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KUCRS System

KUCRS: Knowledge-basing Utilities for Complex Reaction Systems

— Tools for rule-based construction of kinetic model

* built on compilation of class libraries:
- molecule class (species identification, properties [including o etc.],
manipulation, etc.)
- specAdmin class (species administration)
- reaction class (reaction description with detection of duplication and
dead-end species, etc.)

— User customizable

e reaction "macro" definition in external text files
e user customizable external "name" library
 open source software distributed under GPL

http://www.frad.t.u-tokyo.ac.jp/~miyoshi/KUCRS/




KUCRS — features

— SMILES support *after version 2010.03.31

* fuel input

'CCC' — propane, 'CC(C)C' — isobutane
* Species output

'[0]OC(C)(C)COQ!, 'C=C=C!, '[0]CC(C)=C, etc.
e species library maintenance

— Concurrent processing of multiple fuel input

* N0 complex merging process required
e generates "cross" reactions including:
R+ R'O, > RO +R'O
RO, + fuel — fuel-R + ROOH
RO, + R'O, - RO + R'O + O,
for all R and RO, originated from fuels
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Diversification of Fuel Sources
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Carbohydrate
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Optimization Based on Chemical Kinetics !




Computational



Computational Method

0 CBS-QB3 & CASPT2 calculations by using
e Gaussian 03 and MOLPRO 2008.1

a TST & VTST calculations with 1D-tunneling
correction and hindered rotor treatment by using
« GPOP
http://www.frad.t.u-tokyo.ac.jp/~miyoshi/gpop/
a2 RRKM calculations

(thermal decomposition or chemical activation;
multiple-well multiple-channel system) by using

e SSUMES based on UNIMOL-RRKM
and LAPACK/BLAS

http://www.frad.t.u-tokyo.ac.jp/~miyoshi/ssumes/




Hindered Rotors

a Pitzer-Gwinn approximation after BEx1D analysis
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Rotational Conformers

0 Rotational-Conformer Distribution Partition
Function: qgcp

4-hydroperoxy-1-butenyl
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Isomerization Reactions of RO,
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Generalized Energy Diagram for RO, Reactions
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Substitution Dependence 4.1-H shift reactions
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Reaction-Type Dependence
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'‘Unified' Rate Constants
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Reactions of OOQOOH
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Generalized Diagram for OOQOQOH Reactions
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TST Rate Constants

Rate constants are nearly equal to (or slightly smaller
than) those of isomerization of corresponding RO,
with -OOH to -CH, replacement

v-O0QOOH 5,1-H shift
reactions cf.) RO, 5,1-H shift reactions
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New Evaluations

Elim/HO2/R02/pp R 47E+12

Elim/HO2/R02/ps R 73E+12

Elim/HO2/R02/pt  342E+12

Elim/HO2/R02/sp G 96E+12

Elim/HO2/R02/ss 7.35E+12

Elim/HO2/R02/st  7.06E+12

Elim/HO2/R02/tp 126E+13

Elim/HO2/R02/ts 177E+13

Elim/HO2/R02/tt  382E+13

Isom/R0O2/5pp 1.26E+12 O.
Isom/R02/5ps 1.02E+12 O.
Isom/R02/5pt 6.95E+11 O.
Isom/R02/5sp 1.54E+12 O.
Isom/R02/5ss 8.50E+11 O.
Isom/R0O2/5st 5.41E+11 O.
Isom/R0O2/5tp 1.80E+12 O.
Isom/R02/5ts 1.44E+12 O.
Isom/RO2/5tt 9.76E+11 O.
Isom/R0O2/6pp 3.07E+11 O.
Isom/R02/6ps 2.24E+11 O.
Isom/R0O2/6pt 1.31E+11 O.
Isom/R02/6sp 3.92E+11 O.
Isom/R02/6ss 5.26E+11 O.
Isom/R0O2/6st 2.42E+11 O.
Isom/R02/6tp 5.05E+11 O.
Isom/R02/6ts 3.48E+11 O.
Isom/R0O2/6tt 3.57E+11 O.
Isom/R0O2/7pp 4.36E+10 O.
Isom/R0O2/7ps 3.39E+10 O.
Isom/R0O2/7pt 1.53E+10 O.
Isom/R02/7sp 9.27E+10 O.
Isom/R02/7ss 7.93E+10 O.
Isom/R0O2/7st 3.28E+10 O.
Isom/R0O2/7tp 5.04E+10 O.
Isom/R02/7ts 5.78E+10 O.
Isom/RO2/7tt 2.20E+10 O.
Demp/QO0H/cyc3Q0pp 9.80E+12
Dcmp/QO0H/cyc3Q0ps 6.22E+12
Dcmp/QO0H/cyc3Q0pt 1.07E+13
Demp/QO0H/cyc3Q0sp 7.43E+12
Demp/QO0H/cyc3Q0ss 3.02E+12
Dcmp/QO0H/cyc3Q0st 4.61E+12
Demp/QO0H/cyc3Q0tp 5.73E+12
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Molecular-Size Dependent Fall-off
Rate Constants
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Size Dependence?

- CCR predicted by previous KUCRS

critical compression ratio
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Size Dependence?

- CCR predicted by previous KUCRS always showed
systematic deviation between series of alkanes
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Rate Coefficients for R + O,

- Dominated by RO, formation at engine-cylinder pressure
(> 10 atm) at least for C, and larger R

- Fall-off behavior at > 800 K is significant
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R + O,: Potential Energy Curves
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Table 3. Comparison of the Calculated and Experimental Rate Constants (cm* molecule™ s™)

b3lyp/cbsb7

s.m.(cbs-qb3)

exp. caspt2(7,5)/aDZ
(err) (err) (err)
ethyl 7.8x107% [2] 7.28x107%  (-7%) 4.11x107? (-47%) 2.93x107?  (-62%)
i-propyl  1.41x107™ [3] 1.25x107™" (-11%) 8.29x107 (-41%)
n-butyl  7.5x107% [4] 9.21x107? (+23%) 3.54x107 (-53%) 1.59x107" (+112%)
s-butyl  1.66x107™ [4] 1.26x107™" (—24%) 4.26x107? (-74%) 4.24x107%  (-74%)
1.73x107 (-26%) 8.03x107?  (-66%)

t -butyl

2.34x107" [4]

2.50x1071

(+7%)

- caspt2(7,5)/aDZ
potential curves
predict rate constants
at room temperature

best.




24

R + O,: Variational TST

Size-Independent High-Pressure Limiting Rate Constants
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- Similar VTST behavior for the same class of R
(primary / secondary / tertiary)
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R + O,: RRKM Fall-Off Analysis

Size Dependent Low-Pressure Limiting Rate Constants
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- Significant difference between dissociation steady-state
and chemical-activation steady-state calculations at
high-temperature suggests non-steady state behavior
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R + O,: Size-Dependent Formula for A

- Parameters for modified Arrhenius Expression:
ky=ATlexp(—£,/ RT)
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Effect of Size Dependence

critical compression ratio
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- Systematic deviation
disappeared !

with:
- size-dependent fall-off rate
constants for R + O,

- size-dependent fall-off rate
constants for KetOOH
decomposition

- reduced OH-yields for alpha-H
vinoxy + O,

- More validation is
required
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Summary

— Systematic Quantum Chemical Calculations for:

« All important RO, isomerization reactions including:
concerted HO, elimination
4,1-, 5,1-, and 6,1-H shift
cyclic ether formation from B-, y-, and 6-QOOH

* Important OOQOOH isomerization reactions including:
concerted HO, elimination & 4,1-H shift of B-OOQOOH
5,1-H shift of y-OOQOOH
6,1-H shift of 5-O0OQOOH

— Size-Dependent Fall-Off Rate Evaluation for:

* R + O, reactions based on the VTST and RRKM calculations for:
R = C,H;, i-C3H-, n-C,Hg, s-C,Hg, t-C,Hy, N-C¢H 3, i-CgH ;-

» Thermal decomposition reactions of KetOOH:
based on k, for R + O,

* More validation is required

— Remaining Questions
« Fall-off behavior of substituted vinoxy radical + O, reactions
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