , 3003.3271 , 3010.867 ,
1 -2.280533 -1.156454 -1.318240 3014.1397 , 3018.2239 , 3035.8106 ,
1 -3.010384 0.448795 - 1.265264 3040.5823 , 3044.3118 , 3070.1314 ,
6 -2.059568 -0.087590 1.263445 3078.284 , 3086.8013 , 3087.8307 ,
1 -1.512019 0.185529 2.165960 3091.1843 , 3098.6926 , 3117.9913
1 -3.010369 0.449020 1.265201
1 -2.280514 -1.156218 1.318458
Compound: 2,4-dimethyl -2-pentene (Alkene | Energy (kJ mol =~ -274.764773946885
8) con 2 D:
Reaction Coordinates: Frequencies (cm ™):
6 -1.338433 -0.567560 0.000010 66.9975 , 125.3714 , 167.3352 ,
6 0.151295 -0.871346 0.000013 197.0113 , 208.3577 , 234.3454 ,
61.201254 -0.045119 0.000000 237.9794 , 308.8628 , 376.8418 ,
6 2.605061 - 0.593296 0.000008 393.88 , 406.0858 , 495.3459 ,
1 3.160641 -0.246154 -0.876346 620.8043 , 769.1911 , 838.2769 ,
13.160641 -0.246130 0.876353 853.7765 , 930.0836 , 959.0098 ,
12.616229 -1.682291 0.000023 961.2789 , 977.2296 , 1015.9067 |,
61.139328 1.459171 - 0.000022 1076.2022 , 1105.3816 , 1123.0582 ,
11.658226 1.860516 0.875499 1129.0872 , 1205.0421 , 1226.7452 ,
11.658232 1.860490 - 0.875551 1357.6722 , 1380.4474 , 1384.5308 ,
10.128892 1.853883 - 0.000031 1398.2498 , 1410.817 , 1419.5341 ,
10.385053 -1.932121 0.000028 1423.837 , 1473.4915 , 1483.5955 ,
1 -1.833136 -1.542 711 0.000028 1487.1637 , 1490.7858 , 1493.4414 ,
6 -1.817961 0.150147 1.272820 1500.0646 , 1505.225 , 1511.4668 ,
1 -1517384 -0.398512 2.166038 1719.997 , 3003.0185 , 3005.6275 ,
1 -1.410784 1.157939 1.352519 3011.4461 , 3022.5044 , 3026.94 14,
1 -2.906959 0.231618 1.277280 3040.039 , 3044.0641 , 3079.6144 |,
6 -1.817964 0.150102 - 1.272825 3082.613 , 3094.0631 , 3096.8454 |,
1 -1517391 -0.398590 -2.166024 3097.0983 , 3113.8644 , 3143.5006
1 -2.906961 0.231577 -1.277284
1 -1.410783 1.157890 -1.3525 61

Compound: 2,4-dimethyl -2-pentene (Alkene

8) con 3

Energy (kJ mol = -274.763016073451

1):
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Reaction Coordinates: Frequencies (cm ™):

6 1.354661 -0.223774 -0.415572 35.6181 , 112.23 , 149.6262 ,

6 -0.094184 -0.657937 -0.362243 212.6158 , 225555 , 262.282 ,

6 -1.244757 -0.062819 -0.031566 307.951 , 329.8406 , 358.5092 ,

6 -1.455245 1.355444 0.429559 409.1844 , 425.0623 , 505.6342 ,

1 -2.147931 1.871342 - 0.242215 613.6757 , 770.3826 , 844.3845 ,

1 -0.548740 1.942733 0.494055 874.9328 , 931.9043 , 954.6786 ,

1 -1.929641 1.358110 1.415440 960.6706 , 976.4238 , 1023.5399 |,

6 -2.532425 -0.848604 -0.098538 1084.2207 , 1100.8448 , 1105.1482 ,
1 -2.370389 -1.8733 30 -0.429355 1144.7 , 1207.7566 , 1227.8653 ,

1 -3.241417 -0.376719 -0.785509 1326.0417 , 1376.3833 , 1395.1516 ,
1 -3.022654 -0.878803 0.879146 1402.1973 , 1410.7867 , 1422.7879 ,
1 -0.189436 -1.703443 -0.648756 1428.191 , 1474.0691 , 1484.0705 ,
11.711274  -0.559693 -1.397350 1488.9555 , 1495.1297 , 1496.138 ,
6 1.684710 1.267854 - 0.327831 1500.0458 , 1511.7552 , 1517.2955 ,
1 1.503045 1.669764 0.669539 1725.4607 , 2968.4206 , 3002.7538 ,
11.114195 1.856119 -1.046219 3011.2398 , 3017.7296 , 3026.6285 |,
12.744118 1.416640 - 0.544683 3038.9404 , 3041.6594 , 3076.0373 ,
6 2.165233 -1.012286 0.630230 3081.171 , 3083.6741 , 3088.9647 |,
11.876956 -0.717367 1.641064 3096.5764 , 3100.5859 , 3178.7312

13.234763 -0.826539 0.513981

11997901 -2.086085 0.536625

Compound: 2,4,4-trimethyl -2-pentene Energy (kJ mol ~ -314.024563428501

(Alkene 9) con 1

l).

Reaction Coordinates:

61.137021 -0.070215 0.000000
-0.259379 -0.689851 0.000001
-1.471838 -0.127696 0.000001
-2.706834 -0.992971 -0.000001
- 3.328600 -0.786757 0.876368
-3.328602 -0.786750 -0.876367
-2.460715 -2.053740 -0.000005
-1.777139 1.346640 0.000001
-2.379148 1.607658 - 0.875378
-2.379196 1.607648 0.875349

- 0.896633 1.979490 0.000028
-0.251207 -1.776368 0.000001

6 2.159436  -1.222334 -0.000016
12.038628 -1.853302 -0.882604
12.038636 - 1.853320 0.882560
13.179848 -0.835652 -0.000017
6 1.381325 0.778784 - 1.263983
11.232401 0.181059 -2.164341

1 0.712537 1.635696 - 1.321966
12.406761 1.155494 -1.275302

6 1.381335 0.778758 1.26 3999
11.232421 0.181014 2.164346
12.406769 1.155471 1.275316
10.712543 1.635666 1.322006

PRRPRPRPORPRRPRROOO®

Frequencies (cm ™):

64.6822 , 125.8305 , 167.2823 ,
186.8965 , 206.5533 , 231.1321 ,
251.6629 , 291.7571 , 307.6043 ,
324.4647 , 353.3254 , 377.9719 ,
425.5823 , 4445562 , 507.1322 ,
563.6174 , 763.512 , 822.3046 |,
852.0831 , 926.4871 , 929.8539 ,
947.305 , 960.7913 , 962.3601 ,
1016.111 , 1050.8404 , 1050.9084 |,
1102.2743 , 1105.3059 , 1178.0627 ,
1223.8857 , 1250.4395 , 1272.6268 ,
1390.6545 , 1398.7861 , 1400.4123 ,
1411.3526 , 1423.0565 , 1433.9231 ,
1473.2339 , 1481.7288 , 1482.5287 ,
1489.4142 , 1489.436 , 1493.4063 |,
1497.3553 , 1507.9296 , 1508.2509 ,
1520.1388 , 1714.1334 , 3003.1763 ,
3011.9746 , 3016.3659 , 3019.786 ,
3026.3564 , 3040.1157 , 3044.466 ,
3075.8264 , 3077.4012 , 3080.487 ,
3085.2659 , 3097.2579 , 3103.8216 |,
3105.2391 3109.5045 , 3148.4459

Compound: 2,4,4-trimethyl -2-pentene

(Alkene 9) con 2

Energy (kJ mol = -314.022840256808
1y.
):

Reaction Coordinates:

6 1.153931 -0.048669 - 0.000000
6 -0.259750 -0.606740 0.000000

Frequencies (cm %):
37.8322 , 101.7978 |,
207.7913 , 226.2622

141.0677
241.0601
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6 -1.493679 -0.091407 0.000000 279.2297 , 282.177 , 331.5456 ,

6 -1.908958 1.356708 - 0.000000 352.9526 , 362.9578 , 394.6266 |,

1 -2.533187 1.564475 - 0.874234 425.29 , 447.2463 , 523.6109 ,

1 -1.088057 2.060881 - 0.000004 5715711 , 759.7664 , 816.9911 ,

1 -2.533181 1.564477 0.874237 886.0609 , 919.5083 , 921.9658 ,

6 -2.680455 -1.026650 0.000000 952.2851 , 959.7541 , 963.041 ,

1 -2.378564 -2.072788 0.000001 1024.7654 , 1047.0804 , 1049.2022 ,

1 -3.312543 -0.853912 -0.876221 1102.2659 , 1105.0826 , 1175.1177 ,

1 -3.31254 4 -0.853911 0.876221 1218.0621 , 1242.0655 , 1293.024 ,

1 -0.228806 -1.694896 0.000000 1395.1699 , 1395.2076 , 1402.1578 ,

6 1.866263 -0.602670 - 1.253503 1411.0855 , 1425.6459 , 1434.4024 ,

12918543 -0.310396 -1.258443 1474.1451 |, 1482.1272 , 1483.267 ,

11.820595 -1.692529 -1.283641 1487.6212 , 1493.7567 , 1495.2499 |,

11.402786 -0.222853 -2.165068 1501.5745 , 1505.6236 , 1513.9309 ,

6 1.297257 1.478281 0.000006 1524.0001 , 1720.2484 , 3002.9985 ,

1 0.850274 1.929994 0.885386 3011.4962 , 3014.5969 , 3017.7374 ,

1 0.850277 1.930000 - 0.885373 3027.3661 , 3038.9553 , 3041.8064 ,

12.357218 1.740226 0.000008 3074.9884 , 3075.9104 , 3081.1704 |,

6 1.866266 - 0.602679 1.253498 3084.0698 3084.7163 , 3088.8554 ,

11.402792 -0.222868 2.165066 3099.5563 3100.8475 , 3183.575

12918546 -0.310405 1.258436

11.820598 -1.692538 1.283628

Compound: Mesityl oxide (Alkene 10) Energy (kJ mol ~ -309.465790128374
Con1 D:

Reaction Coordinates: Frequencies (cm ™):

61.817766  1.181570 0.000004 31.6 247, 80.284 , 143.1236 , 213.5149 ,

6 1.405239 -0.276388 0.000000 230.804 , 244.7836 , 321.059 ,

6 -0.006648 -0.723675 0.000002 373.1935 , 471.6983 , 524.2838 ,

6 -1.179688 -0.066779 0.000000 583.3977 , 584.7874 , 781.0513 ,

6 -2.458820 - 0.860839 0.000002 876.1255 , 885.7522 , 956.6211 ,

1 -3.064594 -0.611789 0.875663 1006.7854 , 1015.2786 , 1050.1668 ,

1 -3.064593 -0.611795 -0.875662 1092.0784 , 1104.8031 , 1202.7335 ,

1 -2.276783 -1.933168 0.000006 1285.404 , 1375.525 , 1390.6008 |,

6 -1.408062 1.417055 - 0.000004 1409.8701 , 1419.9382 , 1467.8219 ,

1 -2.002887 1.696951 - 0.873831 1470.9895 , 1483.6426 , 1484.0559 ,

1 -2.002883 1.696956 0.873824 1495.1889 , 1501.6001 , 1683.5878 ,

1 -0.505647 2.013372 - 0.000008 1710.2959 , 3012.6049 , 3021.673 ,

1 -0.048320 -1.807120 0.000003 3036.5958 , 3051.1468 , 3056.0309 |,

82.271136 -1.136768 -0.000004 3095.4893 , 3115.1414 , 3134.563 ,

1 2.903580 1.226157 0.000009 3146.8775 , 3184.7417

11.437161 1.699458 - 0.881230
11.437152 1.699457 0.881235

Compound: Mesityl oxide (Alkene 10) Energy (kJ mol - -309.469316688066
Con 2 b:

Reaction Coordinates: Frequencies (cm ™):

6 2.560147 -0.799843 - 0.000136 5.8179 , 86.0289 , 114.2669 , 145.7257 ,

6 1.332280 0.091641 0.000049 205.0671 , 210.6334 , 339.0034 ,

6 0.040736 - 0.632293 0.000085 375.819 , 442.647 , 469.8649 |,

6 -1.203331 -0.120263 -0.000002 601.5013 , 628.5367 , 825.3514 ,

6 -2.391119 -1.040052 0.000042 856.2612 , 913.0507 , 957.5863 ,

1 -3.018807 -0.851288 0.875172 970.9409 , 1005.165 , 1042.746 |,

1 -3.018660 -0.851563 -0.875252 1096.5757 , 1108.4228 , 1188.3377 ,

1 -2.103278 -2.089720 0.000231 1241.1667 , 1381.198 , 1390.1797 ,

6 -1.539236 1.340342 - 0.000146 1413.3283 , 1415.1672 , 1463.24 ,

1 -2.153759 1.574849 - 0.874336 1467.3951 , 1473.9688 , 1476.0118 ,
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1 -2.153184 1.575136 0.874378 1487.7439 , 1503.8996 , 1660.1472 ,
1 -0.657914 1.969542 - 0.000496 1744.6457 , 3010.4657 , 3017.3443 ,
10.133320 -1.712859 0.000161 3025.9074 , 3047.5875 , 3056.8968 |,
8 1.450441 1.304942 0.000166 3077.1295 , 3107.6752 , 3136.3004 ,
13.459067 -0.189878 -0.000173 3139.6793 , 3169.7428

12.556494 - 1.450538 0.877320

12556331 -1.450413 -0.877685

Compound: HFG1234yf (Alkene 11) Energy (kJ mol -~ -514.464460739210

1).

Reaction Coordinates:

6 -0.585281 -0.043725 -0.000000
6 0.922986 -0.027137 -0.000000
61.716238 -1.077688 -0.000001
12788511 -0.953648 -0.000000
11.298487 -2.070706 -0.000001
9 1.389017 1.232144 - 0.000000

9 -1.057966 -1.299622 0.000000

9 -1.077228 0.584609 1.083539
9 -1.077230 0.584609 - 1.083538

Frequencies (cm %):

66.5226, 234.0701, 236.7274, 365.1414,
415.2527, 493.7216, 570.3112, 611.2868,
679.7835, 755.144, 787.2174, 932.9654,
956.2932, 1141.1345, 1151.7237, 1178.4052,
1353.311, 1423.1767, 1747.7183, 3179.6402,
3276.2088

Compound: HFO1345fz (Alkene 12) con 1

Energy (kJ mol - -652.907119469829

1):

Reaction Coordinates:

- 0.406520 0.464064 0.041056
-1.522801 -0.339034 0.631669
-2.575775 -0.740538 -0.061205
-2.684659 -0.515610 -1.112637
-3.364589 -1.307849 0.411851
-1.404735 -0.563074 1.683356

6 0.950218 -0.293991 -0.013799
9 1.922772 0.493908 -0.477940
91.293377 -0.712595 1.214935
90.854506 -1.364889 -0.812109
9 -0.680637 0.869707 -1.226395
9 -0.191880 1.585372 0.793853

PRPPOOO®

Frequencies (cm ):

65.4496, 74.8184, 198.6928, 219.6502,
276.1685, 313.3121, 354.3534, 378.6851,
459.1658, 522.8383, 564.6134, 580.3317,
645.5624, 729.0861, 768.6396, 1006.1183,
1021.6304, 1023.5818, 1037.8805, 1126.2012,
1182.7922, 1193.0461, 1246.4826, 1313.0904,
1326.6004, 1455.9826, 1714.5074, 31549201,
3185.8, 3241.5178

Compound: HFG1345fz (Alkene 12) con 2

Energy (kJ mol - -652.904303093187

1):

Reaction Coordinates:

-0.373774 0.636304 - 0.000001
-1.766832 0.091752 0.000022
-2.127041 -1.181547 - 0.000001
-1.418307 -1.996261 - 0.000041
-3.174403 -1.448473 0.000018

- 2.505479 0.884601 0.000061

6 0.805569 - 0.372781 0.000002

9 1.971435 0.276945 - 0.000013
90.761617 -1.156981 1.087333
90.761605 -1.157009 -1.087307
9 -0.198970 1.436160 - 1.095537
9 -0.198947 1.436192 1.095505

PRPPOOO®

Frequencies (cm ):

75.3476, 82.8866, 175.3097,
217.682, 288.051, 308.1011,
346.8878, 415.779, 426.4018,
498.141, 573.3491, 587.1223,
651.4742, 710.5058, 760.9488,
980.9817, 1000.8456, 1023.0824,
1090.7632, 1132.2297, 1182.4404,
1183.2641, 1198.820 6, 1316.4318,
1376.3369, 1472.9663, 1719.0547,
3157.1139, 3167.5889, 3242.3767

Compound: HFG1233zd (Alkene 13)

Energy (kJ mol - -874.459906302694

1):
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Reaction Coordinates:

6 1.304166 0.037365 0.000000

6 -0.124015 0.475233 0.000000

6 -1.124569 -0.388198 0.000000

17 -2.785458 0.098196 - 0.000000
1 -0.988720 -1.458223 0.000001

1 -0.277597 1.544740 - 0.000001
9 1.958514 0.511736 - 1.083528

9 1.958515 0.511740 1.083526
91.448039 - 1.301504 0.000002

Frequencies (cm 2):

81.6682, 155.5861, 167.9512,
299. 2645, 393.6749, 400.4923,
547.4506, 563.4267, 660.1194,
833.3308, 851.3053, 872.8286,
968.2956, 1117.8281, 1125.0475,
1261.1857, 1285.3608, 1322.7518,
1697.9469, 3203.4882, 3220.3034

Compound: HFO1234ze(E) (Alkene 14)

Energy (kI mol - -514.467255920440

1):

Reaction Coordinates:
6 0.843476 0.031705 0.000000

6 -0.560694 0.526254 - 0.000001
6 -1.592866 -0.296119 -0.000000
9 -2.847722 0.166306 - 0.000000
1 -1.543881 -1.375091 0.000000

1 -0.689768 1.598797 - 0.000001
9 1.521177 0.474285 - 1.082808

91.521177 0.474288 1.082807
90.926942 - 1.314295 0.000002

Frequencies (cm ):

85.0572, 191.9601, 193.4258,
386.5226, 409.7951, 418.4184,
554.,7289, 577.4385, 690.8616,
869.6416, 879.7608, 963.0113,
1084.8443, 1116.9275, 1187.7224,
1257.587, 1321.82 06, 1346.0002,
1742.5088, 3208.2322, 3218.0848

Compound: E-2-pentene (Alkene 15) con
1

Energy (kJ mol - -196.251071480094

1):

Reaction Coordinates:

6 -1.295855 0.556837 - 0.220006
6 0.066116 -0.044855 - 0.400279
6 1.169904  0.338239 0.233138

11.102628 1.160771 0.941527

6 2.527626 - 0.268169 0.055375

1 3.250426 0.475332 - 0.291259
12912725 -0.659893 1.000639
12509533 -1.084536 -0.667014
10.130587 -0.869626 -1.107825
-2.338349 -0.455703 0.270882

- 3.323589 0.005142 0.355 288
-2.423089 -1.298008 - 0.418354
-2.064921 -0.854290 1.248704

- 1.235300 1.394648 0.478403

- 1.635656 0.972367 -1.174770

PRRRPRRPRO

Frequencies (cm ™):

95.1208, 174.4694, 207.0285, 212.393,
302.7287, 410.1315, 488.8208, 766.8394,
817.5183, 884.3052, 949.8826, 1000.5831,
1029.2249 1072.7703 1080.2898
1102.139, 1179.992, 1278.1465,
1322.7711, 1338.3681, 1369.4151,
1409.1436, 1414.9778 1479.9028
1483.1445 1493.0503 1497.8229
1505.8295 1731.9048 2998.0422
3010.7105, 3022.8968 3041.7622,
3049.2851, 3082.4761, 3085.5294,
3088.4103 3097.267, 3111.8101

Compound: E-2-pentene (Alkene 15) con
2

Energy (kJ mol =~ -196.250612583247

1):

Reaction Coordinates:
6 1.396132 0.663057 0.000001

6 -0.105953 0.719991 - 0.000000
6 -0.948189 -0.308269 0.000000
1 -0.553348 -1.319353 0.000002

6 -2.442134 -0.192208 -0.000000
1 -2.877019 -0.680561 -0.876242
1 -2.877019 -0.680548 0.876250

1 -2.762895 0.849873 - 0.000007
1 -0.524143 1.724290 - 0.000002

Frequencies (cm ?):

130.3313 201.3828, 203.2816, 221.8668,
292.7763, 366.5152, 583.9821, 717.6484,
835.4658, 855.006, 951.5287, 1007.0597,
1039.5076, 1072.8252 1082.5013
1109.8349, 1145.4322 1294.0792
1323.984, 1342.7188 1382.2184
1413.543 1417.3128 1478.2158
1480.4696, 1494.103, 1499.2672,
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6 2.019655 -0.729366 -0.000000

13.107809 -0.660621 0.00000 1
11.723368 - 1.300060 0.881425
11.723371  -1.300058 -0.881429

11.761409 1.223907 -0.867778
11.761408 1.223905 0.867781

1507.7024, 1732.3268 2992.3715
3003.9092, 3010.0394, 3027.5453
3048.3419 3085.3026, 3085.8294,
3088.8917, 3102.4869, 3133.8875

Compound:
1

Z-2-pentene (Alkene 16) con

Energy (kJ mol - -196.249290990363

1):

Reaction Coordinates:

6 -1.010746 -0.198222 0.561353

6 0.013678 0.811731 0.134129

6 1.302108 0.614454 - 0.141415
11.882671 1.481361 - 0.442343
62.071878 -0.670389 -0.086180
12529282 -0.887960 -1.054905
12.891397 -0.599267 0.634145
11.457110 -1.523846 0.192647

- 0.365072 1.825551 0.033681
-0.563596 -1.186428 0.670085

- 1.385389 0.078640 1.552669
-2.199758 -0.275580 -0.405698
-2.952628 -0.978457 -0.046177
-2.679137 0.698708 - 0.517042
-1.877596 -0.600271 -1.395899

RPRRORRR

Frequencies (cm ™):

56.5887 , 136.8691 , 214.5953 ,
260.9216 , 300.6178 , 474.1665 |,
572.161 , 720.4797 , 795.9926 ,
863.0838 , 935.7132 , 1013.6785 ,
1025.7052 , 1051.4266 , 1067.852 ,

1093.8952 , 1172.2047 , 1282.5784 ,
1302.9043 , 1340.4758 , 1406.7983 ,
1411.0139 , 1442.7749 , 1482.5483 ,
1484.6711 , 1494.972 , 1498.104 ,

1507.0336 , 1721.314 , 3000.5883 |,
3015.1258 , 3023.4597 , 3050.2094 |,
3061.1266 , 3085.2081 , 3088.88 49,
3102.8509 , 3109.9953 , 3132.9181

Compound:
2

Z-2-pentene (Alkene 16) con

Energy (kJ mol - -196.243578385811

1):

Reaction Coordinates:

6 1.346035 0.530063
- 0.042625 1.114177 - 0.000001
-1.264818 0.580769 0.000000
-2.082808 1.296181 0.000001
-1.727065 -0.846757 -0.000000
-2.354640 -1.0394310.874611
-2.354674 -1.039418 -0.874590
-0.921974 -1.572409 -0.000021
- 0.017015 2.201089 - 0.000001
11.870389 0.952186 - 0.865216
11.870386 0.952185 0.865219

- 0.000000

PRRRPROFRPOO®

Frequencies (cm ™):

70.7599 , 118.6826 , 241.8645 |,
305.955 , 324.6422 , 411.6616 ,
677.3082 , 681.0786 , 792.0716 |,
810.5278 , 924.8355 , 1023.3636 ,
1048.41 03, 1056.5721 , 1069.0422 ,
1110.8488 , 1144.3627 , 1310.0689
1316.5031 , 1394.6609 , 1406.1158
1417.3797 , 1448.2938 , 1475.2148
1486.6778 , 1493.1653 , 1507.6348
1514.9225 , 1727.0842 , 2988.5174
2999.203 , 3015.111 , 3030.9911 ,

6 1.547001 - 0.983835 0.000000 3045.5051 , 3084.559 , 3094.3334 ,
12.613861 -1.212224 0.000005 3097.6924 , 3119.4895 , 3159.5188
11.112653 - 1.452330 0.883057

11.112661 -1.452329 -0.883061

Compound: E-2-butene (Alkene 17) Energy (kJ mol = -156.994340303979

1):

Reaction Coordinates:

6 1.956867 - 0.079076 0.000000

6 0.535689 0.393027 - 0.000000

6 -0.535689 -0.393028 -0.000000
1 -0.389176 -1.470660 - 0.000000
6 -1.956867 0.079076 0.000000

1 -2.496480 -0.289912 -0.876354
1 -2.496480 -0.289912 0.876354

Frequencies (cm ™):

176.4585 , 229.7314 , 245.7757 ,
281.793 , 501.7962 , 763.4185 ,
874.6193 , 990.2857 , 998.622 ,

1071.1443 , 1072.9916 , 1074.3046 ,
1167.8269 , 1334.2191 , 1336.5376 ,
1414.0301 , 1415.6287 , 1479.5634 |,
1480.1443 , 1488.9859 , 1497.3116 ,
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1 -2.016423 1.167743 0.000000

1 0.389176 1.470659 - 0.000000
12.016423 -1.167742 -0.000001
1 2.496480 0.289913 - 0.876353

12.496480 0.289912 0.876354

1736.04 64, 3010.5495 , 3010.8238 ,
3048.8673 , 3049.5438 , 3084.2729 |,
3085.8189 , 3106.0668 , 3115.5896

Compound: Z-2-butene (Alkene 18)

Energy (ki mol - -156.992617941268
1y.
):

Reaction Coordinates:

Frequencies (cm ™):

61.587222  -0.520466 - 0.000000 126.2, 142.7478, 287.1418, 400.5225,

60.665981 ~ 0.661426 -0.000000 572.897, 698.0489, 867.8641, 978.3282

1 -1.160946 1.627759 0.000000

6 -1.587222 -0.520466 - 0.000000 1067.6084, 1160.0865 1295.2903

1 -2.241381 -0.500797 0.875770 1395.5841, 1418.5863 1440.7993

1 -2.241383 -0.500795 -0.875768 1482.7723, 1485.7588 1489.9577,

1 -1.059134 -1.471929 -0.000002 1495.1634, 1726.0624, 3014.0643

11.160946 1.627759 0.000000 3016.1249 3049.918 3050.1832

11.059134 -1.471929 -0.000004 3096.2508 3110.3152 3117.6898,

12.241384 -0.500794 -0.875768 3139.0122

12.241379 -0.500798 0.875771

Compound: Z-2-pentene (Alkene 19) con | Energy (kJ mol = -235.506682457045
1 h:

Reaction Coordinates: Frequencies (cm ™):

6 -0.484550 -0.779889 -0.638230 41.2889 , 109.1277 , 138.6313 ,

6 0.525983 -0.847958 0.469686 200.7807 , 254.3338 , 306.0596 |,

6 1.696144  -0.218366 0.564952 362.8515 , 478.4332 , 574.6806 |,

12.289756 - 0.408075 1.454327 710.7203 , 774.1094 , 859.1837 ,

6 2.316438 0.730764 - 0.415159 893.2596 , 913.9097 , 971.1405 ,

1 2.526540 1.692914 0.059377 1016.7575 , 1058.8693 , 1066.8111 ,

1 3.275525 0.345477 - 0.771905 1068.3942 , 1096.9851 , 1172.2002 |,

11.688328 0.916275 -1.284034 1248.8115 , 1285.6173 , 1303.9926 |,

10.248846 - 1.503141 1.291820 1352.9883 , 1376.1035 , 1409.2313 ,

6 -1.881700 -0.342377 -0.162983 1414.0569 , 1441.3499 , 1481.0826 ,

6 -1.943829 1.106751 0.315921 1484.2795 , 1491.0118 , 1493.7543 ,

1 -1.261216 1.279437 1.148810 1500.092 , 1507.7222 , 1721.092 ,

1 -1.667935 1.796144 - 0.485117 2997.5177 , 3011.7554 , 3015.048 ,

1 -2.949401 1.369846 0.647015 3021.8142 , 3037.2674 , 3049.8747

1 -2.589075 -0.485136 -0.983701 3058.0268 , 3078.8452 , 3089.2331 ,

1 -2.208956 -1.008607 0.640698 3100.7837 , 3109.1404 , 3131.3534

1 -0.149721 -0.113664 -1.435121

1 -0.573613 -1.775028 -1.087295

Compound: Z-2-pentene (Alkene 19) con | Energy (kJ mol = -235.506435572184
2 h:

Reaction Coordinates: Frequencies (cm *):

6 0.434966 -0.117017 0.541223 49.398 , 89.8889 , 131.3736 ,

6 -0.768923 -0.917198 0.140474 200.6305 , 237.2598 , 284.6984 ,

6 -1.998500 -0.479536 -0.127223 367.1046 , 472.5868 , 573.9975 ,

1 -2.738429 -1.222625 -0.409177 716.265 , 749.0739 , 874.3506 |,

6 -2.506265 0.930013 -0.085721 897.4234 , 914.7403 , 996.5133 ,

1 -2.920030 1.219735 - 1.055210 1016.423 , 1046.2213 , 1064.9359 ,

1 -3.319095 1.026870 0.639157 1067.7578 , 1112.9827 , 1173.4844 ,

1 -1.736662 1.652390 0.178752 1258.5156 , 1296.0617 , 1307.5407 ,
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1 -0.594362 -1.986289 0.053094

6 1.602087 -0.256493 - 0.448454
6 2.853014 0.499733 - 0.006021
12.652727 1.568128 0.098353
13.213119 0.136792 0.958923

1 3.663324 0.384110 -0.727068
11.839604 -1.316616 -0.574572
11.280249 0.101120 - 1.429809
1 0.185006 0.938803 0.656687

1 0.776276 -0.459438 1.525215

1327.4771
1413.0443
1484.5099
1499.292

2989.8003
3019.3197
3059.6606
3101.9921

1377.8452
1441.3848
1492.062
1509.8532
3013.0685
3036.2808
3078.2852
3110.5017

1409.382
1481.8697
1495.9796
1721.1738
3014.9788
3050.028

3082.98 67,

3132.9048

Compound: Z-2-pentene (Alkene 19) con
3

Energy (kJ mol -

1):

-235.505472702575

Reaction Coordinates:

6 -0.387333 -0.463961 0.701236

6 0.465392 0.714968 0.330713

6 1.730961 0.707319 - 0.087526
12.184208 1.668259 - 0.312315

6 2.630709 -0.473982 -0.290862
12983197 -0.515716 -1.324889
13.522305 -0.393583 0.336840
12.147545 -1.422526 -0.065533
- 0.016601 1.683692 0.414440
-1.568144 -0.714092 -0.257091
- 2.602649 0.410309 - 0.293766
- 3.008865 0.603567 0.701753

- 2.175461 1.342466 - 0.664852
- 3.437593 0.151168 - 0.946170
-1.177074 -0.884773 -1.263410
-2.060679 -1.642297 0.044550
10.216477 - 1.369984 0.755883

1 -0.791076 -0.303631 1.707472

PRRRPRRPOOR

Frequencies (cm ™):
103.3731 ,

34.3897
214.2817
379.8072
726.9086
874.0456
1019.525
1069.3503
1254.0333
1351.7153

1415.86 75,

1484.6204
1502.4863
2993.7939
3021.7087
3066.3489
3103.7062

240.4438
506.8255
753.4922
921.5376
1054.0488
1115.1616
1286.6668
1373.443
1443.9916
1490.4358
1508.8898
3013.0809
3042.6046
3079.0806
3117.7216

134.5315 ,
292.9596 |,
563.1399
864.2882
976.0881

1067.4956
1159.276
1309.7021

1408.4598
1483.8179
1496.0546
1718.1454
3015.0794
3049.9742
3088.2713
3139.4572

Compound: Z-2-pentene (Alkene 19) con
4

Energy (kJ mol -

1):

-235.500658574891

Reaction Coordinates:

6 0.577039 0.946865 0.000000

- 0.916425 1.144905 - 0.000000
-1.956113 0.309862 - 0.000000
- 2.932908 0.786052 0.000000
-2.028114 -1.188752 0.000000
-2.583132 -1.539328 0.874654
-2.583145 -1.539328 -0.874646
-1.060683 -1.677803 -0.000007
-1.177357 2.200314 0.000000

1 0.973702 1.492334 - 0.865662

1 0.973702 1.492333 0.865663
61.181178 -0.457355 -0.000001
6 2.709439 - 0.418085 0.000000

1 3.132589 -1.423346 - 0.000000
1 3.091038 0.102388 -0.880903

1 3.091036 0.102385 0.880906
10.836567 -1.010323 0.876289
10.836569 -1.010321 -0.876293

PRRRORPROO®

Frequencies (cm *):

66.6089 ,
174.6908
375.6707
691.5656
889.4815
1024.0328
1075.9989
1278.6814
1339.9285
1415.8065
1489.4133
1500.125
2977.137
3019.1809
3052.6144
3094.2598

243.1529
405.2788 ,
774.183

912.7182
1052.5046
1128.5062
1306.2328
1407.242
1447.3686
1490.9556
1513.8684
2988.1787
3024.2171
3080.9261
3119.4523

98.5924 , 158.6739 ,

288.2919
677.6753 ,
816.3684
991.5727

1068.8351
1151.1806
1333.9822
1410.6888
1471.9223
1498.713
1726.4224
3014.9054
3045.3647
3084.2604
3158.768
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Compound: Isobutene (Alkene 20)

Energy (kJ mol
1y.
):

Reaction Coordinates:

6 -1.272479 -0.676792 0.000000
6 0.000000 0.123854 0.000000

6 0.000001 1.454624 0.000000

1 0.922183 2.021321 0.000000

1 -0.922183 2.021320 0.000000

61.272479 -0.676794 0.000000
12.153824 -0.037282 0.000000
11.321461 -1.329357 0.876282
11.321461 -1.329357 -0.876282
1 -2.153825 -0.037281 0.000000

1 -1.321462 -1.329356 - 0.876282
1 -1.321462 -1.329356 0.876282

Frequencies (cm ™):

172.7829 , 211.2397 ,
439.3224 , 442.8878 ,
814.459 , 924.6733 ,

988.287 , 1022.3943 ,
1108.4808 , 1296.388
1415.2186 , 1444.6997
1483.628 , 1489.6004
1712.7565 , 3007.5773
3047.6689 , 3050.2723
3102.2216 , 3129.5895

381.0088

706.3756

961.7242

1086.1878
, 1409.6995
, 1471.8573
, 1502.8985
, 3013.0906
, 3100.6528
, 3206.5032
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6.2 Products

6.2.1 Criegee Intermediates

Compound: sCI1 (HCHOO)

Energy (k mol - -189.400847568329
1y.
):

Reaction Coordinates:

6 -1.068412 0.202194 - 0.000000
8 -0.003231 -0.459294 -0.000000
8 1.179333 0.194958 0.000000

1 -1.021445 1.284352 - 0.000000

Frequencies (cm ™):

527.7609,673.7578, 912.8476,
951.0664, 1242.0554, 1402.0013,
1543.5428 , 3118.1651 , 3267.9600

1 -1.976903 -0.382830 0.000002
Compound: Anti-CHCHOO Energy (kJ mol - -228.668481416675
1).

Reaction Coordinates: Frequencies (cm ™):
61.768337 - 0.098013 0.000000 159.9851 , 257.6665 , 324.381 , 553.5978 |,
6 0.380636 0.408005 - 0.000001 867.7539 , 893.0654 , 968.3519 ,
8 -0.571402 -0.409277 -0.000001 1067.3161 , 1157.1901 , 1344.2119 ,

) 1414.9461 , 1458.644 , 1462.7974 ,
213011%2‘(15‘21)1? 26%7632?525 0'0_08%%10001 1577.2586 , 3019.4822 , 3060.7084 |,

' ' ' 3131.6411 , 3145.1519

12.303633 0.275054 0.877345

11.786152 -1.185114 -0.000027
1 2.303652 0.275101 -0.877313
Compound: SynCHCHOO Energy (kJ mol - -228.674137895205
1y.
):
Reaction Coordinates: Frequencies (cm ™):
6 1.364404 -0.472563 -0.000000 185.3271 , 295.7077 , 460.8721 , 674.8786 ,
6 0.481825 0.697474 0.000000 756.9638 , 900.7617 , 982.6906 ,
8 -0.774763 0.588713 - 0.000000 1046.5977 , 1110.553 , 1349.2256 ,
) i 1398.9588 , 1437.3442 , 1460.4744
8 -1.295881 0.676150 0.000000 1550.818 . 3015.3924 . 3049.5183 |
10.816554 1.727871 0.000000 3140.3388 3177 8251
12410795 -0.181137 -0.000003 ' ’ '
11.130215 -1.098354 0.866933
1 1.130211 -1.098357 -0.866930
Compound:  Anti-EtCHOO con 1 Energy (kJ mol = -267.925413397257

1)_

Reaction Coordinates:

6 -1.238387 0.671859 0.000001

6 0.243293 0.716298 - 0.000001
8 0.906784 -0.346617 0.000001

8 2.280006 -0.267327 -0.000000
10.808677 1.644807 - 0.000003

1 -1577933 1.251548 0.867130

1 -1.577935 1.251550 - 0.867126
6 -1.855251 -0.723194 -0.000000
1 -1.551814 -1.289222 -0.879384
1 -1.551811 -1.289225 0.879380

1 -2.941441 -0.647683 0.000001

Frequencies (cm ™):

130.9388, 193.1388, 202.5138, 272.6768,
419.6176, 620.8898 744.3949, 897.1681],
918.3676, 925.3618, 1025.6913
1105.3439 1123.1071, 1275.1458
1339.7654, 1387.5666, 1425.6198
1450.0468 1498.9388 1504.5907,
1574.7551, 2994.2524, 3005.7603
3048.8185, 3114.4836, 3114.5196,
3135.7266
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Compound:  Anti-EtCHOO con 2

Energy (kJ mol ~ -267.924722060814

1):

Reaction Coordinates:

6 1.131391 0.597027 0.114323

6 -0.186195 -0.013288 0.406647

8 -1.174188 0.269041 - 0.313495
8 -2.384882 -0.310259 -0.030725
1 -0.357920 -0.717017 1.217757

11.021985 1.290943 -0.718380
11.434653 1.179175 0.991339

6 2.208737 -0.460271 -0.182091
12.315531 -1.161616 0.645772
11.963229 -1.027476 -1.078988

13.171487 0.024934 - 0.337014

Frequencies (cm ™):

79.1142, 195.2713, 205.3122, 327.0348,
409.9348, 538.219, 777.8747, 908.9061,
921.1754, 935.6995, 1017.6514,
1089.1869, 1177.5842 1277.7692
1321.9142 1366.6797, 1416.2125,
1471.0462 1499.8413 1504.8533
1566.5471, 3007.5733 3039.1061,
3086.2792, 3107.0306, 3111.9258
3132.8426

Compound: SynEtCHOO con 1

Energy (kJ mol = -267.929199725584
1y.
):

Reaction Coordinates:

6 0.923269 0.426502 0.547182

6 -0.273025 0.951814 - 0.133366
8 -1.335917 0.288133 - 0.280028
8 -1.378535 -0.987515 0.215939

Frequencies (cm ™):

112.796 , 197.0713 , 243.4832 ,
323.9713 , 537.4759 , 652.1667 ,
811.3089 , 833.6176 , 890.6056 |,
905.7836 , 1009.4333 , 1081.9342 ,

1 -0.343576 1.943872 - 0.565754 1145.8927 , 1289.6824 , 1331.79 ,
10.578050 -0.1043761.437841 1370.0543 , 1401.7209 , 1460.3766 ,
1 1.555704 1.264174 0.840694 1495.3906 , 1511.5641 , 1558.8684 |,
61.714340 -0.561104 - 0.339827 3032.0107 , 3044.775 , 3087.3063 |,
12.094886 -0.069777 -1.234859 3106.9797 , 3135.4246 , 3164.4414
12563010 -0.947994 0.222458

11.080044 -1.394116 -0.631598

Compound: SynEtCHOO con 2 Energy (kJ mol - -267.930089984566

1)_

Reaction Coordinates:

6 -0.773628 -0.439742 0.000000

6 0.143905 0.707537 0.000000

8 1.397747 0.574971 - 0.000000
81.895135 -0.701219 -0.000000
-0.172097 1.745490 0.000000
-0.499810 -1.066484 0.857959

- 0.499809 -1.066484 -0.857958
-2.249706 -0.054174 -0.000000
- 2.510613 0.531063 - 0.882579
-2.873539 -0.946390 -0.000000
- 2.510613 0.531063 0.882579

PR RORRR

Frequencies (cm ™):

94.1884 , 200.9246 , 218.1471 ,
362.392 , 465.8496 , 689.645 ,
707.4179 , 830.1912 , 890.317 ,
935.7901 , 1047.473 , 1098.5582 ,
1140.771 , 1248.8554 , 1320.9428 ,
1370.6582 , 1424.9606 , 1430.752 ,
1503.458 , 1505.6674 , 1561.5455 ,
3000.6382 , 3006.4657 , 3036.0444 ,
3092.694 , 3108.5153 , 3159.5381

Compound:  Anti-iPrCHOO con 1

Energy (kJ mol ~ -307.183903025558
1y.
):

Reaction Coordinates:

6 -0.965724 -0.022320 -0.415928
6 0.451044 -0.471047 -0.343096
81.340114 0.284155 0.114105

8 2.635957 -0.175402 0.163739
10.771661 -1.457371 -0.671117
1 -1.230765 -0.073551 -1.480983

6 -1.862506 -1.041551 0.316090

Frequencies (cm ™):

86.4377 , 189.3429 , 195.2162 ,
220.6261 , 257.4231 , 334.5273 ,
436.9484 , 442.9461 , 601.9411 ,
826.139 , 920.3659 , 928.242 ,
940.115 , 971.1987 , 975.1866 ,
1108.5286 , 1140.3406 , 1205.1665 |,
1300.8512 , 1342.4565 , 1373.2338 ,
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-1.662940 -1.031784 1.387934
-2.910430 -0.7864110.161324
-1.704546 -2.055839 -0.051424
-1.180802 1.407058 0.078694

- 0.932701 1.496751 1.136303

- 0.565070 2.118627 - 0.469045
- 2.225846 1.686708 - 0.050311

PRRORRR

1407.8302 , 1429.2624 , 1488.4416 ,
1492.5379 , 1504.3735 , 1510.6035 ,
1563.7815 , 2968.5051 , 3033.1315 ,
3042.4617 , 3098.7008 , 3102.9851 |,
3106.8174 , 3112.9375 , 3128.3525

Compound:  Anti-iPrCHOO con 2

Energy (kJ mol ~ -307.183504223503
1y.
):

Reaction Coordinates:

6 0.887613 0.000000 - 0.323680
6 -0.461359 0.000004 0.300578

8 -1.485439 -0.000003 -0.422869
8 -2.720692 0.000002 0.178783

1 -0.621403 0.000012 1.377128
10.743561 -0.000001 -1.405313
6 1.653916 1.271480 0.084187
11.786741 1.320883 1.166272
12.642925 1.267849 -0.374361
11.131562 2.171757 -0.237300
6 1.653908 -1.2714830.084190
11.786732 -1.320886 1.166275
11.131549 -2.171758 -0.237296
12.642918 -1.267859 -0.374358

Frequencies (cm *):

67.3615, 184.8015, 204.221, 214.3213,
266.4091, 317.491, 416.6544, 477.3281,
523.4987, 851.3703, 925.6943, 939.2119,
947.0572, 947.6788, 968.204, 1099.3011,
1182.723, 1198.2556, 1322.2851,
1333.6178 1365.1658 1401.9082
1423.0427, 1488.3999, 1490.9307,
1502.5096, 1510.1752 1566.1929
3029.6121, 3031.5752 3054.3653
3091.6977, 3098.037, 3105.4845,
3106.3581, 3123.2305

Compound: SyniPrCHOO con 1

Energy (kJ mol ~ -307.187971815102
1y.
):

Reaction Coordinates:

6 0.685393 0.034039 - 0.266093
6 -0.344387 -0.746961 0.451159

8 -1.585539 -0.578006 0.306437

8 -2.016369 0.391930 -0.560956
1 -0.114839 -1.533111 1.164189

6 0.802253 1.443751 0.358578
11.186654 1.387829 1.377879

1 1.496498 2.039857 -0.233659
1 -0.164773 1.940955 0.364631

1 0.294160 0.167642 -1.279557
6 2.024152 -0.706031 -0.288280
11.937024 -1.684752 -0.761 394
12.759440 -0.129507 -0.848813
12.416638 -0.849099 0.720696

Frequencies (cm *):

97.301, 196.6638, 208.2676, 232.3478,
275.8028, 335.1623, 411.9805, 546.8364,
672.2183, 838.1781, 850.88, 889.9471,
939.4327, 950.3204, 975.7047, 1109.0713
1173.5297, 1192.4754, 1308.2468
1321.5635 1371.7229 1393.551,
1423.2907, 1486.691, 1494.8823
1502.364, 1514.2539, 1559.3308
3019.6062, 3027.3683 3035.1978
3086.2642, 3096.0502, 3100.9662,
3127.9019, 3149.0892

Compound: SyniPrCHOO con 2

Energy (kJ mol -~ -307.184639319810
1y.
):

Reaction Coordinates:

6 -0.878257 -0.000001 0.485811

6 0.510830 -0.000004 1.017271

8 1.575267 -0.000002 0.342536

8 1.514281 0.000004 -1.025788
10.720729 -0.000010 2.082327

6 -1.177955 1.278802 - 0.323492
1 -0.549243 1.326970 - 1.208037
1 -2.225039 1.263930 - 0.627045

Frequencies (cm 2):

106.1975 , 196.259 , 198.7294 ,
229.4144 , 2359845 , 341.1971 ,
417.1591 , 539.501 , 742.4056 |,
798.3226 , 843.7334 , 886.6389 ,
941.3455 , 964.4005 , 971.288 ,
1097.8197 , 1123.9389 , 1195.8952 ,
1336.5111 , 1368.1737 , 1388.3097 ,
1393.6817 , 1417.9274 , 1482.0393 ,
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1 -1.013352 2.175651 0.274198 1493.91 , 1502.4489 , 1522.3991 ,

1 -1.521789 -0.000004 1.368946 1558.6615 , 3028.4394 , 3037.2438 ,
6 -1.177958 -1.278799 -0.323500 3039.1962 , 3094.1619 , 3095.4681 ,
1 -1.013357 -2.175652 0.274185 3138.4912 , 3140.7073 , 3150.7961
1 -2.225042 -1.263922 -0.627054

1 -0.549245 -1.326963 -1.208045

Compound: Anti-tBuCHOO Energy (kJ mol = -346.443987742296

1):

Reaction Coordinates:

6 0.789980 -0.001899 0.000000
6 -0.622216 -0.490941 0.000001
8 -1.586526 0.307444 0.000001

8 -2.866746 -0.202482 0.000000

1 -0.868477 -1.551112 0.000002

6 1.474988 -0.578024 1.260488
11.413826 -1.666766 1.287820
12529747 -0.300726 1.258757
11.020181 -0.186446 2.170246

6 1. 474983 -0.578019 -1.260493
11.020172 -0.186437 -2.170247
12529741 -0.300720 -1.258765
11.413821 -1.666760 -1.287829

6 0.864650 1.528339 0.000003
1 0.381929 1.950817 - 0.880399
1 0.381933 1.950814 0.880409
11.908986 1.840905 0.000002

Frequencies (cm ™):

72.1401 , 188.151 , 188.2131 ,
214.2437 , 266.0175 , 267.9342 ,
327.4276 , 336.7752 , 351.7125 ,
453.0763 , 462.9141 , 555.678 ,
774.9509 , 910.7703 , 922.1565 ,
926.7502 , 954.2772 , 959.5186 ,
972.3446 , 1042.6824 , 1064.7891 ,
1212.059 , 1227.8809 , 12952272 ,

1357.7122 , 1399.7857 , 1408.0789 ,
1435.3288 , 1480.5727 , 1487.9721 ,
1488.4896 , 1503.0707 , 1504.3892 ,
1518.7856 , 1561.5817 , 3027.2938 ,

3029.8872 , 3040.5647 , 3091.6685 |,
3095.4354 , 3100.5416 , 3100.793 ,
3105.6391 , 3110.5258 , 3121.737

Compound: SyntBuCHOO

Energy (kJ mol = -346.444793572179
1y.
):

Reaction Coordinates:
6 0.674006 0.018836 0.000000

6 -0.425399 -0.994158 0.000003
8 -1.667963 -0.782312 0.000003
8 -2.155760 0.497368 - 0.000001
1 -0.213619 -2.059710 0.000006

6 0.570336 0.896137 1.269013
1 0.678505 0.293952 2.172053
11.379325 1.627869 1.253432

Frequencies (cm ™):

114.1607 , 194.1886 , 205.8697 ,
232.2877 , 242.8082 , 264.5474 ,
311.7319 , 373.5137 , 391.4703 ,
393.826 , 547.4009 , 663.0079 ,
788.1158 , 844.621 , 883.7145 ,
925.5938 , 937.5768 , 946.5911 ,
973.0925 , 1045.3904 , 1059.5755 ,
1212.9554 , 1234.9867 , 1273.5478 ,

1 -0.382295 1.416647 1.304163 1387.4046 , 1388.6852 , 1398.869 ,
6 0.570338 0.896124 - 1.269022 1427.9961 , 1474.7784 , 1491.2046 |,
11.379325 1.627858 - 1.253445 1492.4225 , 1498.8999 , 1508.6258 ,
1 0.678513 0.293930 - 2.172055 1525.3289 , 1552.4378 , 3023.8797 ,
1 -0.382294 1.416630 -1.304181 3030.5664 , 3033.6024 , 3083.1399 ,
6 2.009587 -0.742745 0.000005 3088.7935 , 3089.4 156, 3101.4749 ,
12110730 -1.374102 -0.884612 3138.0935 , 3139.3703 , 3141.242
12.837661 -0.034600 0.000001

12110729 -1.374091 0.884630

Compound: Anti-OCHCHOO con 1 Energy (kJ mol -~ -341.874794351903

1):

Reaction Coordinates:

6 -1.380256 1.277703 - 0.000000
1 -0.955960 1.770134 0.876375

1 -0.955957 1.770135 -0.876373

Frequencies (cm *):
89.6551, 146.6518, 186.4248, 224.6185,
399.2977, 500.0396, 564.1078, 570.7829,

831.647, 915.5553 1012.7049 1032.2613
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1 -2.460742 1.386745 - 0.000002
6 -1.036272 -0.186163 0.000000

6 0.387585 -0.587014 0.000002

8 1.273575 0.315950 0.000000

8 2.568387 -0.027599 -0.000001
10.693149 -1.627188 0.000001

8 -1.860316 -1.079225 -0.000001

1049.9935 1243.359, 1341.157, 1401.107,
1462.5227, 1471.3513 1484.672,
1737.9924, 3041.5794, 3095.8339,
3149.8163 3178.9853

Compound: Anti-OCHCHOO con 2

Energy (kJ mol ~ -341.869209743485
1y.
):

Reaction Coordinates:

62.127294 -0.803805 - 0.000000
12.079125 -1.451555 0.878536
12.079127 -1.451553 -0.878537
1 3.064887 -0.256073 0.000001

6 0.975759 0.169274 - 0.000000
6 -0.372747 -0.463275 -0.000000
8 -1.386227 0.292533 - 0.000000
8 -2.603355 -0.254499 0.000000

1 -0.548493 -1.533793 0.000002

8 1.107522 1.371942 0.000000

Frequencies (cm *):

102.3254, 112.5058, 191.0887, 212.4039,
376.1871, 466.8569, 565.8761, 617.4788,
888.5896, 915.1229, 943.8324, 1043.1568,
1059.09, 1199.1456, 1355.7011, 1393.137,
1461.9568 1471.3795 1484.65,
1758.0848 3027.5069, 3078.7494
3148.8069, 3160.3167

Compound: SynOCHCHOO con 1

Energy (kJ mol - -341.871502609295
1y.
):

Reaction Coordinates:

6 0.824684 1.415296 0.000001

1 0.252348 1.748952 0.866525
11.823703 1.843568 0.000003

1 0.252351 1.748953 - 0.866524
6 0.938768 -0.075163 - 0.000000
6 -0.264153 -0.958412 0.000001

8 -1.493315 -0.652057 0.000001

8 -1.908490 0.625605 - 0.000002
1 -0.094945 -2.028110 0.000003
81.998149 -0.674010 -0.000002

Frequencies (cm ™):

53.3101 , 199.8905 , 242.9936 ,
325.1407 , 348.3545 , 498.05 , 591.87 ,
671.4057 , 819.5133 , 854.8213 ,
929.5827 , 1042.2661 , 1048.7575 ,
1258.0221 , 1357.3156 , 1402.6209 ,
1440.6406 , 1453.1665 , 1487.5244 ,
1727.3454 , 3041.8082 , 3094.7872 ,
3143.9874 , 3190.0379

Compound: SynOCHCHOO con 2

Energy (kJ mol - -341.862276812340
1y.
):

Reaction Coordinates:

62.212569 - 0.366213 - 0.000000
12.378486 -0.992625 - 0.879375
1 2.922410 0.455584 - 0.000001
12.378487 -0.992624 0.879375

6 0.805815 0.192945 0.000000

6 -0.249500 - 0.850623 0.000000

8 -1.514104 -0.688513 0.000000

8 -2.085057 0.507733 - 0.000000
1 0.007673 -1.902228 -0.000001
8 0.561616 1.377686 0.000000

Frequencies (cm *):

56.8625 , 95.6231 , 211.2354 ,
295931 , 342.9427 , 470.109 ,
603.6244 , 693.3941 , 806.2389 ,
873.8416 , 987.0687 , 1009.6464 |,
1039.5672 , 1182.516 , 1373.8337 ,
1390.1633 , 1461.4244 , 1473.5334 ,
1484.3973 , 1748.4762 , 3027.9802 ,
3080.2331 , 3147.2836 , 3182.6552

Compound: (CH;).COO

Energy (kJ mol - -267.942546539936

1)_

Reaction Coordinates:

Frequencies (cm *):
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6
6

8 0.567304
8 1.858053

6
1
1
1
1

- 0.072626 1.465423
-0.377947 0.024683 - 0.000000
- 0.816015 -0.000001
- 0.326037 0.000001
-0.541461 0.000000
-0.192862 -0.877682
-1.721850 -1.628087 -0.000001
-2.301501 -0.192865 0.877685
- 0.976897 2.068002 - 0.000002

- 0.000000

- 1.751450
- 2.301504

1 0.555520 1.695182 0.865234

1 0.555523 1.695181

- 0.865232

154.7878, 180.6109, 277.8128, 307.6135,
363.4465, 483.1866, 99012, 812.4888,
924.0134, 934.3173, 985.9827, 1070.4539,
1093.8612, 1305.1876, 1393.4045, 1409.340
1438.2555, 1458.0039, 1469.8151, 1476.470
1560.106, 3020.3234, 3025.0231, 3060.3596
3065.9584, 3134.9818, 3137.2227

Compound:

Anti-CRCRCHOO con 1

Energy (ki mol - -763.819838560287

1):

Reaction Coordinates:
6 0.069149 0.627138 0.022159

6
8
8
1
9

- 1.236224 0.079680 0.533411
-2.153739 -0.114622 -0.301088
-3.332105 -0.597276 0.118248
-1.394430 -0.148462 1.580273
-0.061230 1.131744 -1.217459

90.470150 1.617642 0.864146

6 1.205189
9 1.356875
9 0.885110
9 2.354927 0.108299

-0.440766 -0.006928
-0.964924 1.217947
-1.420835 -0.855647
- 0.387810

Frequencies (cm ™):

44.3986, 57.0473, 153.6216, 185.5355,
220.3238, 244.4913, 329.0152, 354.6629,
373.6292, 403.3591, 478.9045, 533.1629,
588.2807, 625.4113, 728.0104, 825.9083,
883.5367, 987.1218, 1053.852, 1139.4701,
1192.9705, 1206.8077, 1241.3348
1298.0137, 1341.3819, 1534.4801,
3187.8179

Compound:

Anti -CRCRCHOO con 2

Energy (kJ mol -~ -763.818682766641
1y.
):

Reaction Coordinates:

6

- 0.209949 0.769713 - 0.000001

6 1.290692 0.714352 0.000016

8 1.865913
8 3.206432

- 0.400862 -0.000009
- 0.449944 0.000003

11.873935 1.628647 0.000047

Frequencies (cm *):

54,871, 70.3267, 116.3479, 177.129,
217.1967, 256.1066, 336.8535, 365.3074,
376.2775, 393.3915, 477.5585, 530.2372,
590.7708, 641.6927, 692.4777, 787.0862,
887.8686, 984.3691, 1107.5422,

9 -0.609897 1.470190 1.094503

9 -0.609877 1.470174 -1.094524 1114.7433 1175.4569 1209.0797,

6 -0.963428 -0.591937 0.000002 1211.1947, 1337.2608 1347.8549,

9 -0.648973 -1.297686 -1.088456 1544.616, 3173.6706

9 -0.648980 -1.297676 1.088469

9 -2.277449 -0.364442 -0.000003

Compound: SynCRCRCHOO con 1 Energy (kJ mol -~ -763.816355614179

1).

Reaction Coordinates:

6

- 0.003801 0.701424 - 0.128518

6 1.241007 0.658922 0.730098

8 2.241648
8 2.274088

- 0.082513 0.545868
-0.974731 -0.450052

11.322895 1.331879 1.571843

9 0.288532 0.805216

9
6
9
9

- 1.437493
- 0.663474 1.832436 0.250099

-1.007627 -0.478856 0.080434
-1.264414 -0.596419 1.394913
-2.148787 -0.207742 -0.554718

Frequencies (cm ?):

27.0324, 94.7261, 149.4391, 189.9634,
212.3468, 276.2901, 314.8169, 354.514,
426.5154, 464.8876, 494.3785, 559.4939,
582.4453, 648.1925, 750.1928 774.9641,
830.5958, 945.864, 1066.2727, 1126.2644,
1181.1031, 1213.9794 1227.7939
1289.1019 1369.3086, 1532.2685,
3212.718
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9 -0.525885 -1.629365 -0.367297

Compound: SynCRCRCHOO con 2

Energy (kJ mol ~ -763.816743925882
1y.
):

Reaction Coordinates:

6 0.151655 - 0.282103 0.000000

6 1.047244 0.934668 0.000000

8 2.306717 0.869749 0.000000

8 2.931888 -0.310367 -0.000000
1 0.652384 1.939972 0.000000
90.361554 -1.039417 1.099463
90.361554 -1.039418 -1.099462
6 -1.345243 0.140891 0.000000

9 -1.609795 0.881573 - 1.086690
9 -2.134980 -0.926063 -0.000000
9 -1.609795 0.881573 1.086690

Frequencies (cm *):

63.5645, 71.6863, 136.7132, 216.3012,
216.6225, 246.917, 298.1751, 360.9537,
404.6534, 470.2807, 542.1749, 556.7641,
594.1608, 602.749, 751.3958, 767.793,
875.8626, 958.276, 1030.5662 1141.6776,
1183.7528 1188.334, 1237.0489,
1326.2237, 1377.1304, 1533.5921,
3218.195

Compound:  Anti-CRCHOO

Energy (kJ mol - -526.205978402574

Reaction Coordinates:

6 -0.814124 -0.010987 0.000000
6 0.599627 - 0.529934 0.000001

8 1.532385 0.307937 - 0.000000

8 2.803565 -0.122750 -0.000000
10.814702 - 1.591587 0.000002

9 -0.871266 1.317793 - 0.000001
9 -1.465219 -0.472475 -1.084562
9 -1.465219 -0.472472 1.084563

1

):

Frequencies (cm ™):

53.4225, 186.5103, 191.8874,
388.9843, 394.1412, 416.4183,
552.7580, 560.7356, 699.8777,
883.4653, 889.1822, 988.9465,
1131.2630, 1171.7198, 1270.0033,
1355.9541, 1546.1599, 3188.0668

Compound: SynCRCHOO

Energy (kJ mol - -526.205009675300
1y.
):

Reaction Coordinates:

6 0.544326 0.408563 0.000000

6 -0.965669 0.489858 0.000000

8 -1.720767 -0.517005 -0.000000
8 -1.205470 -1.752491 - 0.000000
1 -1.466000 1.447260 0.000000
91.014961 - 0.207422 1.087387
91.014961 -0.207422 -1.087387
9 1.014961 1.672420 0.000000

Frequencies (cm ™):

83.4264, 179.3385, 247.1426, .2827,
478.5065, 507.3023, ,536.20086,
591.5612, 758.0400, 772.8798,
885.1813, 947.2031, 1151.7894,
1176.1918, 1243.1084, 1364.7774,
1539.7613, ,3220.6741

Compound: Anti-CICHOO

Energy (kJ mol ~ -648.567491157440
1y.
):

Reaction Coordinates:

6 0.000000 0.446097 0.000000

17 -1.534775 -0.276709 0.000000
1 0.093739 1.524821 0.000000

8 1.012621 -0.284105 -0.000000
8 2.237057 0.346936 - 0.000000

Frequencies (cm ?):
229.5392, 303.4732, 458.6682, 865.92, 891.9082,
915.5859, 1291.2838 1476.5172, 3188.0722

Compound: SynCICHOO

Energy (kJ mol - -648.572181521575
1y.
):
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Reaction Coordinates:

6 0.000000 0.842892 - 0.000000

17 -1.279322 -0.251963 -0.000000
1 -0.196377 1.904658 - 0.000000

8 1.205128 0.491035 0.000000

8 1.537978 -0.825865 0.000000

Frequencies (cm *):
241.5659, 471.9135, 657.3934, 752.0452, 869.6006,
902.2343, 1330.4159, 1460.2303 3220.2157

Compound:  Anti-FCHOO

Energy (kJ mol - -288.578114161732
1y.
):

Reaction Coordinates:

6 0.000000 0.583824 - 0.000000
9 -1.138700 1.222551 0.000000
10.914897 1.162472 - 0.000000
8 -0.034852 -0.649166 0.000000
81.201527 -1.309381 -0.000000

Frequencies (cm ™):
268.0562, 334.6853, 573.9602, 880.5495, 899.7337,
1214.4299, 1317.8767, 1591.5708 3211.2991

Compound: SynFCHOO

Energy (kJ mol - -288.580107921778
1y.
):

Reaction Coordinates:

6 0.000000 0.819490 0.000000
91.262219 0.529738 - 0.000000

1 -0.281417 1.862464 0.000000

8 -0.878953 -0.056851 0.000000

8 -0.505866 -1.386529 -0.000000

Frequencies (cm *):
290.6308, 484.5048, 767.7453, 782.9853, 845.1627,
1204.4974, 1343.3329, 1593.0432, 3233.2806

Compound:  Anti-CRCFOO

Energy (kJ mol - -625.3783361
1y.
):

Reaction Coordinates:

6 -0.277404 -0.919423 0.000000
6 0.018963 0.571292 0.000000

8 1.190937 0.987253 0.000000
81.417147 2.337638 0.000000

9 -0.997920 1.369496 0.000000
90.847756 -1.621862 0.000000

9 -0.997920 -1.235503 1.084149

9 -0.997920 -1.235503 -1.084149

Frequencies (cm ™):

41.8080, 154.2443, 183.9192,
293.0541, 346.5294, 372.3393,
406.8758, 515.4784, 576.4030,
659.0393, 728.8220, .5490,
906.9387, 1155.2541, 1155.7283,
1229.1869, 1400.7892, 1601.0242

Compound: SynCRKRCFOO

Energy (kJ mol - -625.3731138
1y.
):

Reaction Coordinates:

6 0.267347 0.734443 0.000000

6 -0.668190 -0.480912 0.000000
8 -0.317071 -1.670141 0.000000
81.031885 -1.966693 0.000000

9 -1.951916 -0.250006 0.000000
91.031885 0.735046 1.087938

9 1.031885 0.735046 -1.087938
9 -0.480015 1.843635 0.000000

Frequencies (cm ™):

58.8820, 180.2110, 218.4479,
269.2791, 292.9260, ,363.8515,
484.2548, 493.0742, 582.0033,
631.0249, 653.9584, 780.2000,
927.2456, 1158.8972, 1195.1079,
1198.3764, 1398.0465, 1580.9318

Compound:  Anti-nPrCHOO con 1

Energy (kJ mol - -307.181067012075
1y.
):

Reaction Coordinates:

Frequencies (cm *):
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6 0.512711 0.900051 0.352587

6 -0.628351 -0.044175 0.360780

8 -1.716841 0.306294 - 0.158476
8 -2.763993 -0.578758 -0.157008
1 -0.595133 -1.044241 0.783547
10.162162 1.860325 - 0.024729
10.838722 1.047214 1.388447

6 1.718464 0.404885 -0.478611
6 2.382827 -0.859440 0.063106
13.259263 -1.116297 -0.531656
11.712335 -1.719384 0.037988
12.712380 -0.722061 1.094869
11.396438 0.248513 - 1.509889
12.446591 1.217711 - 0.501882

57.3891, 98.1852, 175.8113, 241.148,
301.1324, 334.5312 458.2627, 544.0796,
763.1513, 849.6596, 856.3487, 940.4958,
944.6979, 1007.685, 1050.9046,
1112.5895 1152.3069, 1253.9629,
1290.3338 1328.9757, 1361.0412
1386.524, 1422.7998 1470.609,
1493.4645 1503.5391, 1508.228,
1561.8709, 30027804, 3027.4275
3034.0535 3062.0201, 3088.5795
3090.9573 3095.4269, 3144.4718

Compound:  Anti-nPrCHOO con 2

Energy (kJ mol ~ -307.181954702062

1):

Reaction Coordinates:

6 -0.510416 -0.533809 0.254420

6 0.840671 0.037982 0.448086

8 1.770608 -0.289874 -0.328431
8 3.012643 0.262072 - 0.141466
11.086723 0.754922 1.227730

Frequencies (cm ™):

65.6742, 89.2984, 168.4161, 243.394,
300.3373, 336.3777, 384.6076, 578.5347,
746.1612 846.8403, 880.0363, 938.8091,
948.3238, 1020.8924, 1041.6515,
1105.6554, 1178.063, 1258.6457,

1 -0.472029 -1.276942 - 0.542405
1 -0.796891 -1.051416 1.177147 1293.9097, 1328.312, 1357.0746,

6 -1.5678810.545744  -0.055130 1379.8877, 1418.2676, 1469.9779,

6 -2.969708 -0.045433 -0.182435 1494.2577, 1500.3118 1508.8923,

1 -3.6996850.732311  -0.406218 1564.8337, 3000.1766, 3026.0869,

i ggggig -g-ggggzj 0-7‘(‘)2;‘865366 3029.1671, 3055.7101, 3083.0873

1 -1.554761 1.301450 0.733842 3092.4341, 3096.6082 3133.3991

1 -1.292079 1.056298 - 0.979674

Compound:  Anti-nPrCHOO con 3 Energy (kJ mol -~ -307.182121254065

1):

Reaction Coordinates:

6 -0.583661 -1.015023 -0.296147
6 0.655972  -0.483752 0.314407
8 1.529564 0.052851 - 0.409267

8 2.668870 0.538519 0.182102

Frequencies (cm ™):

62.869 , 105.9322 , 178.42 , 247.2197
279.0519 , 351.7739 , 450.114 ,
537.3536 , 779.941 , 818.5202 ,
880.1877 , 936.78 , 946.9433 ,

10.863698 -0.521736 1.381395 992.711 , 1057.1994 , 1095.1244
1 -0.529327 -0.889808 -1.377961 1175.9777 , 1240.3839 , 1283.5495 ,
1 -0.623362 -2.089912 -0.087585 1334.2517 , 1363.6115 , 1384.7879 ,
6 -1.857765 -0.353276 0.271306 1424.3973 , 1467.8791 , 1491.9958 |,
6 -1.987456 1.124798 - 0.088758 1501.1848 , 1504.7684 , 1565.4296 |,
1 -2.911020 1.540876 0.313614 3004.7632 , 3026.2427 , 3029.5516 ,
1 -2.001321 1.266544 -1.170706 3057.3638 , 3083.074 , 3091.2354 ,
1 -1.1587141.712369 0.309177 3096.2382 , 3129.9569

1 -2.715896 -0.90766 2 -0.112369

1 -1.874067 -0.478120 1.356905

Compound:  Anti-nPrCHOO con 4 Energy (kJ mol ~ -307.182218473013

1):

Reaction Coordinates:

Frequencies (cm ?):
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6 0.559948 0.837680 - 0.000000

6 -0.918625 0.737439 0.000000

8 -1.477565 -0.384116 -0.000000
8 -2.852427 -0.435356 0.000000

1 -1.571559 1.606789 0.000000
10.843478 1.448114 - 0.867398

1 0.843478 1.448115 0.867397

6 1.322417 -0.486724 0.000000
11.026689 -1.072181 0.871978
11.026688 -1.072181 -0.871977
6 2.834935 -0.276625 -0.000000
1 3.159938 0.279201 - 0.881610

1 3.159939 0.279202 0.881610
13.359235 - 1.231903 0.000000

80.3561 , 138.497 , 143.0562 ,
240.1337 , 251.5122 , 326.4856 ,
403.5991 , 665.0471 , 720.2753 ,
833.6513 , 861.1925 , 937.5239 ,
940.597 , 998.8708 , 1045.9112 ,
1121.6527 , 1140.4928 , 1253.3391 ,
1318.7091 , 1328.0623 , 1356.1445 ,
1408.6418 , 1420.5347 , 1447.5595 ,
1493.6704 , 1502.631 , 1509.4189 |,
1572.6658 , 2984.0156 , 2995.7929 ,
3024.5283 , 3042.6179 , 3064.2164 ,
3088.9886 , 3096.4366 , 3133.4776

Compound: Anti-nPrCHOO con 5

Energy (kJ mol ~ -307.181910880642

1):

Reaction Coordinates:

Frequencies (cm ™):

6 -0.646564 1.168582 - 0.106263 91.5103 , 128.6726 , 165.1414 ,

6 0.768963 0.764035 - 0.290550 234.3122 , 257.2545 , 335.2353 ,
81.199600 - 0.297590 0.216017 437.5822 , 621.3027 , 783.9881 ,
82.527302 -0.619712 0.046251 804.6133 , 853.8654 , 931.7261 ,
11.487956 1.366564 - 0.840453 944.3601 , 979.8758 , 1064.9686 ,
1 -0.630307 2.096041 0.481611 1098.3415 , 1142.0294 , 1243.1641 ,
1 -1.0287131.471754 -1.088351 1299.4352 , 1342.5786 , 1382.6938 |,
6 -1.574819 0.138873 0.543976 1397.2192 , 1421.2839 , 1446.0822 |,
1 -1.135445 -0.201561 1.482741 1492.1839 , 1502.4825 , 1509.8679 ,
1 -2.501802 0.652459 0.804851 1575.5467 , 2983.9653 , 3006.4971 ,
6 -1.892095 -1.060996 -0.349071 3029.6857 , 3040.2365 , 3068.1115 ,
1 -2.356891 -0.742406 -1.284364 3091.056 , 3106.8837 , 3131.9858

1 -0.996497 -1.630938 -0.593310

1 -2.586423 -1.736456 0.150573

Compound: SynnPrCHOO con 1 Energy (kJ mol -~ -307.186319485581

1):

Reaction Coordinates:

6 0.285432 0.668228 0.497870

6 -1.049098 0.941684 - 0.057703
8 -1.935563 0.055268 - 0.203460
8 -1.639564 -1.2282430.172804

1 -1.3838611.917230 - 0.392884
10.151341 -0.015671 1.340227

1 0.723466 1.603842 0.847870

6 1.227476 -0.005676 -0.532167
6 2.575066 - 0.359093 0.090501
12.452742  -1.064906 0.913237
13.231716 -0.819367 -0.648175
13.0811320.52 6489 0.480114
10.737878 -0.902983 -0.907260
11.373348 0.668309 - 1.378889

Frequencies (cm ™):

75.9689, 108.778, 192.5411, 242.726,
304.6045, 370.2883, 530.2874, 660.9098,
761.4841, 813.2105, 890.0174, 891.9084,
911.7306, 1005.6927, 1028.0212,
1100.0583 1155.1074, 1267.776,
1303.4333 1333.2206, 1362.6453
1371.794, 1415.3463 1458.7502,
1495.6888 1499.5993 1506.1713
1555.9629 3023.2799, 3024.8293
3035.9697, 3072.9839 3081.5503
3093.742, 3104.0287, 3163.9706

Compound: SynnPrCHOO con 2

Energy (kJ mol - -307.185660079521

1):

Reaction Coordinates:

Frequencies (cm *):
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6 0.255765 0.313774 0.974048

- 0.680101 0.949916 0.031150
-1.668082 0.350781 -0.476881
-1.873039 -0.962135 -0.146435
- 0.613517 1.980706 - 0.298130
-0.350753 -0.266871 1.674525
0.794575 1.095047 1.511994

6 1.261262 - 0.649544 0.291947

6 2.244554 0.048632 - 0.644547
12.816105 0.820118 - 0.123847
12.956281 -0.666984 -1.056694
11.735636 0.520847 - 1.486956
11.806084 -1.156271 1.090092
10.695661 -1.412427 -0.240044

PR, PFEP 00O

63.9642, 119.7899, 188.0012, 242.8649,
326.7743, 372.7058, 539.8268, 665.4507,
760.6731, 816.3104, 886.1695, 891.8698,
897.229, 987.3466, 1043.8406, 1103.3874,
1134.3635 1258.1987, 1280.6656,
1344.6388 1361.5194, 1380.9147,
1419.4438, 1457.1881, 1496.5986,
1502.6063 1506.2974, 1555.4388
3020.8301, 3023.7021, 3044.9949,
3069.0258 3079.3221, 3090.523],
3105.7184, 3166.487

Compound: SynnPrCHOO con 3

Energy (kJ mol ~ -307.184497672213
1y.
):

Reaction Coordinates:

6 0.329268 0.946748 0.574690

6 -0.751053 0.871057 - 0.426047
8 -1.657962 -0.005345 -0.447450
8 -1.670995 -0.987455 0.506390

1 -0.849684 1.579057 - 1.242648
1 0.018056 0.383627 1.452914

1 0.457681 1.999678 0.838805

6 1.679790 0.406595 0.037861

6 1.673698 -1.090419 -0.260631
10.934583 -1.348461 -1.019795
12.651756 -1.409754 -0.622303
11.432513 -1.668026 0.630983
11.961357 0.967869 - 0.856843
12.435180 0.634528 0.792128

Frequencies (cm ™):

53.7657, 98.8056, 189.4119, 258.0978,
308.7251, 375.9105, 540.1885, 641.0404,
781.6319, 802.1913, 877.5309, 884.4448,
910.571, 974.2216, 1048.7562 1097.0622,
1167.4631, 1247.3852 1279.0684
1345.898, 1366.9992 1386.6266,
1428.171, 1462.0446, 1488.4836,
1499.0387, 1501.4274, 1559.5203
3020.3561, 3029.6266, 3034.852,
3055.1886, 3093.766, 3104.5469,
3108.2332, 3155.7172

Compound: SynnPrCHOO con 4

Energy (kJ mol - -307.187234925581
1y.
):

Reaction Coordinates:

6 0.262782  -0.150022 0.000003

6 -0.870210 0.784104 0.000002

8 -2.070834 0.399027 - 0.000001
8 -2.298821 -0.951664 -0.000001
1 -0.773220 1.864746 0.000003
10.127021 -0.820901 -0.858749
10.127025 -0.820894 0.858761

6 1.632752 0.527182 - 0.000003
11.718163 1.176460 0.875323
62.778302 -0.482165 -0.000000
12736619 -1.125179 -0.880792
12736623 -1.1251700.880799

1 3.745086 0.020989 - 0.000004
11.718160 1.176452 - 0.875334

Frequencies (cm ™):

84.7541, 97.7522, 149.1674, 245.1554,
319.834, 395.4879, 464.8931, 686.4635,
700.8163, 780.4966, 887.4962, 891.2703,
926.1719, 1034.4076, 1065.5998
1114.2849 1147.9493 1237.0182
1281.4425 1323.1078 1361.7626,
1396.2937, 1420.2587, 1428.2612,
1494.3379, 1500.9083 1509.9075
1560.8583 2990.6098 2996.2171,
3016.762, 3027.7137, 3044.8921,
3086.7411, 3095.499, 3159.215

Compound: SynnPrCHOO con 5

Energy (kJ mol - -307.186732727465
1y.
):

Reaction Coordinates:

Frequencies (cm *):




6 -0.205942 0.641897 - 0.085374
6 0.590230 -0.557000 - 0.380454
8 1.824682 -0.631311 -0.134533
8 2.418927 0.461411 0.440462
10.198132 -1.457442 -0.840990
10.274211 1.473455 - 0.617889

- 0.034583 0.893591 0.969095
-1.692408 0.511295 - 0.420875
-1.806720 0.201905 - 1.463399

-2.444352 -0.453842 0.495620
-2.381481 -0.132896 1.536793
-2.040316 -1.466844 0.440426
- 3.499146 -0.508516 0.226356
- 2.144142 1.501843 - 0.351328

PRRRPROROR

66.391, 116.9869, 184.1646, 246.6209,
298.8611, 434.6715, 463.449, 681.6291,
728.2433, 785.0073, 874.0906, 891.423,
913.6468, 1004.7568 1070.0682,
1097.643, 1144.8899, 1220.7339,
1285.0691, 1339.4048 1374.5446,
1379.9094, 1419.9597, 1428.1661,
1493.5375 1501.8971, 1508.0264
1560.9653 2994.014, 3000.9149,
3023.5939, 3026.2834, 3057.6537,
3084.2212, 3094.2295 3161.356

6.2.2 Aldehyde and Ketones

Compound: HCHO

Energy (kJ mol - -114.386051813463

1):

Reaction Coordinates:

6 -0.000000 -0.526970 -0.000000
8 0.000000 0.673271 0.000000

1 -0.000000 -1.1121730.938294

1 -0.000000 -1.112173 -0.938294

Frequencies (cm *):
1198.1780, 1262.9587, 1530.2218,
1813.2454, 2885.3911, 2940.0951

Compound: CHCHO

Energy (kJ mol - -153.656268371812
1y.
):

Reaction Coordinates:

6 -0.930255 -0.717875 -0.000000
6 - 0.000000 0.459414 0.000000

8 1.202268 0.385569 0.000000

1 -0.496506 1.452140 0.000000

1 -0.376434 -1.653591 - 0.000000
1 -1.581838 -0.666172 0.876235

1 -1.581838 -0.666172 -0.876235

Frequencies (cm *):

157.49, 509.7923 774.8566, 886.2424,
1129.3368 1135.746, 1379.3886,
1421.9604, 1459.9658 1469.2145
1805.3067, 2868.8104, 3021.8671,
3072.7019, 3134.3627

Compound: EtCHO con 1

Energy (kJ mol ~ -192.913837029760
1y.
):

Reaction Coordinates:

6 -0.543174 0.724333 - 0.000000
6 0.930840 0.419433 - 0.000000
8 1.409880 -0.686094 0.000000
11.589155 1.313513 - 0.000000

Frequencies (cm ™):

137.5718 , 225.4743 , 252.4946 ,
667.9491 , 671.0327 , 846.7328 ,
905.066 , 1004.0188 , 1110.2803 ,
1147.8003 , 1282.794 , 1365.2956 ,

1 -0.730675 1.368894 0.867197 1410.3368 , 1424.1161 , 1448.5397 ,
1 -0.730677 1.368896 -0.867194 1494.3937 , 1501.1112 , 1800.8127 ,
6 -1.449528 -0.498268 -0.000000 2864.479 , 3000.2219 , 3017.4543 ,
1 -1.269156 -1.118012 -0.877396 3043.9519 , 3106.2238 , 3108.9258

1 -1.269148 -1.1180180.877391

1 -2.497367 -0.199511 0.000006

Compound: EtCHO con 2 Energy (kJ mol -~ -192.912338568899

1):

Reaction Coordinates:

Frequencies (cm *):
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6 0.471414 0.591563 0.144443

6 -0.783366 -0.223964 0.305786
8 -1.809862 -0.045796 -0.298860
1 -0.710126 -1.048102 1.048532
1 0.303006 1.346400 - 0.622882

1 0.640985 1.108503 1.095741

77.0701 , 211.6772 , 328.3854 ,
508.5738 , 759.2011 , 873.8252 ,
921.0946 , 1006.6118 , 1133.4945 ,
1159.9478 , 1273.7425 , 1328.0464 ,
1410.4146 , 1423.6601 , 1467.8018 ,
1501.4797 , 1505.8218 , 1801.2012 ,

61.686869 -0.286831 -0.176400 2850.7386 , 3007.6748 , 3032.5054 ,
11.828702 -1.060701 0.579780 3081.0494 , 3099.782 , 3103.2068
11571813 -0.777932 -1.142881

1 2.595014 0.313595 - 0. 210385

Compound: iPrCHO con 1 Energy (kJ mol = -232.172228330803

1):

Reaction Coordinates:
6 -0.424807 0.011130 0.411567

6 0.937214 -0.612380 0.203295
81.895814 -0.060080 -0.272802
11.009145 -1.672468 0.529672

6 -1.493645 -0.870458 -0.255268
1 -1.420692 -1.909310 0.070614

1 -2.491461 -0.511411 -0.004487
1 -1.391113 -0.848333 -1.341472
1 -0.591607 -0.042692 1.496286

6 -0.483246 1.465361 - 0.041068

1 0.282622 2.063530 0.450349
1 -0.317857 1.543102 -1.116023
1 -1.4586 48 1.896299 0.186320

Frequencies (cm ™):

94.38, 199.3595, 228.0336, 270.2049,
343.142, 400.1517, 638.9295, 791.9112,
913.8814, 925.7399, 945.4003, 974.5251,
1129.0298 1154.3785 1201.6496,
1304.4207, 1354.5164, 1404.0355
1410.1452, 1431.8869, 1486.4235
1490.7128 1504.6756, 1509.354,
1798.0552 2852.8215 2972.8853
3026.5846, 3037.3535, 3086.6913
3095.4317, 3098.8093 3108.0968

Compound: iPrCHO con 2

Energy (kJ mol - -232.171466830656
1y.
):

Reaction Coordinates:

6 0.341720 0.000000 - 0.340819
6 -0.997632 0.000023 0.357561

8 -2.071058 0.000007 - 0.188449
1 -0.935722 0.000055 1.469066

6 1.115632  -1.269194 0.042815
10.585418 -2.169521 -0.268298
12.095803 -1.271210 -0.435015
11.273172 -1.323710 1.122300
10.142848 -0.000001 -1.413593

6 1.115677 1.269168 0.042806
1 0.585496 2.169513 - 0.268310
11.273222 1.323684 1.122291
12.095848 1.271148 - 0.435025

Frequencies (cm ™):

69.7947, 205.9689, 225.4671, 330.2493,
331.4338, 352.8203, 544.3316, 843.4077,
911.982, 931.9916, 958.9973, 981.0885,
1132.403 1180.9634, 1183.6461,
1320.7455, 1345.2516, 1398.9327,
1408.2364, 1426.0614, 1488.4443
1491.9585 1504.0805, 1511.3597,
1799.7755 2838.1938 3022.4608
3025.208, 3052.1002, 3082.0856,
3089.2092, 3095.9544, 3096.6206

Compound: tBuCHO

Energy (kJ mol~ -271.432768566988
1y.
):

Reaction Coordinates:

6 0.327863 0.027002 0.000000

6 -1.038328 -0.639844 0.000003
8 -2.101561 - 0.075616 0.000001
1 -0.996024 -1.751482 0.000005
6 1.069906 - 0.463705 1.258254
11.127500 -1.553428 1.290144
12.089773 -0.076452 1.262388

Frequencies (cm *):
81.7708 , 195.9456 , 243.2167 ,

2445766 , 272.8523 , 322.6699 |,
347.3042 , 387.3488 , 401.0632 ,
594.2683 , 763.1273 , 877.7581 ,
927.1989 , 949.846 , 961.6521 ,

968.464 , 1056.6159 , 1071.9643 |,
1226.8546 , 1234.5254 , 1290.9903 ,
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10.574689 -0.122370 2.168152

6 1.069897 -0.463701 -1.258260
10.574675 -0.122362 -2.168153
12.089765 -0.076449 -1.262399
11.127490 -1.553424 -1.290154

6 0.194291 1.549358 0.000003

1 -0.349217 1.895976 -0.878376
1 -0.349210 1.895974 0.878387
11.181275 2.014285 - 0.000001

1396.8823 , 1403.7876 , 1408.1713 ,
1436.9589 , 1479.7446 , 1486.5007 |,
1488.148 , 1499.8075 , 1506.854 ,
1519.3097 , 1797.847 , 2844.414
3020.6027 , 3023.7014 , 3035.2588 |,
3082.3301 , 3085.7412 , 3090.5506 |,
3090.9174 , 3097.7377 , 3105.997

Compound: OCHCHO con 1

Energy (ki mol -~ -266.852222733238

1):

Reaction Coordinates:

6 1.686244 -0.639816 0.000000
11.703444 -1.293431 -0.876216
12.564025 -0.000453 0.000000
11.703443 -1.293430 0.876217

6 0.432933 0.193453 - 0.000001

6 -0.901455 -0.603806 -0.000000
8 -1.973369 -0.071325 0.000000

1 -0.799929 -1.708511 0.000001

8 0.413704 1.395930 0.000000

Frequencies (cm ™):

47.3713 , 128.1887 , 263.2023 ,
401.0914 , 459.8692 , 636.677 ,
798.6621 , 875.4651 , 969.6703 ,
1074.1133 , 1175.5864 , 1387.5164 ,
1401.8205 , 1460.3017 , 1467.9025 ,
1792.6692 , 1827.3837 , 2878.3114 ,
3022.7027 , 3070.5679 , 3146.1316

Compound: OCHCHO con 2

Energy (kJ mol - -266.860539824510

1):

Reaction Coordinates:

6 -0.882013 1.273803 0.000000

1 -0.446243 1.763739 -0.872659
1 -1.961896 1.389470 0.000000

1 -0.446243 1.763737 0.872660

6 -0.521809 -0.181039 -0.000001
6 0.971192 - 0.544801 0.000000

8 1.852626 0.271981 0.000000

Frequencies (cm ™):

83.9092 , 120.9176 , 247.4205 ,
467.0722 , 483.6734 , 568.3116 ,
777.5089 , 907.5434 , 1011.4438 ,
1081.1489 , 1240.6326 , 1360.532 ,
1393.964 , 1456.9239 , 1461.6638 ,
1778.9799 , 1798.1316 , 2932.8523 ,
3039.5034 , 3090.9298 , 3148.8663

11.154434 - 1.635290 0.000001
8 -1.315661 -1.093160 0.000000
Compound: (CH;).CO Energy (kJ mol - -192.924334709876

1):

Reaction Coordinates:

6 -1.287796 -0.611342 0.000009

6 - 0.000000 0.184263 0.000001

8 0.000000 1.394544 - 0.000000
6 1.287796 -0.611342 -0.000008
1 2.142292 0.059795 - 0.000458
11.329612 -1.261732 - 0.876460
1 1.329998 -1.260974 0.876992

1 -2.142291 0.059795 0.000470

Frequencies (cm *):

27.6477, 131.5768, 380.6368, 490.9686,
535.2152, 782.9184, 886.7496, 887.4282,
1085.1731, 1120.8963 1233.7118
1387.5641, 1387.871, 1459.7874,
1465.7347, 1470.3334, 1488.1926,
1781.7479 3025.4845, 3032.6623
3076.7144, 3084.1624, 3137.7556,

1 -1.330002 -1.260963 -0.876999 3138.7532
1 -1.329607 -1.261743 0.876452
Compound: CRCFO Energy (kJ mol -~ -550.398192942521

1)_

Reaction Coordinates:

Frequencies (cm *):
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6 -0.590884 0.016760 - 0.000000
6 0.950258 0.161191 - 0.000000

8 1.560686 1.164510 0.000000
91511346  -1.053957 - 0.000000
9 -0.986585 -0.656718 1.087722

9 -1.165035 1.213645 - 0.000003
9 -0.986585 -0.656723 -1.087719

43.7845, 226.0109, 238.7949,
378.7825, 419.3861,1. 512.0808,
584.7772, 688.3344, 765.2522,
800.0823, 1086.2930, 1167.3575,
1222.6180, ,1305.3726, 1935.9581

Compound: CRCRCHO con 1

Energy (kJ mol ~ -688.812957684290
1y.
):

Reaction Coordinates:

-0.422322 0.474806 -0.007111
-1.578544 -0.376488 0.578734
-2.411136 -0.878783 -0.111479
-1.564497 -0.448302 1.679382

- 0.698082 0.855351 - 1.264304
-0.294172 1.582858 0.773134

6 0.938571 -0.268521 -0.002943
91.226271 -0.667494 1.247370
90.872605 -1.348671 -0.787048
9 1.918640 0.522377 - 0.435778

O OPF 00oOd

Frequencies (cm ™):

51.5838 , 63.0683 , 193.5618 ,
211.5132 , 256.0864 , 305.4401 ,
356.7146 , 378.5992 , 447.2778 ,
535.8368 , 576.8438 , 597.3911 ,
723.1946 , 791.5991 , 919.2348 ,
1072.488 , 1137.8257 , 1184.1741 ,
1198.6606 , 1237.1088 , 1317.8364 ,
1396.8437 , 1843.4596 , 2961.9338

Compound: CRCRCHO con 2

Energy (kJ mol - -688.812777288418
1y.
):

Reaction Coordinates:

- 0.437650 0.570319 0.000000
-1.776191 -0.200583 0.000000
-1.870643 -1.390064 - 0.000000
- 2.642222 0.486317 0.000000

- 0.424425 1.368847 -1.097860
- 0.424425 1.368847 1.097860

6 0.851157 - 0.287979 0.000000
90.893553 -1.059323 1.088778
90.893553 -1.059323 -1.088778
9 1.926575 0.508024 0.000000

O ORFr 0o O,

Frequencies (cm ™):

69.26 , 76.1892 , 150.7349 , 212.3416 ,
273.9584 , 302.4093 , 345.8929 ,
419.3262 , 424.4234 , 511.1899 ,
581.8153 , 587.6043 , 688.2018 ,
767.8071 , 974.4221 , 1102.9404 ,
1137.7221 , 1174.2323 , 1204.6731 ,
1208.8089 , 1317.4186 , 1420.6831 ,
1843.9034 , 2940.2234

Compound: CRCHO

Energy (kJ mol ~  -451.199957828211
1y.
):

Reaction Coordinates:

6 0.015009 0.360282 0.000000

6 0.501814 -1.106406 - 0.000000
8 -0.245475 -2.035870 - 0.000000
11.601864 -1.198064 - 0.000000
9 0.501814 0.987869 1.088491

9 0.501814 0.987869 -1.088491

9 -1.307962 0.464459 0.000000

Frequencies (cm ™):

73.5798, 250.7650, 307.2813,
422.6928, 518.9491, 524.0490,
701.8523, 834.5377, 974.2730,
1150.4161, 1174.8562, 1288.1325,
1403.3576, 1849.8517, 2955.8187

Compound: CICHO

Energy (kJ mol = -573.573415675277
1y.
):

Reaction Coordinates:

6 0.000000 0.806099 0.000000

17 -0.473506 -0.921812 0.000000
1 -0.898423 1.430438 0.000000
81.118503 1.175472 - 0.000000

Frequencies (cm ?):
445.4726, 717.2277, 947.4225, 1321.5214,
1845.7994, 3051.6439

253




Compound: FCHO

Energy (ki mol -~ -213.595002968390

1):

Reaction Coordinates:

6 0.000000 0.400194 0.000000

9 -0.967389 -0.541739 0.000000
1 -0.464528 1.390119 0.000000

8 1.146378 0.135546 - 0.000000

Frequencies (cm ™):
661.6044, 1029.8624, 1055.9306,
1362.001, 1882.619, 3084.6994

Compound: nPrCHO con 1 Energy (kJ mol~ -232.170419945897
1y.
):

Reaction Coordinates: Frequencies (cm ™):

6 -0.097122 0.733975 0.000001 79.0249 , 171.9653 , 191.8132 ,

6 -1.565367 0.404295 - 0.000000
8 -2.028030 -0.708387 -0.000001
1 -2.238126 1.287813 0.000000

1 0.081540 1.382468 - 0.867462

1 0.081539 1.382470 0.867462

6 0.841647 -0.466402 0.000003
10.624032 -1.088297 0.870079
10.624027 -1.088304 -0.870067
6 2.314355 -0.061509 - 0.000002

1 2.563923 0.533617 - 0.880971
1 2.563927 0.533624 0.880961
12.962296 - 0.938444 0.000000

244229 3, 344.4104 , 666.0703 ,
692.8205 , 790.8347 , 852.1237 ,
951.5362 , 961.9475 , 1043.9681 ,

1133.3022 , 1156.6431 , 1256.8694 ,
1317.3106 , 1325.6864 , 1395.4313 ,
1415.1439 , 1419.5698 , 1447.599 ,
1491.6665 , 1501.7294 , 1508.6961 |,
1799.3454 , 2861.5282 , 2989.48 ,

3006.1864 , 3020.0669 , 3039.5484 ,
3058.8197 , 3083.8279 , 3087.8297

Compound: nPrCHO con 2

Energy (kJ mol =~ -232.170348997214

1):

Reaction Coordinates:

6 0.199645 1.019758 0.141947

6 1.415581 0.135016 0.236253
81.523900 -0.957904 - 0.259595
1 2.262649 0.575269 0.803554

1 -0.029844 1.367689 1.156366

Frequencies (cm ™):

99.5657 , 162.1953 , 1955618 ,
274.8177 , 362.6911 , 656.9668 ,
703.4042 , 786.5623 , 844.3608 |,
936.0297 , 969.4128 , 1057.1531 |,
1115.6621 , 1146.5275 , 1253.2475 ,

1 0.531469 1.920463 - 0.390414 1297.9877 , 1376.1737 , 1381.507 ,
6 -1.022395 0.397694 - 0.529479 1413.563 , 1419.1272 , 1443.705 ,

1 -1.724891 1.196104 -0.777518 1486.4416 , 1500.17 , 1510.136 ,

1 -0.713996 -0.053718 -1.473928 1799.5379 , 2861.6032 , 2993.2277 ,
6 -1.724791 -0.650424 0.334054 3013.3291 , 3024.6457 , 3033.6785 ,
1 -1.059489 -1.481653 0.564841 3062.7094 , 3084.3356 , 3103.6045

1 -2.067959 -0.217559 1.276486

1 -2597370 -1.055625 -0.179274

Compound: nPrCHO con 3 Energy (kJ mol = -232.169370024577

1):

Reaction Coordinates:

6 0.118374 - 0.465499 0.251195

6 1.458818 0.215512 0.288500

8 2.419405 -0.106593 -0.363825
11.521548 1.084936 0.978300
10.170448 -1.311078 -0.435125
1 -0.078575 -0.854737 1.257306

6 -1.009186 0.503603 -0.136768
1 -0.987093 1.370844 0.528866

Frequencies (cm ™):

68.7684 , 96.8771 , 235.1684 ,
254.6435 , 380.387 , 515.9786 ,
746.7568 , 805. 7749, 901.2618 ,
953.5301 , 1005.3719 , 1041.2682 ,
1137.0209 , 1165.6705 , 1254.7152 ,
1290.5464 , 1329.9931 , 1379.6366 ,
1415.7718 , 1421.7209 , 1466.9131 ,
1494.153 , 1500.1553 , 1509.006 |,
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1 -0.821525 0.883269 -1.143889
6 -2.389081 -0.148570 -0.081681
1 -2.616927 -0.504401 0.924822

1 -2.448282 -1.003756 - 0.756908
1 -3.168382 0.557398 - 0.370252

1799.3304 , 2852.6102 , 2998.645 ,
3017.4256 , 3024.9442 , 3044.3664 ,
3080.8028 , 3088.5077 , 3090.2776

Compound: nPrCHO con 4

Energy (kI mol - -232.169477639287
1y.
):

Reaction Coordinates:

- 0.155968 0.842209 - 0.360288
-1.228391 0.075748 0.366894
-2.074188 -0.605771 -0.154061
-1.202106 0.180973 1.473895

- 0.219596 0.615075 - 1.425055
- 0.390638 1.904968 - 0.228506
6 1.248991 0.566634 0.197494
11.943330 1.283618 - 0.243997
11.253859 0.764684 1.273298

6 1.737771 -0.856377 -0.069868
11.770445 -1.064835 -1.140641
11.083177 -1.600367 0.387544
12.740619 -1.00 7240 0.330553

PRPPFRPOOO®

Frequencies (cm ™):

68.4528, 118.7583, 216.731, 302.3159,
396.1621, 511.5794, 755.9297, 774.6293,
898.4108, 946.3573, 979.0731, 1056.5192,
1125.8027, 1160.8035 1238.2905
1281.6809, 1351.1196, 1376.0608
1418.2633 1422.1193 1461.9924,
1492.0975, 1501.3307, 1505.2713,
1799.7486, 2845.5201, 3003.1553
3017.902, 3026.1685 3051.7702,
3079.617, 3086.974, 3091.144

Compound: nPrCHO con 5

Energy (kJ mol - -232.167656622638
1y.
):

Reaction Coordinates:

6 -0.188305 0.723213 0.418471

6 -1.178795 -0.385544 0.184842

8 -2.274620 -0.231140 -0.295053
1 -0.847013 -1.401782 0.480098

1 -0.676292 1.665685 0.170991

1 0.055799 0.733347 1.486996

6 1.115237 0.558484 - 0.389455
1 0.867846 0.473053 - 1.450287
11.684892 1.483908 - 0.285759

6 1.991488 -0.6 19543 0.038389
11.498318 -1.579572 -0.116221
12.256337 -0.549266 1.095310
12.919322 -0.635924 -0.534185

Frequencies (cm ™):

32.5075, 106.1833, 230.6751, 282.4868,
401.4827, 502.8874, 750.1966, 820.4108,
872.2837, 955.4863, 982.8532, 1050.0988,
1137.8552 1149.2595 1249.7828,
1288.7109, 1342.9645 1376.2946,
1419.3167, 1427.9824, 1469.4841,
1495.2402, 1503.2179 1509.413,
1794.2093 2876.4281, 3003.0939
3025.2069, 3028.2935, 3053.6752,
3085.6866, 3087.6659, 3092.9057

6.2.3 Epoxide

Compound: MeCH(O)CH epoxide

Energy (kJ mol - -192.878663433749
1y.
):

Reaction Coordinates:

6 -1.508220 0.097295 -0.148746
6 -0.152958 -0.033618 0.484762

6 1.040045 0.616688 -0.061356
1 0.953858 1.210439 -0.965730
1 1.864601 0.879926 0.592659

8 0.828990 -0.789185 -0.238075
1 -0.153870 -0.247576 1.550743

1 -1.4186830.319184 -1.211821
1 -2.074599 -0.828747 -0.037983
1 -2.076426 0.898071 0.328772

Frequencies (cm ?):

206.9689, 367.2093, 410.1583, 770.2174,
842.076, 907.7501, 972.2655, 1042.6983
1129.1516, 1156.8279, 1166.8292
1189.2541, 1293.3958 1406.7794,
1438.6459, 1483.164, 1496.9703
1529.0015 3027.8395 3080.6169,
3084.617, 3087.9567, 3109.3484,
3163.9921
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Compound: MVK epoxide 1

Energy (kJ mol ~ -306.085253261747
1y.
):

Reaction Coordinates:

6 2.038053 -0.662345 0.054704

6 0.786358 0.178150 -0.014888

6 -0.509862 -0.589469 -0.125013
6 -1.672912 -0.147652 0.669190

1 -2.400258 -0.885087 0.991096

1 -1.563704 0.737727 1.285160

8 -1.610151 0.085568 -0.727499
1 -0.429169 -1.641442 -0.381104
8 0.799777 1.384927 0.028628
12178921 -1.190621 -0.891664
11.946886 - 1.424690 0.831905
12.900495 -0.031953 0.251609

Frequencies (cm ™):

59.3766, 128.7536, 238.073, 266.2238,
374.635, 593.4428, 611.4556, 763.4566,
866.6265, 891.2063, 956.7035, 995.5147,
1058.3488 1100.7998 1161.1896,
1165.9146, 1197.2407, 1276.3587,
1384.3475 1413.5506, 1463.6677,
1473.9134, 1508.1708 1789.418,
3025.4932, 3076.2812 3088.1766,
3116.7276, 3142.22, 3183.5725

Compound: MVK epoxide 2

Energy (kJ mol - -306.088513722259
1y.
):

Reaction Coordinates:

6 1.189939 1.271715 0.081328

6 0.866183 -0.196251 -0.021157
6 -0.566270 -0.592823 -0.248650
6 -1.635483 -0.142820 0.660098

1 -2.496959 -0.785349 0.802985

1 -1.398787 0.519029 1.486012

8 -1.497983 0.422872 - 0.636579
1 -0.682880 -1.550471 -0.744110
81.706168 - 1.065329 0.055880
10.517612 1.787253 0.767438
11.047793 1.737605 - 0.896035
12.221528 1.392670 0.399584

Frequencies (cm ™):

91.8198, 110.1739, 234.6262, 263.4874,
478.3598, 506.3708 595.9417, 739.7356,
858.0709, 896.9919, 931.2284, 1011.6297,
1065.5649, 1097.0453 1154.8359
1165.8901, 1249.4673 1272.1889
1387.5027, 1393.4862 1457.9142
1469.6452 1524.813, 1772.6261,
3040.1397, 3090.4468 3094.1255
3138.5166, 3144.7729, 3178.0915

6.2.4 Oxygen
Compound: O Energy (kJ mol -~ -150.147598743643
1y.
):
Reaction Coordinates: Frequencies (cm ™):
8 0.000000 0.000000 0.602585 1614.3238

8 0.000000 0.000000 - 0.602585
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6.3 Ozonolysis of Propene (Alkene 1)

Compound: MeCHCH+ O; PRC1 Energy (kJ mol - -342.973340622844

1):

Reaction Coordinates:
6 2.046171 -0.757081 0.514567

11.068868 1.835740 0.648039

1 2.105661 -0.251830 1.477924
11.478727 -1.680958 0.645647
13.055910 -1.045358 0.210847
8 -1.512327 0.661928 0.752210

8 -1.842990 -0.098257 -0.199497
8 -1.160183 -1.151847 -0.354451

Frequencies (cm ™):
38.8907, 70.1551, 90.066, 100.3661,

gg-gg?gg; g-ég;gji 82?2‘1%2 129.2045, 212.2132, 276.861, 427.6039,
10531913 1 938242 1112496 602.623, 741.8813, 925.1872, 952.2453,

956.0315, 1008.9446, 1069.5981,

11.323959 -0.317086 - 1516737 1163.1981 1192.1138 1196.8335

1325.778, 1407.2116, 1449.5641,
1477.8939, 1493.0218 1667.0177,
3019.2457, 3064.5642, 3098.9453
3134.0848 3139.2265 3220.6033

Compound: MeCHCH+ O; TSz01 Energy (kJ mol =~ -342.964246608645

1):

Reaction Coordinates:

6 -1.110850 0.185356 0.526972
6 -0.481983 1.364071 0.249512
10.044756 1.912973 1.015219

8 1.635810 -0.360818 0.205516
8 0.688422 -1.232732 0.155476

1 -0.647546 1.872572 - 0.689368

Frequencies (cm ™):

6 -2.033369 -0.503898 -0.421156 -195.1873, 83.5637, 131.979, 180.8475,

224.0039, 352.6094, 427.7067, 456.8352,
682.3138, 743.3604, 919.2146, 949.3388§,
962.0258, 990.9226, 1054.6825

1 -1.080407 -0.191077 1.541692 1085.5173 1117.2666 1199.1591,
1 -1.849166 -1.578058 - 0.436073 1300.8936, 1407.9286, 1445.1137,
1 -1.924197 -0.119125 - 1.434144 1476.5941, 1492.8063 1591.4831,
1 -3.071437 -0.358797 -0.108116 3019.9589, 3076.4735 3109.7043
81.4614180.617093 - 0.613638 3154.1064, 3165.2523 3245.1805

IRC:
0_
_g -50 |
2
< -100
o
@
& -1501
[}
2
S 2001
o
-250
2 4 0 1 2 3
Reaction Co-ordinates (amu'” bohr)
Compound: MeCHCH+ O; POZ1 Energy (kJ mol -~ -343.063267068713

1)_

Reaction Coordinates:

Frequencies (cm *):
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6 -2.050387 0.025192 - 0.245438
6 -0.701157 -0.038194 0.438893

6 0.246523 1.167424 0.181761

1 -0.151447 1.870719 - 0.548496
10.491174 1.681784 1.113020

8 1.410517 0.590862 - 0.404377
81.391085 -0.754568 0.128139

8 0.032978 -1.138922 -0.110778
1 -0.811837 -0.188223 1.515612

1 -1.931064 0.181911 - 1.317147
1 -2.637065 0.846341 0.167823

1 -2.606274 -0.898030 -0.085981

75.1327, 229.9592, 316.7004, 364.9438,
462.5479, 667.3721, 717.3333, 743.3922,
839.0161, 906.0755, 933.0356, 962.7378,
994.9027, 1078.8553 1146.0166,
1166.3657, 1235.2029, 1332.5979,
1351.3282, 1390.4342, 1416.348,
1486.5674, 1500.2498 1512.1843
3023.4868 3037.8377, 3039.6458,
3100.108, 3104.1246, 3113.6936

Compound: MeCHCH+ O; PRC 2

Energy (kJ mol = -342.973281732246

1):

Reaction Coordinates:

62.122525 -0.742209 -0.531744
6 1.459586 0.116335 0.496454

6 0.975341 1.340484 0.275489
11.047800 1.810920 -0.697473
1 0.511754 1.915285 1.063783

11.389971 -0.298113 1.496664
13.146442 -0.982935 -0.233810
11.600609 -1.696077 -0.641658
12.155223 -0.253003 -1.505010
8 -1.736533 0.801348 - 0.451900
8 -1.633209 -0.454117 -0.385960

8 -1.279821 -0.945198 0.722399

Frequencies (cm *):

35.9939, 49.1724, 78.4193, 94.9363,
117.9646, 211.3654, 257.3273, 427.3409,
603.4208, 742.7204, 924.135, 951.236,
959.3925, 1011.0515, 1069.5952,
1168.0601, 1194.718, 1197.6079,
1326.2731, 1408.371, 1451.0589
1477.7041, 1494.3744, 1672.3857,
3015.9712 3057.2143 3094.5576,
3136.0295, 3141.2178 3226.5704

Compound: MeCHCH + O; TSz02

Energy (kJ mol - -342.962560927001

1):

Reaction Coordinates:

-1.926380 -0.562291 -0.477319
-1.129988 0.244089 0.497661
-0.475375 1.395306 0.162784

- 0.050295 2.032662 0.921434

- 0.529152 1.793872 - 0.840672
-1.234267 -0.003310 1.545558
-1.872560 -1.626643 -0.255180
-1.589302 -0.398940 -1.501043
-2.980842 -0.273298
8 1.594726 0.664324 - 0.303132
8 1.327607 -0.592512 -0.409856
8 0.758526 - 1.070183 0.645224

PRRPRRPRRPRRPOOO®

-0.42674 4

Frequencies (cm ™):

-214.9837, 83.3289, 117.0989, 184.5561,
203.7508, 365.4669, 433.7475, 476.5627,
688.6408, 742.19, 916.1274, 952.9509,
955.9557, 989.4269, 1054.6929,
1079.7675 1111.3577, 1196.1878
1295.6607, 1406.6303 1442.8075
1479.0257, 1493.3283 1586.1367,
3015.0671, 3074.3987, 3111.8664,
3155.4298 3174.4678 3251.3228

IRC:

258



=50

-100 4

-150 4

-200 4

Relative Energy (kJ mol™)

-250

-2

1 2 3

Reaction Co-ordinates (amu'” bohr)

Compound: MeCHCH+ O; POZ 2

Energy (kJ mol ~ -343.063413011835
1y.
):

Reaction Coordinates:

6 1.938333 0.041783 - 0.397501
6 0.719003 0.104400 0.503272

- 0.319630 1.177145 0.070401

1 -0.487873 1.944716 0.823288

1 -0.0319701.631370 - 0.880474
8 -1.539167 0.459373 - 0.060512
8 -1.069230 -0.827669 -0.500997
8 -0.047318 -1.110899 0.476472
11.003755 0.228290 1.548449
12.474743 0.992813 - 0.375366
11.641410 -0.162621 -1.426001
12619423 -0.740974 -0.066630

(o]

Frequencies (cm *):

91.6591, 236.5009, 316.9286, 387.176,
478.9595, 671.8908 711.1444, 742.0023,
835.0898, 904.9102, 934.1492, 954.7888,
1002.126, 1062.4926, 1110.8867,
1165.6292 1241.2155 1308.3908
1345.076, 1380.989, 1411.275, 1486.8762,
1496.3555, 1506.9092 3029.3811,
3033.4412, 3063.3112 3095.2046,
3110.6938 3116.8918

Compound: MeCHCH+ O; TS

Energy (kJ mol - -343.031950106195
1y.
):

Reaction Coordinates:

6 2.108980 0.187069 - 0.056931
6 0.704892 - 0.095474 0.369695

6 -0.497599 1.290475 -0.095848
1 -0.181191 1.950361 0.727608

1 -0.106096 1.573175 -1.084563
10.465767 -0.120182 1.427646
12.797103 -0.533157 0.389879
12.404011 1.180431 0.278889
12.204504 0.138218 - 1.140033
8 -1.642531 0.750919 -0.019875
8 -1.134302 -1.261881 0.114900
80.091617 -1.049195 -0.332642

Frequencies (cm *):

-435.5564, 159.8915, 162.7443, 243.3816,
337.013, 364.1606, 493.2648, 518.3261,
616.5203, 856.7676, 907.117, 994.0697,
1017.6363 1120.2254, 1153.7143
1182.835, 1220.6793 1270.1363
1389.7569, 1392.5438 1423.9989
1479.9475 1492.2612 1544.0705
2907.356, 2969.0715 3037.5842,
3097.7653 3121.9158 3139.4026

IRC:

259




-150 4

-200 -

-250 4

Relative Energy (kJ mol™)

-300 +—

4 3 2

12 3 4 5 6 7 8 9

Reaction Co-ordinates (amu'” bohr)

Compound: MeCHCH + Os; Canmi

Energy (kJ mol - -343.070570907990
1y.
):

Reaction Coordinates:

62.197640 - 0.529115 0.098610

6 0.958332 0.105026 - 0.385106
1 0.536037 -0.090929 -1.361383
8 0.400476 0.976339 0.330402

8 -0.826700 1.434854 -0.130168
13.011534 -0.346947 -0.607012
12.037337 -1.608719 0.138469
12.469683 -0.163904 1.085429

6 -1.874516 -0.546271 0.078546

1 -2.271882 -0.198727 1.040808

1 -2.454921 -0.266176 - 0.810583
8 -0.950841 - 1.348998 0.020012

Frequencies (cm *):

62.1318, 97.2317, 140.2578, 151.4405,
304.1128, 314.8473, 337.3339, 380.8651,
561.4254, 573.6272, 866.8006, 897.8345,
973.5133, 1066.902, 1149.0758
1168.9578 1251.1705 1351.7798
1408.3246, 1454.1633 1464.0759
1508.2848 1579.4701, 1689.4636,
2956.3467, 3020.7985 3031.2656,
3081.6618 3140.6488 3197.8733

Compound: MeCHCH+ O; TS0l

Energy (kJ mol - -343.029736721201
1y.
):

Reaction Coordinates:

6 -1.863419 0.325251 - 0.555472
6 -0.900294 -0.214589 0.490774

6 0.531012 0.992746 0.625922
10.176450 2.014223 0.558547

1 0.967698 0.645722 1.554058

1 -1.203517 -0.031654 1.537554

1 -2.730821 -0.335153 -0.601855
1 -2.213169 1.328091 - 0.307063
1 -1.396042 0.333887 - 1.538607
8 1.170957 0.617530 -0.47 7435
81.591772 -0.629740 -0.367051
8 -0.288279 -1.309736 0.273239

Frequencies (cm ™):

-441.1182, 130.408, 178.8658 265.1302,
306.2098, 476.8837, 494.434, 566.6192,
606.6314, 848.6613, 897.3717, 947.7903,
1017.5617, 1051.8142 1112.7448
1170.13, 1222.4076, 1267.6481, 1317.82,
1398.6733 1451.4804, 1477.7491,
1481.9663 1499.9064, 2891.6285
3032.5107, 3092.4971, 3106.4542,
3118.8222 3224.4608

IRC:

260



-125 4

-150 4

-175 1

-200

-225 1

-250

Relative Energy (kJ mol™)

=275+

-300

-2

2 4 & 8

Reaction Co-ordinates (amu'” bohr)

Compound: MeCHCH+ O; CPiol

Energy (kJ mol -~ -343.066723044814

1):

Reaction Coordinates:

-1.628628 1.178988 0.019416
-2.014980 -0.263196 0.043493
-3.099230 -0.463665 0.154371
-1.252698 -1.199519 - 0.046059
-2.182262 1.678699 - 0.780919
- 1.959522 1.646138 0.951932

- 0.555607 1.321104 -0.111564
6 1.459277 -1.055111 - 0.183656
11.514456 - 1.979499 0.373492
11.142293 -0.980298 -1.214471
81.809286 -0.028010 0.433852

8 1.724144 1.179208 - 0.218837

PR RPROROO®

Frequencies (cm *):

51.0945, 82.2432, 90.2483, 109.0794,
128.3928 181.0936, 202.4777, 519.0435,
532.8399, 678.8141, 782.7034, 865.1322,
896.3788, 992.8464, 1143.6419,
1149.8444, 1235.5433 1389.7419
1413.674, 1423.7214, 1467.8134,
1478.4089, 1567.3742 1779.2423
2890.1717, 3004.4732 3062.778,
3101.2363 3132.8648 3276.8435

Compound: MeCHCH+ O; TS02 Energy (kJ mol = -343.028828640250

1y.

):
Reaction Coordinates: Frequencies (cm ™):
6 -2.095277 0.231115 0.315259 -447.2867 , 92.3351 , 208.7885 ,
6 -0.856701 -0.188307 -0.474101 2749778 , 337.672 , 466.7115 ,
6 0.400100 1.129165 0.043748 477.8343 , 529.6 582, 599.4037 ,
10.272014 2.028118 - 0.546933 873.647 , 884.7108 , 988.5419 ,
1 0.150824 1.152906 1.097425 989.6916 , 1062.2058 , 1090.5631 ,
1 -0.899090 0.060505 -1.547828 1182.0517 , 1229.8464 , 1265.8517 ,
1 -1.950961 0.042396 1.377925 1351.3143 , 1392.0788 , 1451.3561 ,
1 -2.938163 -0.371555 -0.025995 1479.2682 , 1483.454 , 1501.2031 ,
1 -2.345793 1.281110 0.155790 29125449 |, 3028.9988 , 3091.7495 ,
81.515835 0.486568 - 0.264913 3104.8768 , 3115.7515 , 3224.0316
81.626155 -0.617773 0.450336
8 -0.264186 -1.271960 -0.162900

IRC

261



-150

-175

-200

-225 4

Relative Energy (kJ mol™)

-250 4

-275

4 -2

2 4 6 8 10 12 14 16

Reaction Co-ordinates (amu'” bohr)

Compound: MeCHCH+ O; CPio2

Energy (kJ mol - -343.064735066772

1):

Reaction Coordinates:

-2.019621 -1.247414 -0.000007
- 2.440784 0.188467 0.000015

- 3.534865 0.363110 0.000049
-1.686882 1.132770 - 0.000001
-2.444380 -1.746527 -0.875108
-2.444331 -1.746540 0.875111
-0.937189 -1.348876 -0.000038
6 1.565528 1.042583 - 0.000006

1 2.454020 1.663367 0.000053

PR RPROROO®

Frequencies (cm *):

28.4229, 38.0975, 54.7174, 62.5817,
92.6413, 123.3914, 164.5267, 515.2057,
531.0457, 712.471, 778.0505, 891.4224,
901.1816, 997.4803, 1137.4001,
1140.1854, 1255.8368 1384.2757,
1409.2608 1426.4191, 1461.2988
1469.9073 1544.7324, 1792.4954,
2893.9688 3022.6592 3072.2478,

1 0.539327 1.388502 - 0.000047 3098.3098, 3137.99, 3251.0177
81.702666 - 0.203437 -0.000027
82951301 -0.738689 0.000024
Compound: MeCHCH+ O; TSyn Energy (kJ mol - -343.031540552877

1y.

):
Reaction Coordinates: Frequencies (cm ™):
6 1.547685 -0.613374 -0.584216 -444.8601 , 156.655 , 188.4216 ,
6 0.726375 -0.220193 0.609068 296.5703 , 306.3347 , 344.3532 ,
6 -0.947402 -1.023218 0.365839 527.3134 , 563.6148 , 702.2926 |,
1 -0.525956 -1.999100 0.078884 871.6034 , 883.8925 , 939.2037 ,
1 -1.371198 -0.992132 1.379130 1020.9308 , 1086.1398 , 1147.213 ,
11.095816  -0.499901 1.591394 1186.0746 , 1222.8821 , 1223.6026 |,
10.965329 -0.573860 -1.499174 1375.6538 , 1398.5207 , 1429.4044 |,
11.942306 -1.617141 -0.438116 1471.5763 , 1495.3352 , 1539.1968 ,
12.387497 0.079938 - 0.677500 2919.339 , 2983.6402 , 3034.7282 ,
8 -1.491250 -0.326126 -0.549136 3105.2349 , 3132.4762 , 3154.7314
8 -0.2995531.391748 - 0.474450
8 0.234086 1.027242 0 676240

IRC

262



-150 4

-175 1

-200 +

-225 4

-250

Relative Energy (kJ mol™)

-275

-4

-2

0

2 4 6 8

Reaction Co-ordinates (amu'” bohr)

Compound: MeCHCH + Os; CPrsyn

Energy (kJ mol ~  -343.071168900871

1):

Reaction Coordinates:

6 -1.491663 1.023885 - 0.580865
6 -1.291439 0.196594 0.612757
1 -1.657196 0.454777 1.600228

8 -0.704673 -0.916383 0.595860

8 -0.164546 -1.328994 -0.604524
1 -0.524243 1.411419 - 0.910582
1 -2.169283 1.847171 - 0.372369
1 -1.860722 0.392913 - 1.393197
6 2.029503 -0.043452 -0.167678
12.334801 -0.918443 0.427315
12.130582 -0.146991 -1.259248

8 1.652675 0.982500 0.348985

Frequencies (cm *):

77.6957, 91.1998, 96.0059, 126.0497,
167.3703, 210.1412, 301.7889, 345.5066,
454.0568, 670.0869, 770.7042, 884.7781,
980.147, 1062.5706, 1116.0221,
1173.9362, 1259.687, 1354.4061,
1396.7133, 1442.0159, 1468.6435
1527.8804, 1576.3099, 1770.6073
2929.3797, 2990.1892 3027.6469,
3074.0465, 3139.4954, 3172.2283

Compound: MeCHCH + O; TS0z1 Energy (kJ mol - -343.058289489220

1y.

):
Reaction Coordinates: Frequencies (cm ™):
6 -1.770030 0.021830 - 0.574846 -148.4636 , 205.8173 , 210.8383 ,
1 -2.452965 0.862794 - 0.443128 355.8478 , 435.069 , 679.0243 ,
6 0.294413 1.112429 0.491275 730.9869 , 792.7407 , 825.3244 ,
1 -0.105029 2.071086 0.164575 857.8566 , 940.0433 , 963.0335 ,
10.824696 1.213039 1.441433 1010.6141 , 1058. 0101, 1108.7303 ,
1 -1.216489 -0.057506 1.527534 1166.2742 , 1238.0158 , 1289.3759 ,
1 -1.2829740.115213 - 1.544233 1346.913 , 1371.4596 , 1412.9007 ,
1 -2.354401 -0.897134 -0.567872 1485.8917 , 1496.2793 , 1499.0454 ,
6 -0.743636 -0.003946 0.545064 3028.4694 , 3038.0729 , 3061.594 ,
81.155342 0.668945 - 0.541954 3102.2062 , 3113.0063 , 3121.4633
80.106216  -1.149527 0.497977
81.226277 -0.780590 -0.374431

IRC
To low a barrier for IRC to be done

Compound: MeCHCH+ O; TS0z2 Energy (kJ mol ~ -343.058489104847

1):

Reaction Coordinates:

Frequencies (cm ?):

263



6 2.106630 0.013743 0.107061 -156.0534 , 207.4398 , 217.9388 ,
1 2.638281 0.896363 - 0.249638 304.7319 , 474.3486 , 588.3768 ,
6 -0.219517 1.125932 0.180945 687.9952 , 796.7495 , 854.3928 ,
1 -0.061519 1.244385 1.257219 882.1112 , 929.957 , 973.3332 ,
1 -0.133667 2.081572 -0.334133 1026.6192 , 1098.1578 , 1154.8162 ,
10.636947 0.072052 -1.487915 1172.7298 , 1231.7007 , 1320.6615 ,
12.136289 -0.003363 1.195784 1350.6856 , 1399.1551 , 1415.5187 ,
12.625909 -0.866339 -0.268922 1485.3536 , 1489.7797 , 1502.139 ,
6 0.677520 0.040398 - 0.394185 3004.8346 , 3019.348 , 3042.6493 ,
8 -1.511611 0.632049 -0.109715 3106.7355 , 3109.9472 , 3117.9724
80.018055 -1.131655 0.081309
8 -1.410199 -0.813532 0.093991
IRC
To low a barrier for IRC to be done
Compound: MeCHCH+ O; TSpox1.1 Energy (kJ mol - -342.948262646173
1y.
):
Reaction Coordinates: Frequencies (cm ™):
6 -2.740752 0.144761 0.021832 -382.1614 , 101.4164 , 108.0224 ,
6 -1.391132 -0.185457 -0.483571 135.5877 , 254.3742 , 279.205 ,
6 -0.353293 -0.702617 0.286337 398.7884 , 482.7397 , 690.1105 ,
10.429019 -1.316895 -0.170983 757.4164 , 829.2432 , 914.079 ,
1 -0.570496 -0.983558 1.309457 939.2783 , 1025.804 , 1082.0467 |,
1 -1.167316 0.073903 -1.512007 1101.5531 , 1173.6473 , 1211.9429 ,
1 -2.889008 -0.180268 1.050220 1282.641 , 1395.4896 , 1428.4528 ,
1 -2.919873 1.225437 - 0.031890 1461.2645 , 1489.0598 , 1554.2961 ,
1 -3.512534 -0.310908 -0.607440 2989.9711 , 2995.3128 , 3023.6044 ,
8 0.604187 0.688710 0.497098 3105.4394 , 3155.2867 , 3173.0738
81.729170 0.590012 -0.273224
8 2.359302 -0.534701 -0.096993
IRC
60
40
~ 20-
2 o
2 -20
5 40
g 60+
1]
2 801
T -100+
® 120
140
'160 T T T T T T T
3 2 0 1 2 3 4
Reaction Co-ordinates (amu'*? bohr)
Compound: MeCHCH+ Oz Cepoxl1.1 Energy (kJ mol = -343.028197768054

1):

Reaction Coordinates:

6 2.468762 -0.455772 -0.212769
61.008149 -0.149538 -0.361990
6 0.417189 1.137867 0.005508
1 -0.495557 1.467169 -0.488777
11.034580 1.929810 0.415405

Frequencies (cm 2):

44,7431, 88.8489, 110.1613, 139.1573,
204.1164, 226.2105, 388.693, 414.3471,
765.5782, 835.097, 898.2627, 975.6358,
1045.4723 1127.4202 1159.6756,
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10.472611 -0.732859 -1.105092
12.923340 0.172896 0.552033
12.615225 - 1.500105 0.065859

1 2985959 -0.284690 -1.158719
8 0.255585 0.005407 0.860174

8 -1.992246 -0.669045 0.307241

8 -2.375935 0.132694 - 0.525565

1167.79, 1189.7997, 1292.8954,

1408.9358 1440.3971, 1482.727,
1496.9486, 1509.1175 1532.2595
3031.7441, 3055.2511, 3090.019,
3101.4133 3121.2395 3154.7858

Compound: MeCHCH+ O; TSpox1.2 Energy (kJ mol ~ -342.951372446173
1).
Reaction Coordinates: Frequencies (cm *):
6 -1.579663 -1.108916 -0.032929 -372.8165 , 91.0412 , 209.2279 ,
6 -1.594030 0.357591 0.017869 218.0342 , 269.3696 , 312.015 ,
6 -0.518118 1.052013 0.571927 417.7306 , 459.9832 , 661.5842 ,
1 0.050748 0.587741 1.375602 734.0844 , 823.6845 , 937.4342 |,
1 -0.545260 2.132299 0.592692 976.3175 , 1012.6483 , 1070.9918 ,
1 -2.357344 0.903858 - 0.521367 1088.3252 , 1155.4584 , 1189.5664 ,
1 -0.736611 -1.423102 -0.679896 1274.4453 , 1380.0642 , 1435.6745 ,
1 -1.339462 -1.547748 0.940208 1444.0909 , 1482.1532 , 1541.6648 ,
1 -2.497742 -1.537360 -0.426263 2879.1075 , 3025.6445 , 3074.3884 ,
8 0.642833 0.816537 - 0.688149 3125.3923 , 3171.6796 , 3206.1311
8 1.256242 -0.388099 -0.532121
8 1.797992  -0.543415 0.642497
IRC
60
40
—~ 204
2 o
2 -20-
5 -40-
2 .60+
1]
o -804
S 100+
* 120
-140 4
-160 . : : . . .
3 2 1 2 3 4
Reaction Co-ordinates (amu'’? bohr)
Compound: MeCHCH + Oz Cepox1.2 Energy (kJ mol - -343.029307044133

1):

Reaction Coordinates:
6 1.376762 1.351779 0.177650

6 1.500104 -0.120290 -0.087224
6 0.669838 -1.120100 0.588975

1 -0.080770 -0.784239 1.302479
11.023592 -2.134735 0.734062
12464399 -0.448757 -0.464688

12.123888 1.660795 0.911168
11.549837 1.919557 - 0.737509
1 0.388328 1.603503 0.557108

8 0.401585 -0.764709 -0.767803
8 -1.828064 0.313752 - 0.591601
8 -2.167209 0.140399 0.562027

Frequencies (cm ™):

50.9066, 85.4481, 94.5183, 136.9927,
190.4257, 221.3491, 375.9241, 415.1245,
762.5352, 826.4749, 911.1214, 974.7285,
1045.134, 1127.4185, 1154.2868
1172.3421, 1191.6762 1293.661,
1410.1606, 1438.9188 1484.0048
1497.8489, 1520.1165 1541.095,
3033.594, 3058.9607, 3088.6311,
3100.8575, 3124.0406, 3156.8632
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Compound: MeCHCH+ O; TSpox2.1 Energy (kJ mol = -342.928960564643
1y.
):
Reaction Coordinates: Frequencies (cm ™):
6 2.307968  -0.223449 0.009537 -570.1874 , 128.0702 , 137.9225 ,
6 0.849810 0.012745 0.359857 2254772 , 319.844 , 334.1269 ,
6 0.242926 1.285914 - 0.020434 368.2555 , 458.78 , 526.1414 |
1 0.445718 1.664840 -1.011123 621.5262 , 822.399 , 861.2638 ,
1 -0.455477 1.823400 0.599345 916.7975 , 948.0967 , 1066.1151 ,
10.629809 -0.280291 1.386818 1163.5387 , 1214.8922 , 1229.5672 |,
1 2.507648 0.054573 - 1.024486 1291.2611 , 1367.1173 , 1403.3944 |,
1 2.957659 0.359086 0.664014 1481.5273 , 1488.0138 , 1501. 7066,
12536428 -1.280825 0.137433 3036.926 , 3061.6297 , 3105.6648 ,
8 -0.010822 -0.690193 -0.550564 3117.5296 , 3173.9609 , 3290.3376
8 -1.505744 -0.721235 0.291598
8 -2.111686 0.31 2422 -0.096755
IRC
100+
50
2 50-
>
o
g 100
1]
£ 150+
©
1]
® -200
-250 1
6 4 2 0 2 4 &

Reaction Co-ordinates (amu'*? bohr)

Compound: MeCHCH+ O; TSpox2.2 Energy (kJ mol - -342.925694536270

1y.

):
Reaction Coordinates: Frequencies (cm ™):
6 1.682531 -0.794664 -0.476267 -508.1671 , 102.2364 , 146.5392 ,
6 1.059805 0.340558 0.303264 213.2375 , 280.9727 , 319.1854 ,
6 0.304998 1.364428 - 0.406042 392.2809 , 484.7764 , 541.5084 |,
1 -0.117171 1.199946 - 1.385016 590.46 , 770.9612 , 868.9008 |,
1 0.072890 2.288173 0.100559 926.4686 , 933.3537 , 1072.1183 ,
1 1.764245 0.755207 1.028041 1183.7133 , 1194.7462 , 1208.365 ,
10.986512 -1.208694 -1.200915 1254.3455 , 1384.9941 , 1415.4801 ,
12563276 -0.425932 -1.004781 1481.0829 , 1495.1666 , 1507.3114 ,
11.995727 -1.586447 0.203116 3034.5635 , 3042.9244 , 3104.0708 ,
8 -0.127945 0.014087 1.084656 3136.5178 , 3174.9153 , 3286.5389
8 -1.150903 -0.845288 0.076444
8 -1.914837 0.020678 - 0.444441

IRC

266



100+

50+

-50 1

-100

-150 4

Relative Energy (kJ mol™")

-200+

-250 +

6 4

-2 0 2 4 6

Reaction Co-ordinates (amu'*? bohr)

Compound: MeCHCH+ O; TSpox2.3 Energy (kJ mol ~ -342.931620239017
1y.
):
Reaction Coordinates: Frequencies (cm *):
61.947490 -0.728760 -0.290679 -543.7565 , 115.8676 , 145.0436 ,
6 0.931486 -0.131639 0.584130 170.7617 , 255.7417 , 306.5185 ,
6 0.418762 1.227928 0.388197 372.0354 , 402.9876 , 493.3588 ,
11.172716 1.960499 0.085628 776.0273 , 869.0121 , 930.3549 ,
1 -0.183677 1.622359 1.205815 941.6226 , 1011.6996 , 1133.6489 ,
1 0.502315 -0.755781 1.354848 1190.1843 , 1224.7159 , 1241.3858 ,
12.263195 -0.061581 -1.088696 1309.7704 , 1382.3611 , 1413.7772 ,
12.815531 -0.997095 0.326883 1449.889 , 1479.3643 , 1502.6432 ,
11.585413 -1.666660 -0.718523 2985.7553 , 3014.4114 , 3051.191 ,
8 -0.369994 0.854890 -0.735818 3084.796 , 3128.7091 , 3209.2065
8 -1.727811 0.035347 0.006916
8 -1.394935 -1.178601 0.071921
IRC
50
— 04
O
€
2 501
>
5 -100+
@
2 150+
T
& -200-
-250
8 6 4 2 0 2 4 6
Reaction Co-ordinates (amu'? bohr)
Compound: MeCHCH+ Oz Cepox2.3 Energy (kJ mol~ -343.028240894697

1).

Reaction Coordinates:

6 -2.203837
6 -0.870121

6 -0.662937 1.176457

- 0.830412 0.110700
-0.241187 -0.247402
- 0.546883

Frequencies (cm ?):

49.8264, 85.1125, 94.1088, 145.019,
202.2485, 233.9425, 372.4427, 416.6181,
769.7162, 841.9186, 901.5127, 967.7652,
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1 -1.495972 1.868095 - 0.489852
10.159729 1.474456 - 1.186470

1 -0.155688 -0.936753 - 0.690347
1 -2.863513 -0.072392 0.531355

1 -2.676804 -1.253652 -0.777018
1 -2.083937 -1.630028 0.842587

8 -0.265318 0.622207 0.720320
8 2.081622 0.103362 0.447648

1046.2344, 1129.1427, 1156.9692,
1169.5062, 1192.3677, 1295.4624
1408.8841, 1438.239, 1483.4503
1496.6679, 1515.101, 1531.9835
3032.8811, 3048.3083 3092.9898,
3094.901, 3110.0811, 3183.2719

82.125890 -0.735429 -0.434062
Compound: MeCHCH+ O; TSpox2.4 Energy (kJ mol = -342.928697425059
1y.
):
Reaction Coordinates: Frequencies (cm ™):
6 -1.666830 -0.989808 0.197115 -443.6144 , 65.4392 , 137.6475 ,
6 -1.098744 0.196731 - 0.450311 218.3967 , 247.7296 , 351.5253 ,
6 -0.485261 1.314852 0.272052 382.7625 , 407.8247 , 475.0785 ,
1 -0.483094 1.193098 1.359517 699.9707 , 881.1373 , 927.2014 ,
1 -0.907821 2.295956 0.023029 058.212 , 1032.4886 , 1122.6276 ,
1 -1.136147 0.298970 -1.526126 1184.4346 , 1238.1183 , 1280.1881 ,
1 -1.137526 -1.237058 1.116400 1297.0164 , 1369.8806 , 1418.1876 ,
1 -2.692684 -0.710039 0.499230 1440.5792 , 1458.7186 , 1483.9871 ,
1 -1.727998 -1.856055 -0.454462 2917.021 , 2979.2809 , 3032.3658 ,
8 0.790343 1.169754 -0.297898 3075.2598 , 31449878 , 3202.5677
8 1.449696 -0.320871 0.486130
8 1.208745 -1.238324 -0.329571
IRC
501
- 04
Q
£
2 501
>
5 -100+
0
2 150+
©
& -200-
-250
4 2 0 2 4 6
Reaction Co-ordinates (amu'? bohr)
Compound: MeCHCH + O; Cepox2.4 Energy (kJ mol -~ -343.029307044133

1):

Reaction Coordinates:

6 1.433661 1.420098 0.157776
6 1.575944 0.003105 - 0.316831

61.165124 - 1.148303 0.489058
10.721361 -0.981024 1.464760
11.644825 -2.111088 0.351837
12.352034 -0.166597 -1.058609

1 0.630995 1.505919 0.888676

1 2.365153 1.759272 0.615041
11.208914 2.083680 - 0.678487
80.363265 -0.711534 -0.616745

Frequencies (cm 2):

17.8645, 47.078, 59.583, 85.3431,
148.5701, 207.7645, 368.7, 411.5208,
763.5696, 836.1884, 908.1741, 971.1267,
1043.617, 1127.3473 1156.0878
1168.4814, 1191.6137, 1292.7872,
1407.3048 1437.8474, 1482.9579
1498.0797, 1526.5915 1576.3728
3030.8861, 3086.7625 3087.1007,
3094.0738 3116.7155 3171.8456
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8 -1.866126 0.021292 0.4889 35
8 -2.743595 0.222797 - 0.317594

6.4 Ozonolysis of 1 -butene (Alkene 2)

Compound: EtCHCH + O; PRCL1.1

Energy (k mol - -382.230525502064
1y.
):

Reaction Coordinates:

6 -1.630533 -0.283798 -0.487614
6 -0.817910 0.450015 0.531206

6 -0.158363 1.591715 0.313309

1 0.397505 2.085402 1.098787

Frequencies (cm ™):

34.8339, 52.3655, 65.9584, 83.5563,
92.9886, 161.968, 227.1799, 266.4111,
335.1609, 436.6102, 656.9583 741.9062,
795.9895, 859.8372, 957.6317, 991.829,

L ma e e L soaaoy 0 1012.5774 1024.1559, 1093.5321
1 -1.573144 0.236659 - 1.445564 1164.0568 1193.1405 1203.3832
1 -1.186508 -1.271775 -0.640964 1288.523 1321.5176, 1343.3053
6 -3.095701 -0.455801 -0.065475 1410.0117, 1459.5007, 1484.6247,
1 -3.587170 0.510387 0.054068 1498.7092 1507.23, 1663.4004,

1 -3.172059 -0.988424 0.884063 3016.5505 3026.5198 3053.5385,
1 -3.648243 -1.026577 -0.812353 3088.1504 3093.1286, 3123.3646
8 2.158409 0.444344 -0.765220

82.348457  -0.356707 0.191122 3135.6188 3218.3977

8 1.488688 -1.269832 0.353793

Compound: EtCHCH + G; TSz01.1 Energy (kJ mol -~ -382.221047574187

1).

Reaction Coordinates:

6 -1.538579 -0.373826 -0.433901
6 -0.569324 0.255682 0.514995

6 0.122688 1.400418 0.244280

1 0.674544 1.920171 1.012754
-0.011181 1.918302 -0.694751
-0.566953 - 0.124072 1.529990
-1.361180 0.007638 - 1.440851
-1.357647 -1.449767 - 0.466709
-2.997624 -0.121693 -0.023701
- 3.232361 0.943128 -0.027567
-3.197435 -0.504462 0.978389
-3.678318 -0.621194 -0.713484
8 2.033050 0.557152 - 0.602040
82.143735 -0.434807 0.211468
81.151660 -1.253999 0.142095

PRRORRRPR

Frequencies (cm *):

-186.9921, 54.9005, 76.5792, 142.2443
210.6562, 232.5778, 262.8272, 411.6885,
432.19, 478.1984, 714.0718, 747.067,
794.6543, 861.8132, 955.4058 987.4069,
1002.5004, 1015.5685, 1082.7432,
1087.4429 1114.8814 1203.9886,
1284.0831, 1304.8381, 1339.2164
1409.0095, 1455.9482 1489.2505,
1498.4093 1509.5707, 1586.0963
3027.8581, 3034.8293 3065.9934,
3092.126, 3096.2226, 3151.4553
3155.197, 3243.0157

IRC:
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-5041

-100

-150 4

Relative Energy (kJ mol™")

-200 ~

-250 4

2 1

1 2 3 4

Reaction Co-ordinates (amu'? bohr)

Compound: EtCHCH + G; POZ1.1

Energy (kJ mol = -382.319943476474
1y.
):

Reaction Coordinates:

6 -1.504470 -0.525361 -0.399433
6 -0.230572 -0.245440 0.381137

6 0.440859 1.133954 0.123839

1 0.533128 1.709240 1.046655

1 -0.069143 1.719758 - 0.639727
8 1.723752 0.812806 - 0.405419
81.992878 - 0.467463 0.207223
80.771985 -1.172593 -0.052943
-0.396593 -0.373982 1.454649
-1.316340 -0.328687 - 1.456880
-1.731671 -1.589510 -0.311050
- 2.692381 0.297014 0.100263
-2.514752 1.369409 0.001653

- 3.589153 0.060618 -0.471490
- 2.905019 0.090152 1.150457

PRRORRPR

Frequencies (cm *):

68.6128, 108.3092, 198.6264, 238.6002,
373.725, 400.4181, 438.3137, 687.4325,
714.0783, 740.3368, 798.552, 849.5255,
926.8129, 963.3562, 980.875, 991.108,
1015.8819, 1066.249, 1146.141,
1176.6836, 1234.4693 1289.8072
1317.1576, 1350.708, 1365.2287,
1402.6174, 1420.9226, 1492.1014,
1503.5637, 1507.7334, 1512.2073
3012.9544, 3027.309, 3034.9297,
3039.3954, 3064.1211, 3088.5102,
3098.2701, 3101.9917

Compound: EtCHCH + G; PRC1.2

Energy (kJ mol - -382.230906391601
1y.
):

Reaction Coordinates:

61.767471 -0.594112 - 0.456608
6 0.846397 0.471600 -0.967277
6 0.427271 1.550464 - 0.297606
1 -0.227650 2.275577 -0.760757
10.743788 1.760789 0.714088

1 0.519284 0.344256 - 1.994507
1 1.256026 -1.556009 -0.564209
1 2.624080 -0.652528 -1.137801
6 2.256393 - 0.430501 0.978654
11.423014 -0.4197721.68 1525
12.818708 0.495485 1.108062
12.912644 -1.256634 1.252351

8 -1.702680 0.339272 1.064797

8 -2.222647 -0.160325 0.028660

8 -1.556559 -1.050931 -0.573674

Frequencies (cm ™):

35.6908, 48.5383, 74.4002, 89.8883,
105.4143 203.3659, 256.2881, 271.5581,
288.8633, 547.3533, 572.4638, 741.9925,
800.6366, 838.3618, 954.8439, 998.1469,
1019.4682 1033.0241, 1107.0148
1147.9657, 1163.3939, 1191.5189
1294.2422 1329.206, 1382.8584,
1412.5565 1453.5151, 1469.1815
1500.7741, 1510.7445 1661.5009
2998.8943 3020.446, 3031.8002
3089.8524, 3096.7225 3130.3167,
3147.8487, 3227.611




Compound: EtCHCH + G; TSz01.2

Energy (kJ mol = -382.221276651576

1):

Reaction Coordinates:

6 -1.712962 -0.533934 0.383261
6 -0.536592 0.149186 1.011613

6 -0.001738 1.339207 0.605554
10.732251 1.849827 1.209861

Frequencies (cm ™):

-201.5674, 68.1783, 75.7968, 171.7182,
217.2814, 264.1829, 282.1966, 360.9185,
454.9815, 549.9239, 662.3059, 741.6828,
799.7036, 836.2231, 956.5864, 991.1374,

1 -0.423885 1.896673 -0.216067
1 -0.208465 - 0.259898 1.959088 1005.9099, 1030.4454, 1080.9974
1 -1.473913 -1.596028 0.288575 1097.9025 1117.3764, 1149.1535
1 -2.539491 -0.490237 1.102413 1290.9145 1306.2081, 1384.2254,
6 -2.167224 0.015088 - 0.965669 1412.8333 1449.7188 1467.687,
1 -1.357160 -0.014443 -1.694061 1502.4339, 1511.2094, 1584.0667,
1 -2.517082 1.045457 -0.887553 2996.9013 3033.3241, 3039.7643
8 1.600670 0.643595 - 0.803980 3166.6355 3252.5972
81.996373 -0.365597 -0.106980 ) )
81.064320 -1.236466 0.084062
IRC:
0,
S -50-
£
< -100 |
E)
()
0 -150
2
B -200-
o
-250 -
2 A 0 1 2 3 4
Reaction Co-ordinates (amu'? bohr)
Compound: EtCHCH + O; POZ1.2 Energy (kJ mol - -382.319409856411

1):

Reaction Coordinates:

6 -1.671383 -0.182012 0.556324

6 -0.164756 -0.219936 0.788165

6 0.628399 1.087394 0.502234

1 1.180480 1.407435 1.387717

1 0.007863 1.899676 0.129414

8 1.518475 0.741033 - 0.552767
8 1.755705 -0.659398 -0.293450
80.418696 -1.154957 -0.128843
10.045874 - 0.545944 1.809935
-2.067838 -1.172352 0.790852

- 2.094352 0.494503 1.304166
-2.112007 0.230 650 -0.847219
-1.715061 -0.448552 -1.599170
- 3.199695 0.217004 -0.917000
-1.781807 1.238230 -1.102464

PRRORR

Frequencies (cm *):

65.1323, 98.7274, 200.7239, 263.5289,
320.1656, 390.3531, 544.6024, 677.8918,
725.6788, 741.3978, 780.5397, 818.4099,
925.8984, 942.846, 962.1285, 996.4387,
1010.3064, 1096.9266, 1126.9136,
1156.0492 1228.1477, 1298.0739
1338.4963 1354.7237, 1366.2583
1400.8007, 1425.8291, 1484.1072
1495.1786, 1507.9826, 1514.3224,
3015.519, 3028.5272 3038.9265
3043.2625, 3054.2167, 3092.8109,
3111.6942, 3115.7622

271



Compound: EtCHCH + G; PRC1.3

Energy (k mol - -382.228599800530

1):

Reaction Coordinates:

6 -2.130347 0.202561 -0.259217
6 -1.068762 0.848588 0.576226

6 -0.227477 1.795396 0.158017

Frequencies (cm ™):

23.0789, 43.8839, 49.2668, 59.765,
84.0331, 149.3418, 213.395, 231.6386,
318.2882, 439.6973, 649.9411, 742.7602,

A 797.2015, 857.7105, 956.8765, 994.2985,
1 -3.106984 0.538012 0.108359 1172.6715 1202.4061, 1204.4995

1 -2.049004 0.554764 - 1.289562 1291.3919, 1323.8675, 1344.3324,

6 -2.094436 -1.329642 -0.217914 1411.4945, 1459.5393 1479.6798

1 -2.196083 -1.696756 0.804883 1498.2473 1508.1073 1672.1468

1 -1.153952 - 1.708552  -0.615361 2993.2549, 3030.2285 3048.7193

1 -2.911121 -1.750322 -0.80526 6 3087.9893 3107.3691 3118.4952

8 2.052280 0.360976 - 0.814691 3134.2576 3216.6013

82.222685 - 0.342675 0.215684 - -

81.390019 - 1.265652 0.433548

Compound: EtCHCH + O; TSz01.3 Energy (kJ mol - -382.220877506051

1).

Reaction Coordinates:

6 -1.649715 0.465644 -0.434184
6 -0.5373390.773639 0.522467

6 0.496938 1.610163 0.236390
11.190992 1.926638 1.000131
10557914 2.116167 -0.716831

- 0.651302 0.421193 1.541098
-2.281738 1.357365 -0.517668
-1.224181 0.305159 -1.427546
-2.513638 -0.724773 -0.023055
-2.968880 -0.559415 0.955277
-1.922368 -1.637756 0.031829
-3.318922 -0.884845 -0.739860
8 2.037598 0.144752 - 0.598616
81.819320 -0.825642 0.213165

8 0.623207 -1.293178 0.143433

RPRRORRR

Frequencies (cm *):

-151.4348, 66.5451, 72.7259, 135.018,
184.6745, 231.8333, 299.451, 336.152,
443.7817, 466.5845, 641.355, 740.5878,
794.0563, 854.1417, 959.481, 986.8413,
1001.663, 1048.5826, 1093.4344,
1095.0729, 1120.7129 1189.02,
1289.7741, 1307.1898 1340.1493
1417.2828 1458.2862 1462.7855
1500.0279, 1506.4582 1593.2837,
2995.0998 3031.3143 3044.8711,
3089.5667, 3108.3985, 3149.9663
3153.2702, 3241.6098

o
|

o
o
1

-100

-150+

Relative Energy (kJ mol™)
%)
o
o

-250 -

IRC:

-2 -1

0 1 2 3

Reaction Co-ordinates (amu'? bohr)
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Compound: EtCHCH + O; POZ1.3

Energy (kJ mol ~ -382.320341440266

1):

Reaction Coordinates:

6 -1.508790 0.629419 -0.257676
6 -0.221171 0.211465 0.431242

6 1.001698 1.137758 0.183797
11.361927 1.572940 1.117838

Frequencies (cm ™):

65.2954, 115.3709, 199.6292, 237.2257,
358.9284, 388.1195, 460.5116, 671.0041,
727.5271, 748.2662, 780.3189, 850.9964,
928.8021, 952.2661, 985.2885, 999.3279,

Lo7em0s 1ousls s 1014638 1073 7261 1134 1054
81.624374  -1.010790 0.128621 1173.6122 1230.9585 1303.126,
80.214659 -1.039123 -0.117651 1332.7172 1338.3592 1362.5094,
1 -0.375765 0.090394 1.507336 1408.7121, 1419.7459 1478.2041,
1 -1.767424 1.626656 0.108450 1500.0585, 1507.1522 1511.7475
1 -1.311502 0.724308 -1.327945 3012.9483, 3022.6369, 3031.6265,
6 -2.671807 -0.330536 -0.011437 3037.112, 3058.7669, 3091.3823
1 -2.884976 -0.425536 1.054865 3099.8501 3105.2803

1 -3.577316 0.027236 - 0.501398 ) )

1 -2.450214 -1.324605 -0.398156

Compound: EtCHCH + O; PRC 2.1 Energy (kJ mol -~ -382.229766660375

1):

Reaction Coordinates:

6 1.685301 -0.305632 - 0.496591
6 0.861220 0.432571 0.512355

6 0.184925 1.559275 0.278125

1 0.196250 2.033770 - 0.695621
1 -0.384317 2.049707 1.054293

1 0.846041 0.012981 1.513944

6 3.155354 -0.439892 -0.076511
13.718331 -1.012405 -0.814241
1 3.624553 0.539327 0.023644

Frequencies (cm ™):

30.6697, 43.3188, 54.7551, 77.1034,
86.5672, 155.6428, 227.1418, 249.883,
333.6375, 435.6802, 659.5907, 742.7863,
797.815, 859.5351, 960.8561, 992.822,
1013.1985, 1024.2658 1093.0287,
1168.7283 1198.3471, 1202.9182,
1291.6098 1321.6709, 1344.4412,
1409.6733 1459.7266, 1483.9957,

13244660 - 0.952350 0.882759 1498.3309, 1506.7607, 1668.6475,
11.268379 -1.309131 -0.631056 3005.0352, 3027.4241, 3048.3987,
11617010 0.195583 - 1.464413 3089 2462 30941611 3128.4813

8 -2.399302 0.574651 - 0.482150 313503 3224 5733

8 -2.096428 -0.646445 -0.392639 U -

8 -1.685734 - 1.057633 0.728093

Compound: EtCHCH + Q; TSz02.1 Energy (kJ mol = -382.219503800034

1)_

Reaction Coordinates:

6 -1.462939 -0.494091 -0.325934
6 -0.566078 0.285518 0.586995

6 0.100146 1.414625 0.201979

1 0.588999 2.047408 0.925351

1 -0.002763 1.804812 -0.801195

1 -0.615149 0.049662 1.642512

1 -1.151867 -0.341502 -1.361697
1 -1.362830 -1.558946 -0.113835
6 -2.937108 -0.086645 -0.166508
1 -3.086262 0.963423 - 0.419242
1 -3.277366 -0.235338 0.859314

1 -3.570312 -0.687515 -0.819889
8 2.120045 0.621501 - 0.367062

Frequencies (cm *):

-204.3484, 54.9709, 76.6521, 138.6429,
201.8572, 231.9775, 269.5435, 420.3311,
438.2748, 497.5519, 724.8427, 743.4985,
797.3091, 860.6013, 953.6243, 982.6006,
1003.3736, 1012.3355 1078.8743
1084.6019 1109.3998 1202.4471,
1282.6618, 1303.051, 1341.1662,
1407.4473 1451.4457, 1491.5665
1497.3453 1510.6323 1581.3824
3028.0308 3032.9149, 3069.6986,
3092.601, 3098.1658 3153.276,
3164.6213 3249.0501
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81.808891 -0.626026 -0.462951
81.280 243 -1.090280 0.618698

-50 4

-100

-150+

Relative Energy (kJ mol™)

=200+

-250 -

IRC:

-2 -1

0 1 2 3

Reaction Co-ordinates (amu'? bohr)

Compound: EtCHCH+ G; POZ 2.1

Energy (kJ mol - -382.320300568466

1):

Reaction Coordinates:

6 -1.434055 -0.592551 -0.314644
6 -0.231647 -0.199059 0.532914

6 0.432006 1.142453 0.112456

1 0.004090 1.510330 - 0.822798
10.384944 1.911811 0.880344

8 1.805368 0.819846 - 0.057236

8 1.721955 -0.527475 -0.551667
80.849333 -1.139157 0.421901
-0.490778 -0.195338 1.593421
-1.704203 -1.618325 -0.058681
-1.136431 -0.594912 -1.365442
- 2.635931 0.327860 -0.097814
- 2.953581 0.324298 0.946782

- 3.483486 0.003596 - 0.700886
-2.41603 61.360614 -0.374202

PR RORRR

Frequencies (cm ™):

82.5702, 118.0096, 203.5935, 237.0846,
358.3483, 418.328, 468.0392, 674.8196,
716.5394, 751.948, 795.5835, 847.7329,
918.1178, 950.7069, 979.6512, 990.3533,
1012.1364, 1057.8407, 1125.6752,
1176.028, 1238.8846, 1279.2342,
1312.0312 1343.0749, 1356.7101,
1393.5814, 1419.1277, 1490.7329
1503.3503 1505.3105 1509.5686,
3024.9742, 3031.4673 3034.1999,
3048.4558 3066.0854, 3087.8796,
3096.0377, 3114.5574

Compound: EtCHCH + O; PRC 2.2

Energy (kJ mol - -382.229362194436

1):

Reaction Coordinates:

6 -1.854147 -0.561921 0.487839
6 -0.896901 0.510766 0.916176

6 -0.446851 1.522350 0.169942

1 0.239654 2.250643 0.575869

1 -0.759969 1.668612 - 0.854877
1 -0.561703 0.443682 1.946111

1 -1.373886 -1.532644 0.653537

1 -2.701616 -0.552449 1.182586

6 -2.365624 -0.478324 -0.946845
1 -1.549527 -0.536688 -1.668271
1 -2.902263 0.454360 -1.125737
1 -3.050568 -1.300214 -1.155002

Frequencies (cm ™):

30.9161, 36.703, 68.0854, 73.3323,
92.3649, 195.1418, 241.5331, 265.5029,
279.191, 547.9026, 574.4011, 742.4574,
801.4713, 837.1697, 957.7929, 999.0433,
1022.663, 1032.4371, 1106.6463
1147.2995 1169.2825 1198.5046,
1291.7927, 1330.4384, 1381.0894
1414.1438 1455.4124, 1472.9456,
1500.424, 1509.1558 1668.3891,
2997.8741, 3010.6237, 3031.0017,
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8 2.008382 0.479814 - 0.921559
81.912518 -0.653404 -0.376326
8 1.8342 28 -0.682977 0.883274

3089.0505 3094.0824, 3135.1185
3149.6993

Compound: EtCHCH + Q; TSz02.2

Energy (kJ mol - -382.218900812696

1):

Reaction Coordinates:

6 -1.700854 -0.267542 0.541592
6 -0.537533 0.628918 0.857918

6 0.052496 1.499472 -0.019713
1 0.744061 2.245718 0.336053

Frequencies (cm *):

-235.593, 55.1677, 79.6926, 172.9339,
203.8574, 257.8951, 284.5879, 383.6153,
471.2708, 557.969, 680.7842, 741.3744,
800.658, 831.2277, 952.4826, 987.3973,

1 -0.301979 1.607511 - 1.033395
1 -0.295233 0.728926 1.907732 1010.9764, 1029.0652, 1072.7843
1 -1.525354 -1.239065 1.007379 1094.9067, 1113.4809, 1148.7725
1 -2.572874 0.144704 1.063725 1288.3515 1301.8287, 1381.368,
6 -2.032566 -0.449937 -0.937745 1414.1937, 1447.0297, 1471.9504,
1 -1.184956 -0.852350 -1.492778 1503.1831, 1508.9876, 1576.4679
1 -2.3266320.490000 = -1.406418 2992.2243, 3034.4174, 3050.2089,
1 -2.863355 -1.145779 - 1.052250 3093.6289, 3099.8519, 3167.942,
8 1.812373 0.368266 -0.757857 31704636 3958 7538
81.451309 -0.811979 -0.377848 4636 :
81.190951 -0.861929 0.887911
IRC:
0,
S5 -50-
1S
< 100~
E‘J
Q
0 -150-
4
S 200-
o
-2504
2 1 2 3 4
Reaction Co-ordinates (amu'”? bohr)
Compound: EtCHCH + O; POZ 2.2 Energy (kJ mol - -382.319190983776

1).

Reaction Coordinates:

6 1.636123 0.462232 0.356338
6 0.151317 0.554586 0.703371

6 -0.758631 1.089353 - 0.434513
1 -0.218881 1.147799 - 1.381044
1 -1.211852 2.050003 - 0.198233
8 -1.819804 0.147330 - 0.513469
8 -1.139392 -1.077104 -0.193864
8 -0.439136 -0.718170 1.019424

1 0.020095 1.150096 1.607856
11.973745 1.471127 0.096330
12.172025 0.190794 1.268171
6 1.997444  -0.522261 - 0.754937
11.546792 -0.255221 -1.710826

Frequencies (cm ™):

84.6723, 107.9295, 209.6912, 261.2108,
320.3458, 403.9985, 555.3593, 665.3836,
714.7415, 749.1073, 789.2843, 816.6065,

915.1655, 941.9277, 958.0387, 1003.6401,

1013.0747, 1090.8281, 1117.156,
1150.3434, 1233.0562, 1280.2428
1335.004, 1342.314, 1360.5873
1398.1213 1424.6931, 1482.7604
1495.8028 1506.0249 1512.4485
3009.8762, 3038.9152 3044.8776,
3049.2336, 3059.6143 3095.1818,
3110.9134 3114.273
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13.078082 -0.544915 -0.896658
11.669138 -1.529590 -0.503886
Compound: EtCHCH + O; PRC 2.3 Energy (kJ mol - -382.228988543684

1).

Reaction Coordinates:

6 -2.131443 0.231655 -0.280235
6 -1.049453 0.870700 0.534898

6 -0.185370 1.785553 0.092271

1 0.553197 2.228362 0.744144

Frequencies (cm ™):

22.6626, 35.4936, 53.5445, 64.8888,
88.374, 149.874, 218.031, 228.4202,
321.2589, 439.4355, 651.1886, 742.4998,
796.6083, 857.3987, 959.5339, 993.9451],

L L sTeaiy 1016.2569, 1029.1111 1094.0636
1 -3.098605 0.588003 0.092141 1173.2198 1201.7851, 1204.4696,
1 -2.056910 0.566625 -1.317073 1290.3604, 1323.7089, 1343.7175
6 -2.123682 -1.300570 -0.214677 1412.3911, 1460.481, 1480.1734
1 -2.216344 -1.649370 0.815015 1499.0118 1504.5769, 1671.9808,
1 -1.197151 -1.708807 -0.618202 2995.1495 3030.171, 3045.9941,
1 -2.955083 -1.716447 -0.784484 3090.4018 3098.006, 3125.2871,
8 2.354289 0.442990 -0.468242 3133.9174 3225082

8 1.899856 -0.726071 -0.343496 ) ’ )

81.385335 -1.033911 0.765595

Compound: EtCHCH + O; TSz02.3 Energy (kJ mol - -382.220139501245

1):

Reaction Coordinates:

6 -1.534308 0.433568 -0.513878
6 -0.507377 0.858345 0.492953

6 0.577161 1.620722 0.180637
11.224681 2.008935 0.950634

1 0.724259 2.000392 -0.821133
-0.722783 0.666394 1.536637
-2.116223 1.317975 - 0.799207
-1.024252 0.116216 - 1.428897
-2.480144 -0.659891 -0.024807
-3.018908 -0.340810 0.869317
-1.928168 -1.566415 0.221028
-3.219255 -0.904402 -0.787543
8 2.149087 0.055625 -0.316026

8 1.378618 -0.970535 -0.410096
8 0.690877 -1.186934 0.657339

PR RORRR

Frequencies (cm *):

-168.2698, 58.7495, 76.7611, 136.5375,
185.055, 236.4693, 290.742, 358.0783,
461.7294, 477.0377, 647.9795, 739.97,
794.9847, 854.4728, 955.3336, 984.3293,
1001.6007, 1049.8064, 1086.0975
1093.3256, 1113.4519, 1189.4787,
1285.358, 1299.7608 1338.7952
1416.4246, 1455.5804, 1465.169,
1498.3143 1508.3509, 1589.0042
2991.8327, 3020.5171, 3031.9198
3089.5066, 3106.1029 3152.9313
3162.6447, 3248.0556

IRC:
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o
|

O
o
I

-100+

-150+

Relative Energy (kJ mol™)

r

[t

©
1

-250 1

Reaction Co-ordinates (amu'? bohr)

Compound: EtCHCH + Q; POZ 2.3

Energy (kJ mol - -382.320843504655
1y.
):

Reaction Coordinates:

6 1.408035 0.534175 - 0.433196
6 0.217196 0.312940 0.488041
-1.039479 1.131011 0.081841

1 -0.873489 1.648517 - 0.865698
1 -1.363769 1.833508 0.847062

8 -2.071410 0.161535 - 0.045729
8 -1.333186 -0.987149 -0.501395
8 -0.262413 -1.042222 0.462805

1 0.489293 0.488747 1.530378
11.111022 0.256084 -1.447162
11.622627 1.607498 - 0.453342
6 2.652953 -0.240665 - 0.009066
12.456984 - 1.312432 0.009838
13.476830 -0.061680 -0.699891
12.984349 0.057675 0.987653

(o]

Frequencies (cm *):

77.9942, 120.7532, 201.9758, 243.3015,
357.8386, 389.9929, 493.3642, 683.9226,
709.8102, 736.2562, 798.7846, 845.2126,
917.3025, 951.4054, 969.1676, 1008.2779,
1014.6077, 1067.6618 1114.4308
1171.2805 1238.0894, 1288.0406,
1300.1652, 1342.4949, 1360.94,
1399.2376, 1417.3, 1477.7868, 1499.8086,
1505.8782 1508.0937, 3011.6614
3028.7019, 3032.2436, 3044.6618
3061.7501, 3088.8055 3102.6517,
3112.0209

Compound: EtCHCH + Q; TSwnl

Energy (kJ mol - -382.288435179066
1y.
):

Reaction Coordinates:

6 1.587555 -0.637953 -0.270134
6 0.212007 -0.388776 0.277428

6 -0.517248 1.298246 - 0.207860
1 -0.154166 1.380884 -1.243624
10.071282 1.862109 0.531919
10.086226 -0.273544 1.350028
11.898083 - 1.634092 0.060435
11537484 -0.670872 -1.359333
6 2.617885 0.39 1514 0.196232

1 2.658544 0.448510 1.284864

1 3.609766 0.113804 -0.157132
12.396951 1.387143 - 0.186792
8 -1.761525 1.170027 - 0.001130
8 -1.927157 -0.880085 0.263091

8 -0.749489 -1.113958 -0.293756

Frequencies (cm ™):

-434.0304, 75.6953, 147.5764, 183.594,
224.0216, 292.1293, 353.3707, 419.8875,
490.1163, 523.8618 605.4591, 783.5479,
852.3054, 927.0852, 1003.563, 1029.483,
1055.1412 1116.9828 1161.7934
1181.4548 1224.4051, 1252.5473
1302.1954, 1332.5051, 1393.2667,
1414.6061, 1427.3964, 1481.6291,
1504.2286, 1508.2415, 1543.6663
2910.6113 2972.0186, 3015.5485,
3038.2162, 3067.72, 3100.3525,
3108.6845, 3124.3699
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-150+

—~ =175+

1

-2004

-225

Relative Energy (kJ mol

-250

-275

IRC:

3 0

3 6 9

Reaction Co-ordinates (amu'? bohr)

Compound: EtCHCH + O; Canmil

Energy (kJ mol - -382.327414870490
1y.
):

Reaction Coordinates:

6 1.843116 -0.591495 -0.106239
6 0.444781 -0.643042 0.373716
10.139883 -0.271908 1.344490

8 -0.425720 -1.210164 -0.333197
8 -1.729254 -1.160568 0.144151
12424929 - 1.275924 0.522807
11.883765 -0.969697 -1.127010

6 2.439931 0.820739 - 0.002034
12.412401 1.185460 1.024438

1 3.478628 0.802260 - 0.328420
11.883143 1.520213 - 0.620722

6 -1.963460 1.088778 - 0.082899
1 -2.610212 1.038337 0.803492

1 -2.453896 0.898097 - 1.046584
8 -0.813132 1.498643 - 0.019425

Frequencies (cm ™):

53.1664, 78.9036, 95.3849, 127.9186,
199.3209, 225.5953, 301.9227, 329.7278,
355.6831, 435.7429, 541.6656, 557.1088,
779.185, 916.4365, 922.6306, 936.7791,
1024.1576, 1095.0425, 1151.2462,
1184.8295 1252.3289, 1274.1252,
1326.8585 1372.4759, 1420.4265
1466.6476, 1496.2997, 1505.7345
1511.6516, 1570.3404, 1699.5236,
2953.0824, 2998.9893 3016.5501,
3047.2738 3088.2774, 3111.2552,
3132.6541, 3182.4676

Compound: EtCHCH + O; TS 2

Energy (kJ mol - -382.288487214481
1y.
):

Reaction Coordinates:

6 1.659253 0.181981 0.651277
0.182166 -0.094199 0.672300

- 0.864046 1.292519 - 0.066820
-0.231108 1.605286 - 0.909508
- 0.796177 1.940074 0.821030
-0.318812 -0.118208 1.634803
11.801261 1.196201 1.031760
12.129537 -0.477073 1.388228

PR RO

6 2.341100 0.017274 -0.706474
11.897220 0.666 523 -1.460604
13.396781 0.272644 - 0.623856

12.268595 -1.007603 -1.066062
8 -1.982312 0.743625 - 0.318351
8 -1.539077 -1.250146 -0.038180

Frequencies (cm ™):

-437.1696, 87.1471, 131.7377, 194.8405,
220.1672, 268.7754, 364.1744, 419.2462,
512.0625, 555.544, 642.733, 780.7455,
859.0935, 906.5766, 985.9784, 1037.189,
1059.6134, 1110.0781, 1139.7597,
1183.368, 1219.7462, 1262.7138
1293.3588 1377.5272 1386.2681,
1398.4668 1430.0063 1478.4616
1500.0669, 1507.1304, 1543.9012
2914.596, 2977.6132 3013.7009,
3045.7768 3050.3427, 3106.0962,
3115.1249, 3129.1534
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8 -0.235878 -1.051391 -0.158154

-150 -

=175+

-2004

-225+

Relative Energy (kJ mol™")

-250

-275-—

IRC:

3 6 9

Reaction Co-ordinates (amu'? bohr)

Compound: EtCHCH + O; Canmi 2

Energy (kJ mol - -382.328011970473

1):

Reaction Coordinates:

6 -1.755577 -0.445704 0.572883

6 -0.420233 0.171306 0.724077
10.202463 - 0.003937 1.591673

8 -0.007795 0.991083 - 0.134147
8 1.303864 1.426479 0.030106
-1.593733 -1.523630 0.678597
-2.342470 -0.159618 1.454188
-2.496093 -0.121325 -0.719737
-1.922202 -0.441577 -1.587747
-3.455146 -0.636532 -0.734751
- 2.682059 0.947404 - 0.815607
62.234231 -0.597799 - 0.325639
13.000035 -0.305728 0.405386
12419669 -0.291318 -1.363267
81.328865 -1.370554 -0.038206

PR ROR R

Frequencies (cm *):

50.0336, 82.8265, 98.5641, 139.8074,

195.5855, 219.4728, 312.8821, 322.6917,
353.1724, 447.2378, 565.8749, 626.9306,
739.932, 897.8154, 928.2548, 931.7204,

1027.8774, 1105.2947, 1125.4762,
1151.0374 1251.5156, 1278.9729,
1350.4671, 1392.6685 1423.720],
1440.7971, 1499.9997, 1504.828],
1509.239, 1572.3312, 1692.315,
2954.8476, 3002.3246, 3018.4074
3031.757, 3049.2372, 3113.5535
3117.2996, 3190.2494

Compound: EtCHCH + O; TSwn 3

Energy (kJ mol - -382.289183739601

1):

Reaction Coordinates:

6 -1.545335 -0.609861 -0.286742
6 -0.255296 -0.069809 0.251718
61.212363 -1.226087 - 0.030727
10.976700 -1.609793 -1.034609
10.942455 -1.905010 0.793582

- 0.135030 0.032524 1.326185
-1.502398 -0.601549 -1.376635
-1.624653 -1.653921 0.022398
-2.768403 0.172136 0.209604
-2.728957 1.210393 - 0.118345
-3.683810 -0.272204 -0.180487
- 2.829451 0.163127 1.298494
2.231101 -0.4847740.118844

ORRPRRPORRR

Frequencies (cm ™):

-426.1407, 72.9101, 138.5843, 183.0661,
219.8746, 268.0899, 346.7494, 459.651,
508.2332, 523.3521, 608.4241, 777.8767,
857.5223, 922.2455, 989.5744, 1023.7985

1053.4144, 1129.407, 1159.8942,
1175.5114, 1220.2794, 1247.9129,
1308.0359, 1345.6354, 1391.6902
1409.0356, 1427.4596, 1478.9227,
1499.4702, 1506.0657, 1543.4644
2908.3518 2969.9697, 3035.1435
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8 1.363557 1.404732 0.115508
8 0.245988 0.959812 - 0.433565

3042.1514, 3076.1155 3099.8787,
3107.8007, 3125.5084

IRC:

Compound: EtCHCH + O; Canti 3

Energy (kJ mol - -382.326871850469
1y.
):

Reaction Coordinates:

6 1.682958 - 0.376258 0.480233

6 0.478414 0.168596 - 0.181204
10.202695 -0.081213 -1.197907
8 -0.218075 1.026178 0.419951

8 -1.395417 1.400440 - 0.215688
11.766417 0.049307 1.479484
11.508398 -1.450676 0.592772

6 2.958300 -0.143078 -0.344184
1 3.173608 0.919880 - 0.447576
13.807066 -0.614721 0.148639
12.869657 -0.572464 -1.342310
6 -2.363237 -0.631119 -0.075880
1 -2.836350 -0.404181 -1.040674
1 -2.897077 -0.277371 0.815657

8 -1.403136 -1.386295 0.010503

Frequencies (cm *):

51.1515, 66.648, 92.4584, 130.9317,
194.017, 208.92, 301.0918 341.8677,
380.6756, 450.7932, 551.7221, 568.1698,
771.8888, 904.0266, 922.2135, 945.5875,
1022.4017, 1090.9935 1150.018,
1184.417, 1251.413, 1272.135, 1327.7774
1372.5887, 1418.121, 1468.3447,
1501.0234, 1505.4013 1509.1729
1568.4794, 1691.7973 2954.917,
3018.8271, 3028.4212 3040.1328
3089.064, 3109.3343 3111.5661, 3186.394

Compound: EtCHCH+ Q; TSo1.1

Energy (kJ mol -~ -382.286715066888
1y.
):

Reaction Coordinates:

6 1.430273 0.428141 - 0.530970
6 0.313174 0.606204 0.496953

6 -0.634902 -1.014463 0.644438
10.035500 -1.863800 0.607104

1 -1.176311 -0.810951 1.559690

1 0.645912 0.547928 1.551081

1 0.998266 0.069531 - 1.466329
11.805312 1.433304 -0.737928
62.578517 -0.464086 -0.067641
12988791 -0.119827 0.884153

Frequencies (cm ?):

-439.9642, 73.5107, 123.9199, 197.9683,
238.1236, 296.9909, 335.888, 478.116,
506.3905, 581.9165, 606.1546, 780.8548,
842.1224, 893.1091, 953.5894, 1027.9135,
1048.2043 1070.4783 1124.7923
1168.9999 1222.7028 1265.3405,
1283.8069, 1314.4639, 1346.4603
1419.469, 1461.539, 1478.6197,
1481.5675 1501.4491, 1504.7972,

280









































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































