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Combustion chemistry is complex
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Modern kinetic models are large
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We want to build predictive kinetic models
for any fuel in any conditions.

Use a Reaction Mechanism Generator
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rmg.mit.edu

rmg.coe.neu.edu
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Reaction mechanism generators need to...

1.Represent molecules (and identify duplicates)

AT

2.Create reactions (and then new species)

S Sl

3.Estimate thermo and kinetic parameters (quickly!)

4.Choose what to include and what to leave out
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1. Represent Molecules:
2-dimensional graphs

CH3sCH> -

multiplicity 2

1 G u0 pO cOo {2,5}
2 Cul pOcO{1,5}
3 HuO p0O cOo {1,5}
4 HuO p0O cOo {1,5}
5 H uO p0O cO {1,S}
6 H uO p0 c0 {2,S}
/ HuO p0 c0 {2,5}
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2. Create reactions:
Using reaction families

- Template for recognizing reactive sites
*2

*-1 *3 *1
R < R

* Recipe for changing the bonding at the site

Recipe:

 Break bond {*1, S, *2}
e Form bond {*2, S, *3}
 (Gain radical {*1, 1}

* Lose radical {*3, 1}

* Rules for estimating the rate
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3a. Estimate thermo:
Using Benson’s group contributions

1) C-(C)(H)3

1) 2(-10.20)
2) C-(C)3(H)
2) -1.90
4) Cb-(C) 3)  -4.86
3) C-(Cb)(C)(H)2 4 55|
5) Cb-(H)
5)  5(3.30)

Standard enthalpy : -5.15 kcal/mole
of isobutylbenzene
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3b: Estimate kinetics:
Using rules based on hierarchical trees

X—H + Y- <—> X- + Y—H

X —H
|
H —<|:—H c:<|:—H C=C—H o:c|—H —O0—H
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4. Choose what to include:
Rate-based expansion of the model core

Whether species “E” is brought in depends on rate
of formation of species Iin the core and a user-
defined tolerance
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RMG’s rate-based algorithm

Build reaction mechanism from ‘core’ species while
calculating and monitoring the edge species fluxes [€ |

Add species n to the core: l

e |[dentify if a duplicate of an existing species.

eGenerate thermochemistry for new species
>

*Generate kinetics for new reactions. such that Rn > Redgexn

*Recalculate pressure-dependent reaction networks.

Determine species n in the “edge”

G = G+

Y

Output the reaction mechanism
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Now more detalls...

- How to define species
» Controlling the flux-based expansion algorithm
» Reactor conditions, Tolerance, Pruning
 Controlling how to get parameters
- Seeds, Libraries, Estimates
- Extra features

- Constraints, Pressure dependence, QMTP, Liquid Phase

12
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Defining Species:
Input file syntax

species(
label="n-butane’,
reactive=True,
structure=smiles(“CCCCQC”),

)

species(
label="N2’,
reactive=False,
structure=INChI(“*InChl=1/N2/c1-27),

)

13
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Defining Species:
Chemical Identifiers

Molecules can be described using different schemes. For
example Ethene can be represented as:

SMILES Adjacency List
C=C Type of bonds <.

Charge V:~\
INChl Lone .pair electronswy :~\\\
1S/C2H4/c1-2/h1-2H2 Unpaired electronsy, ™*« "*y ",

D J
Elementwy, *.
A 2

A
Atom index w ‘o
~

)} N A Y s A Y

; HS C W0 p0 0 {2,D} {3,S} {4,5}
| ), - 2 C u0 p0 <0 {I,D} {55} {6,5}
C—C 3H u0 pO cO({l,S}
e N 4H u0 p0 cO{l,S}
H H 5H u0 p0 c0{2,S}
4 ¢ 6H u0 p0 <0 {2,S}
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Controlling the flux-based expansion:
Reactor conditions

simpleReactor(
temperature=(1200,'K’),
pressure=(1.0, bar’),
initialMoleFractions={
‘n-butane’: 0.1,
‘N2’: 0.5,
}
terminationConversion={
‘n-butane’: 0.5,

}

terminationTime=(1e-1,‘s’),

15
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Controlling the flux-based expansion:
Tolerance and Pruning

simulator(
atol=1e-16,
rtol=1e-8,

)

model(
toleranceKeeplnEdge=0.1,
toleranceMoveToCore=0.5,
tolerancelnterruptSimulation=0.9,
maximumEdgeSpecies=100000

16
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Controlling the flux-based expansion:
Tolerance and Pruning

4 i
3.5 /\ . |
E InterruptSimulation

3 :
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% C\\ :
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Reactant Conversion
Kehang Han, RMG study group, 7/10/14. http://cheme.scripts.mit.edu/green-group/rmg/ 17
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Controlling how to get parameters:
Libraries and Seeds

database(
thermolibraries = ['GRI-Mech3.0’, ‘DFT_QCI_thermo’],
reactionLibraries = [],
seedMechanisms = [],

KIne
KIne

KINne

See http://rmg.mit.edu/database/
for other libraries and depositories

icsDepositories = [‘training’],
icsFamilies = [‘lintro_Disproportionation’, ‘ISulbstitution_QO’],
icsEstimator = ‘rate rules’,

18
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Controlling how to get parameters:
Libraries and Seeds

General RMG Algorithm

19
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Controlling how to get parameters:
Libraries and Seeds

Reaction library

g

A—> B

B—>C

H—> |
p

»
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Controlling how to get parameters:
Libraries and Seeds

Seed mechanism

~

A—>B
B—>C
v |
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Extra features:
Species Constraints

generatedSpeciesConstraints(
maximumRadicalklectrons = 2,

)

maximum<Element>Atoms (e.g. Carbon, Sulfur)
MmaximumHeavyAtoms
maximumRBRadicalElectrons

22
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Extra features:
Pressure Dependence

0.0 2.5
™ -19.2
/\O -24.3 2301 -27.6
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)k O - N ’
H,C @)
O/ 23 *OH
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Extra features:
Pressure Dependence

pressureDependence(
method="modified strong collision’,
maximumGrainSize=(0.5, ‘kcal/mol’),
MinimumNumberOfGrains=250,
temperatures=(300,2000, ‘K’,8),
pressures(0.01,100,‘bar’,d),
interpolation=(‘Chebyshev’,6,4),

24
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Extra features:

QMTP

1) C-(C)(H)3

3) C-(Cb)(C)(H)2

) 2(-10.20)
2) C-(C)3(H)
2) -1.90
4) Cb-(C) 3) -4.86
4) 5.5
5) Cb-(H)
5)  5(3.30)

Standard enthalpy : -5.15 kcal/mole
of isobutylbenzene
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Extra features:
QMTP

Input file with
3D

Structure
Molecular
Properties
Molecule 3D
Connectivity Structure

Distance

Geometry

Magoon, G. R. & Green, W. H. Comput. Chem. Eng. 52, 35-45 (2012).

Quantum
Chemistry

26
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Extra features:
QMTP

guantumMechanics(
software="mopac’,
method="pm3’,
fileStore="QMfiles’,
scratchDirectory="‘QMscratch’,
onlyCyclics=True,
maxRadicalNumlber=0,

27
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Extra features:
Liquid Phase

liquidReactor(
temperature=(500, ‘K’),
initialConcentrations={
‘octane’; (6.0e-3,'mol/cmA3’),
‘oxygen’: (5.0e-6,'mol/cmA3’),
}
terminationTime=(5,'s’),

)

solvation(
solvent=‘octane’

)

28
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Final Options

options(
units="sr’,
saveRestartPeriod=(1,‘day’),
drawMolecules=False,
generatePlots=False,

)

saveConcentrationProfiles=True/False # liquid phase

29
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Example Input File

https://qithub.com/GreenGroup/BMG-Py/blob/master/
examples/rma/1%2C3-hexadiene/input.py

30
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