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1,6 H-shift in Isoprene

Simplified scheme for 1-OH:

)\/ +0OH +02 ‘P:\ 1,6 H-shift 4>:\
= RN HO HO—.
HO \ -0,

H ‘00 HOO

H-shift rate constants (297 K, s1)

___________|Experiment! |Theory>

1-OH system 0.36 0.49
4-0OH system 3.7 5.4

1Teng et al. J. Am. Chem. Soc., 2017, 139, 5367-5377
2 Peeters et al., J. Phys. Chem. A, 2014, 118, 8625-8643
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Multi-Conformer Transition State Theory

Conventional TST, unimolecular
reaction:
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MC-TST, unimolecular reaction:
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Energy

Transition States

Products

Reactants

Reaction Coordinate

Ers1 — Er, = Energy difference between lowest-energy
conformer of reactant and transition state

Vereecken et al., J. Chem. Phys., 2003, 119, 5159-5170
Mgller et al., J. Phys. Chem. A, 2016, 120, 10072-10087
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Theoretical Approach

MMFF-charge systematic conformer search

\ 4

B3LYP/6-31+G(d) single-point

<

} 100 kcal/mol cut-off
B3LYP/6-31+G(d) optimization

o<

2 kcal/mol cut-off
wB97X-D/aug-cc-pVTZ optimization and frequencies

\ 4

CCSD(T)-F12a single point calculation of lowest-energy conformer

\ 4

MC-TST calculation with Eckart tunnelling

Mgller et al., J. Phys. Chem. A, 2016, 120, 10072-10087
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Peroxy Radicals Studied
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Peeters et al., ]J. Phys. Chem. A, 2012, 116, 6134-6141
Peeters et al., ]J. Phys. Chem. A, 2014, 118, 8625-8643
St. Clair et al., 1. Phys. Chem. A, 2016, 120, 1441-1451
Bates et al., J. Phys. Chem. A, 2016, 120, 106-117

Jgrgensen et al., J. Phys. Chem. A, 2016, 120, 266-275
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Example Reaction Scheme

HO OH

Ho , OH L= 1.4x107 s
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D’Ambro et al., Environ. Sci. & Technol, 2017, 51, 4978-4987
Jgrgensen et al., J. Phys. Chem. A, 2016, 120, 266-275
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Rate Constants
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Crounse et al., J. Phys. Chem. A, 2012, 116, 5756-5762
Teng et al., J. Am. Chem. Soc., 2017, 139 (15), pp 5367-5377
Praske et al., Proc. Natl. Acad. Sci., 2018, 115, 64-69
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Praske et al., J. Phys. Chem. A, under review
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Stereoisomerism: Effect
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GEOS-Chem Modeling

Yield of H-shift products for given peroxy radical: 10> - 1
Unique H-shifts: >0.30xisoprene (total 0.5xisoprene)
OH recycling: 0.47xisoprene
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Stereoisomerism

diastereomers

enantiomers
| |
HOO =« - OOH
2 S) OH
O RE >on Ho s
H 00 00 H
HOO = - OOH
HO (S R)- OH
R on  Ho ™ m
H 00 ‘00 H

J

|

Different rates

enantiomers

\

J

f
Different rates

- Same rate

—

diastereomers

- Same rate




UNIVERSITY OF COPENHAGEN

OOH
Stereoisomerism: Isoprene H OOH
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Mgller et al., J. Phys. Chem. A, 2017, 121, 2951-2959
Hazra et al., J. Phys. Chem. A, 2011, 115, 5294-5306
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Chiral enhancement
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Stereospecificity in Crotonaldehyde Oxidation

- MNo
A[NO] [ o
CH
kpg =2.9x107" 57!
0 >
N 7 kps =2.5x102 5!
Q) .
XO 66\{\9{\ 00
‘e&,‘&
= /O =
\/\/ ‘6
B“Off 0 00
Crotonaldehyde gyl
1[‘1'0

kg =2.8x1071 57!
* /O R.R . _
kpg=9.4x107 57!




UNIVERSITY OF COPENHAGEN

Stereospecificity in Crotonaldehyde Oxidation II
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Conclusions

- Calculated MC-TST rate constants for peroxy H-
shifts in isoprene oxidation

- Large variation within reaction classes

- Modeling suggests that 30 % of isoprene
undergoes H-shift

- Potentially large stereospecificity
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