Electronic Supplementary Material (ESI) for Physical Chemistry Chemical Physics.
This journal is © the Owner Societies 2018

Supporting Information for:

Direct Kinetics Study of CH,00 + Methyl Vinyl Ketone and CH,00 +
Methacrolein Reactions and an Upper Limit Determination for CH,00 + CO

Reaction

Arkke J. Eskola,"?* Malte Déntgen,” Brandon Rotavera,'’ Rebecca L. Caravan,! Oliver Welz,'*
John D. Savee,’$ David L. Osborn,’ Dudley E. Shallcross,? Carl J. Percival, **
and Craig A. Taatjes'*

!Combustion Research Facility, Sandia National Laboratories, 7011 East Avenue, MS 90535,
Livermore, California 94551, USA

2University of Helsinki, Department of Chemistry, A.1L. Virtasen Aukio 1, FI-00560 Helsinki,
Finland

3 School of Chemistry, The University of Bristol, Cantock’s Close BS8 1TS, UK

4The School of Earth, Atmospheric and Environmental Science, The University of Manchester,
Simon Building, Brunswick Street, Manchester, M13 9PL, UK

T Present address: Department of Chemistry and College of Engineering, University of Georgia,
Athens, GA, 30602, USA

t Present address: BASF, Carl-Bosch-Str. 38, 67056 Ludwigshafen, Germany
§ Present address: ABB, 3055 Orchard Dr., San Jose, CA 95134
¥ Present address: Jet Propulsion Laboratory, 4800 Oak Grove Drive, Pasadena, CA 91109 USA

* Corresponding authors: arkke.eskola@helsinki.fi, cataatj@sandia.gov



Table S1: Ionization energies of the reference species in eV.

Species (];Ztgraez‘::) XTB HF B3LYP CC* CBS* Combined

Acetone 9.70 (1) 15.76  8.20 9.39 9.78  9.55 9.69
2-Butanone 9.52 (2) 15.16 8.08 9.19 9.62 9.36 9.53
Acetaldehyde 10.22 (3) 16.33 8.74 9.96 10.29 10.06 10.21

Propanal 9.96 (3) 15.72  8.58 9.67 10.08 9.82 9.99
2-Methyl-Propanal 9.72 (4) 1531 8.45 9.39 9.84 951 9.73
2-Methyl-1-Propene 9.19 (5) 14.76  7.63 8.81 923 9.23 9.21

Cyclopentane 10.35 (5) 15.05 9.92 9.94 10.52  10.39 10.45
Tetrahydrofuran 9.54 (6) 1491 8.10 9.01 9.52  9.30 9.43
aDLPNO-CCSD(T)/CBS(TZ,QZ)
Table S2: Ionization energies of the reference species in eV.

Species Literature (reference) = HF B3II; Y cc? C*BS Con:lbine
2-Pentanone 9.37 (7) 8.02 9.09 9.55 9.28 9.45
3-Pentanone 9.31(2) 7.98  9.00 946 9.18 9.36

Butanal 9.83 (4) 851 9.1 999 9.71 9.89

MVK 9.66 (8) 801 929 873 9.51 9.65

Ethene 10.50 (9) 875 10.22 10.51 10.53 10.50

Methoxyethene 8.93 (6) 742  8.63 8.96 8.81 8.90
Cyclopentene 9.02 (10) 7.58  8.55 9.04 9.04 9.02
2,5-Dihydrofuran 9.16 (11) 8.69 8.64 937 9.25 9.30
ADLPNO-CCSD(T)/CBS(TZ,QZ)
Table S3. Lennard-Jones parameters from group additivity theory !2:
Species A C E F G
c 6.03 A 6.03 A 5.82 A 5.86 A 5.86 A 592 A
€ 396.2 K 396.2 K 404.0K 398.7K 398.7K 396.7 K
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Figure S1. Bimolecular plot of CH,OO decay rate at 4 Torr and 300 K temperature versus
CF;CHCHj, concentration. A linear fit (red line in figure) to the data returns A(CH,O0 + CF;CHCH,;)
=(6.85+10.44) x 1015 cm? s7! (+ 20 uncertainty) from which an upper limit <((CH,OO + CF;CHCHy,)

<1.75 x 10" cm? s'! is obtained.
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Figure S2. a) Comparison of time behavior of m/z = 101 signal, probably originating from a
dissociative ionization of CH,O0O-MVK adduct, with the parent signal of the CH,O0O-MVK adduct
at m/z = 116. b) Comparison of time behavior of m/z = 43 signal, may be originating from a
dissociative ionization of the CH,00-MVK adduct, with the parent signal of the CH,OO-MVK
adduct at m/z = 116. ¢) Comparison of time behavior of m/z = 84 signal with m/z = 101 signal. All

signals are obtained by integration over photon energies from 9.0 — 10.75 eV.
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Figure S3. Comparison of time behaviors of m/z = 86 and m/z

MACR adduct) signal at m/z = 116. All signals are obtained by integration over photon energies from

9.0-10.75¢V.
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Figure S4. a) Absolute photoionization spectrum of methacrylic acid at parent m/z = 86 measured in
this work. b) Comparison of experimental product spectrum at m/z = 86 from CH,O0 + MACR
reaction (as shown with blue line in figure 2b) with the absolute photoionization spectrum of
methacrylic acid at m/z = 86.



Cationic molecular properties of CH,O0 + MVK/MACR adducts

Schemes S1 and S2 show the cation minimum energy conformers of the CH,O00 + MVK/MACR
adduct structures, respectively, and show their partial charges, spin densities, and AIEs. Note that
partial charges and spin densities with absolute values below 0.15 are not shown. The five-
membered rings of the cationic adduct structures are less puckered compared to the neutral
structures, as can be observed by comparing Scheme S1 versus Scheme 2 and Scheme S2 versus
Scheme 3, respectively. Within these rings one can observe the most significant change in partial
charge distribution: The peroxide bridge has a combined partial charge of about -0.5 e in the neutral
case, but is practically neutral in the cationic case. In addition, the partial charges of the hydrogen
atoms attached to the ring are roughly 0.06 e larger in the cationic case compared to the neutral case,
summing up to a total change of charge of about 0.36 e (MVK) and 0.30 e (MACR). The remaining
0.14 —0.20 e are mostly covered by the increase of the partial charge of the keto-group oxygen when
ionizing the adduct structures.

Except for compounds A and E, it is observed that the doublet spin is predominantly located at the
“terminal” oxygen of the peroxide bridge, i.e. the terminal oxygen of the former Criegee
intermediate. For compound A, the doublet spin is predominantly located at the “central” oxygen of
the former Criegee intermediate and for compound E, the doublet spin is distributed among both
oxygens of the peroxide bridge. This peroxide bridge-focused spin density distribution coincides

with the neutralization of the peroxide bridge upon ionization.



(a) Compound A [1-(1,2-dioxolan-4-yl)ethan-1-one]: /E =9.12 eV

(d) Compound D [5-methyl-7H-1,2,4-trioxepine]: IE = 8.61 eV
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Scheme S1: Cation molecular structures, partial charges, and spin densities of the CH,00-MVK
adducts and their calculated adiabatic ionization energies. The atoms which previously belonged to
the Criegee intermediate are highlighted. Partial charges and spin densities with absolute values

below 0.15 are not shown.



(e) Compound E [4-methyl-1,2-dioxolane-4-carbaldehyde]: /E =9.25 eV

(h) Compound H [6-methyl-7H-1,2,4-trioxepine]: /E = 8.59 eV
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Scheme S2: Cation molecular structures, partial charges, and spin densities of the CH,O0-MACR
adducts and their calculated adiabatic ionization energies. The atoms which previously belonged to
the Criegee intermediate are highlighted. Partial charges and spin densities with absolute values
below 0.15 are not shown.
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