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Initiation reactions

a-Habs

b-Habs

Chain propagation reactions

+ 

+ + 
?

Aim of the project

Combustion of CPO

QOO QOOH

etc …

Q•

To identify reaction pathways of cyclopentanone oxidation intermediates
using ab initio calculations and RMG simulations

What are the elementary reactions?
How fast are they?
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If Ri > εRchar
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Outline of the talk

Combustion of CPO

1. Ab initio calculations
QOO: H-migration vs HO2 elimination
QOOH: Ring opening vs cyclic ether formation

2. RMG simulations
Evolution of the system with time
Sensitivity analysis
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Computational methods
Gaussian

Arkane

Thermochemical properties
ΔfH°298K, S°298K, Cp(T)

Kinetic parameters
HPL k(T)

Electronic structure
calculations

ThermoKinetic
Calculations

rigid rotor- harmonic oscillator 
approximation 

TST
+ tunneling correction

hindered internal rotors

CO/OO/OH 
scans 

Transition States characterized
by one imaginary frequency 

Intrinsic Reaction Coordinate (IRC) 
calculations

CBS-QB3 high-level 
calculations
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List of reactions
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Ri = dCi/dt

Reactor simulations

Add species i Fuel properties

k

RMG simulations

Rate-based Model Enlarging Algorithm 
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HO2 elimination vs H-abstraction
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HO2 elimination vs H-abstraction
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bQOOHb’

HO2 elimination vs H-abstraction
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Kinetics, k∞ (T)

2000 K 500 K 2000 K 500 K

9

+

900 K

1250 K

1660 K

A = 8.9 x 104 s-1
n = 1.98

Ea = 21.3 kcal mol-1

A = 1.9 x 103 s-1
n = 2.45
Ea = 21.9 kcal mol-1

A = 4.0 x 108 s-1
n = 1.27

Ea = 22.7 kcal mol-1

A = 1.0 x 105 s-1
n = 2.51

Ea = 27.1 kcal mol-1

A = 4.1 x 104 s-1
n = 2.08
Ea = 20.4 kcal mol-1

A = 6.3 x 108 s-1
n = 1.21

Ea = 23.7 kcal mol-1

A = 7.9 x 108 s-1
n = 1.29

Ea = 29.1 kcal mol-1



Oxidation of 2-oxo-cyclopentyl
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Oxidation of 3-oxo-cyclopentyl
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Thermodynamics

Acyclic radicals Cyclic Ether

H298K = -8.7
S298K = 103.4

H298K = -7.5
S298K = 98.5
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S298K = 97.3

H298K = 1.2
S298K = 104.3

H298K = -49.5
S298K = 76.4

H298K = -34.2
S298K = 74.8

H298K = -36.3 
S298K = 75.5

H298K = -25.7
S298K = 87.7

H298K = -31.1
S298K = 91.3

H298K in kcal mol-1
S298K in cal mol-1 K-1

Enol
H298K

H298K

H298K

H298K = -46.8
S298K = 77.4
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Outline of the talk

Combustion of CPO

1. Ab initio calculations
QOO: H-migration vs HO2 elimination
QOOH: Ring opening vs cycler ether formation

2. RMG simulations
Evolution of the system with time
Sensitivity analysis



Oxidation of CPO

+ O2

CPO

T = 700 K
P = 10 bar

451 species & 18188 reactions
e = 0.01

2.6% CPO, 19% O2, 76% N2

isothermal isobaric 
batch reactor
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Sensitivity Analysis 

1

2

1

OH +
2

3

CPO

+H•

O2 +
H2O2 HO2 ++

+ HO2

+H• HO2O2 + (M) + (M)

2 HO2 H2O2 + O2

T = 700 K
P = 10 bar

Sensitivity of the concentration of CPO (c) to the kinetics (k_i)
of the RMG-generated model

3

H2O2+
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H2O2

OH

O2

HO2

Sensitivity Analysis 

CPO

T = 700 K
P = 10 bar

Sensitivity of the concentration of CPO (c) to the thermo (G_i)
of the RMG-generated model
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Conclusions and Perspectives

1. Ab initio calculations
q PES for aR• + O2 and bR• + O2 @ CBS-QB3 level of theory

QOO species: Competition between HO2 elimination (termination) and a’-Habs (propagation)
QOOH species: enol formation for aQOOHa’, cyclic ether formation (3-membered rings)

Mechanism of 20 species, 21 rate constants and 15 thermodynamic data

2. RMG simulations
q Mechanism of 450 species and 18800 reactions

Olefin obtained from HO2 elimination

Ø Compute thermo and kinetics for the species/reactions of the sensitivity analysis
Ø Ignition delay = f(T)
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