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The two isomers of propylperoxy radical 1-C3H;0, and 2-C3H;0,,
together with their individual rotamers, are identified and assigned
by threshold photoelectron spectroscopy with the aid of high-level
theoretical computations, from which their accurate adiabatic
ionization energies are derived. This study paves the way to probing
elusive peroxy radicals and their isomers in advanced mass
spectrometry analysis of combustion and atmospheric reactions.

Peroxy radicals (RO;) are key reaction intermediates in the low
temperature oxidation of organic compounds and play essential
roles in combustion and atmospheric chemistry.}® In the
atmosphere, they are formed by the reaction of oxygen with
alkyl radicals (R), produced from oxidation of organic
compounds with oxidizers such as OH, Cl etc., via three-body
collision reactions,
R+02,+M > RO+ M (1),

where M represents a third species removing the excess
internal energy of the peroxy radicals. Peroxy radicals can react
with various species like NOy (NO and NO,), HO, (OH and HO,)
and other RO,, as well as performing self and unimolecular
reactions, at the core of an abundant chemistry network in the
troposphere, controlling the radical cycles and the formation of
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secondary pollutants such as ozone and secondary organic
aerosols.! Correspondingly, peroxy radicals have attracted a
great deal of attention and are the subject of numerous
experimental and theoretical studies.!3

A broad
spectroscopy,? cavity ring-down spectroscopy (CRDS),* chemical

range of methods including absorption
ionization mass spectrometry (CIMS)® and photoionization mass
spectrometry (PIMS)8® have been used to analyse peroxy
radicals. Among them, PIMS, in particular combined with
tunable vacuum ultraviolet (VUV) synchrotron radiation, is seen
as a universal analytical method with high sensitivity and
selectivity to probe radicals and elucidate their reactions. For
example, Fu et al. and Meloni et al. studied VUV photoionization
of alkylperoxy radicals and found that most of their cations are
unstable.81% Savee et al. observed the hydroperoxyalkyl radical
(QOO0OH), formed via intramolecular H-atom transfer of the
peroxy radical in the oxidation of 1,3-cycloheptadiene, by
measuring the photoionization efficiency (PIE) curve.!!

The reaction mechanisms of peroxy radicals often correlate
to their structures, which become progressively complex with
increasing mass and usually contain several structural isomers
(plus their rotamers).! The knowledge on peroxy radicals’
isomers is very limited and only a few works, mainly from Miller
et al., can be found in the literature.* 1214 Miller et al. used
different precursors to produce the isomers of peroxy radicals
and obtained their near infrared CRDS, in which even some
rotamers were observed.* 13 But, because of restrictions in
terms of universality, this spectral region has not been widely
used for kinetics.! Probing the isomers of peroxy radicals is still
challenging, even with the universal and selective VUV
synchrotron radiation PIMS due to the instability of their
cations,®1° limiting mechanistic information on reactions where
they might be involved.

Photoelectron photoion coincidence (PEPICO) spectroscopy
analyses simultaneously electrons and ions formed by
photoionization and can provide spectral fingerprints for very
dilute and elusive species in complex reactions by recording
photoelectron spectra (PES) for each mass.’® In addition,
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combined with tunable synchrotron radiation as a light source,
threshold photoelectron signals can be obtained when the
photon energy resonates with the cationic energy level offering

much richer and isomer-specific spectral information than PIE.16.

17 In this work, we present a study on the identification of the
two isomers of propylperoxy radical (C3H;0;) by using the state-
of-the-art method of double imaging PEPICO (i’PEPICO)
spectroscopy’® available on the VUV beamline DESIRS at SOLEIL
French synchrotron radiation source, complemented by
accurate theoretical computations on the structure, the
vibrational spectra and the energetics of the cationic and
neutral species (Fig. 1). A microwave discharge flow tube is
employed as chemical reactor to model the low temperature
oxidation of propane.l® 20 The two isomers, 1-C3H;0, and 2-
C3H;0,, are clearly identified and assigned in the mass-selected
threshold photoelectron spectrum (TPES) with the aid of their
computed adiabatic ionization energies (AIEs) and Franck-
Condon factors. The experimental and theoretical details can be
found in the Supplementary Information.

To investigate and decipher the complex chemistry
occurring within the flow tube, experiments were performed in
two steps. Firstly, propane without oxygen was fed into the flow
tube and reacted with fluorine atoms generated by microwave
discharge of F, to produce the propyl radicals. The two isomers
of the propyl radical, 1-C3H; and 2-CsHy, are formed through the
H-abstraction reactions.

F+CH3CH,CH3;>HF+CH;CH,CH, (1-C3H,)  (2a)
F+CH3CH,CH3>HF+CH3CHCH; (2-C3H,)  (2b)
These reactions have been studied before and the formation
ratio of the two isomers was reported at 1-CsH7/2-C3H; = 2.3.2
22 The photoionization time-of-flight (TOF) mass spectrum
integrated in the 7.2—-11 eV energy range was measured and is

presented in Fig. S1(a). The peak at m/z = 43 appears as the

C;H7 neutral and ionic species

A T e

1-C,1, 1-C 1" 2-C,H, CH
1-C3H702 neutral species

AR e

GGz G1T2 T1G2 G'1G2 T2
1-C3H;0:* ionic species

YT g g

GsaTz* GibT2* GicT2* G1aGz* G1bG:*
2-C3H70:2 neutral species

AT

G

2-C3H,0;" ionic species

Fig. 1 The stable structures of the isomers of the propyl radical and
the propylperoxy radical, together with their cations, obtained at the
(R)CCSD(T)-F12/aug-cc-pVDZ level of theory. Their total energies are
given in Table S1. For the propylperoxy radical, we used the
denomination of Tarczay et al.'* for the isomers and rotamers.
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most intense with a narrow width and is assigned $o,the.prapyl
radical. Its correlated ion image displays &9mHI19581°8GE 26thé
velocity focusing of the i2PEPICO setup DELICIOUS 11,18 23
showing the cold character of this nascent species with no
kinetic energy release (KER). The m/z = 43 (C3H") cation might
be formed from dissociative ionization of the remaining
propane precursor in the flow tube, but this possibility is
discarded because of the appearance energy of the CsH;*
fragment located at 11.59 eV,2* outside of the aforementioned
energy range. In the flow tube the nascent propyl radical self-
reacts to produce propene and hexane, which contribute to the
m/z = 42 and 86 peaks.?®

The mass-selected photoelectron signal corresponding to
the propyl radical was measured in coincidence by scanning the
photon energy with a 50 meV step size and is presented in Fig.
2(a). The mass-selected TPES is obtained by integration of the
photoelectron signal I(hv, KE) along a constant cationic state
(diagonal lines), according to the equation below,28

TPES(hw) = [,“"** I(hv + KE,KE)dKE (3).

Fig. 2(b) presents the TPES of the propyl radical together
with its PIE. In comparison to the smooth variations of the PIE
curve, two electronic bands with partially resolved vibrational
structures can be observed in the TPES within the 7.3-8.7 eV
energy range, providing rich spectral and structural information
of the propyl radical. The overall shape of the TPES agrees well
with that of the literature TPES by Zichittella et al., in which the
vertical ionization energies (VIEs) of 2-C3H; and 1-C3H; locate at
~7.75 and 8.36 eV.2” In comparison to the Hel PES by Dyke et
al.,?? the first band of the TPES is more intense, which might be
ascribed to the effect of resonant autoionization in the photon
energy scan. The peaks of the two electronic bands in the TPES
of Fig. 2(b) locate at 7.72 + 0.01 and 8.32 + 0.01 eV and are thus
assigned to the ionization of the 2-CsH; and 1-C3H; isomers,
respectively. It can be noted that the integrated area ratio of
the PIE of 1-C3H; and 2-C3H; is different to the value of 2.3
previously determined,?! suggesting that these two radicals
have different self-reactivity and/or ionization cross sections.

to
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Fig. 2 Mass-selected photoelectron kinetic energy matrices and TPES
corresponding to the m/z = 43 cations acquired (a, b) without and (c,
d) after adding oxygen into the flow tube, together with the PIE curves.

This journal is © The Royal Society of Chemistry 20xx
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Subsequent addition of oxygen into the flow tube leads to
several product channels by reactions with propyl radicals that
have been proposed and observed, as listed below.28

C3H7 + Oz > C3HG + HOZ (48)

C3H7 + O; > C3HeO + OH (4b)
CH3CH,CH,+0,+M->CH;3CH,CH,00 (1-C3H,0,)+M  (4c)
CH;3CHCH;+0,+M->CH3CH(OO)CH; (2-C3H,0,)+M  (4d)

Note that the propylperoxy radical should be produced as two
isomers, 1-CsH;0; and 2-C3H,0,, together with their individual
rotamers, i.e. the G1G,, G1T,, T1G,, T1T> and G1'G; of 1-C3H;0,,
and the G and T of 2-C3H;0, (cf. Fig. 1).1314

Fig. S1(b) presents the mass spectrum integrated in the 9—
11 eV energy range after addition of oxygen into the flow tube.
The peaks at m/z 42 and 58 are assigned as the products CsHg
(Eq. 4a) and C3HeO (Eq. 4b).

demonstrated that the propylperoxy cation C3H;0," is unstable
8,9,28

Previous studies have
and dissociates into fragments C3H;* and O, and thus no
signal is observed at m/z 75. The other minor peaks are ascribed
to the products of secondary reactions inside the flow tube.?8

Our theoretical calculations indicate that the ground state
of the C3H;0;" is of X3A” nature with large geometrical changes
between the neutral and cationic ground states (Fig. S2). These
result in weak and undetected transitions to populate the
C3H;0;" (X3A”) within the present energy range. Conversely, the
alA’ first excited states of the cations are calculated to be bound
with C-O bond lengths at 1.46 and 1.56 A, close to those of the
neutral X2A“ ground state, and should be predominantly
populated by the photoionization process. The potential energy
curve of the a’A’ state crosses the X3A“state at ~1.8(1.9) A and
their interaction, e.g. via spin-orbit coupling, can induce the
predissociation of the C3H;0,%(a*A’) ions into the CsH;* and O,
fragments, which explains why the C3H;0," cations are unstable
and why only the CsH;* fragment ions can be observed in the
mass spectrum.® % 28 The pre-dissociation is fast and a large
ratio of the available energy upon dissociation (~1 eV) is
released into the kinetic energies of the fragments. Indeed, the
derived KER of C3H;* displayed in Fig. S1(b) shows a broad curve
with attainable ion kinetic energies up to 0.8 eV when oxygen is
added, in stark contrast with the narrow distribution in

Table 1. Calculated adiabatic ionisation energies (AIEs, eV) of the propylperoxy
radicals’ isomers and rotamers. See Table S1 for details. For other
photoionization transitions, see Table S2.

Photoionization transition 2 AIEsS®  AIEs®

1-C3H/02 GiT2 2> GiaT2" 9.90 9.88

GiG2 2 GiaGz* 9.94 9.90

G1'G2 2 Gi1bG2* -- 9.80

TPES 9.919 + 0.005
2-C3H702 G->G" 9.76 9.74

TPES 9.759 + 0.005

2 To populate the lowest singlet cationic state.

b Using the PBEO/aug-cc-pVDZ (optg)//(R)CCSD(T)-F12/aug-cc-pvVTZ (SP) +
ZPVE (PBEO/aug-cc-pVDZ) composite scheme.

¢ Using the (R)CCSD(T)-F12/aug-cc-pVTZ (optg) +ZPVE (PBEO/aug-cc-pVDZ or
MO06-2X/AVTZ) level composite scheme.

This journal is © The Royal Society of Chemistry 20xx
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Fig. S1(a) obtained without oxygen. View Article Online
Fig. 2(c) and 2(d) show the mass-sélettéd OFROTTIEEti6h
kinetic energy matrix and the TPES in the 9—11 eV energy range
(with a 20 meV step size) corresponding to the C3H;* fragment
ion in Fig. S1(b), i.e. in oxygenated conditions. In Fig. 2(b),
corresponding to the TPES of the propyl radical, no electron
signals are observed in the 9—11 eV range. Thus the broad band
in the 9.4-10.7 eV range, superimposed with fine vibrational
structures in the TPES of Fig. 2(d), originates solely from the
propylperoxy radical, i.e. from its fragmentation into a hot CsH;*
ion. Moreover, in the photoelectron matrix and in the TPES of
the propylperoxy radical no electronic signals can be observed
at~ 9.0 eV, close to the calculated AlEs (8.68 and 8.88 eV) of the
X3A“ ground state, indicating that the X3A“ state is not
populated in the photoionization, consistent with the above
theoretical calculations. The AIEs of the a'A’ electronic state of
2-C3H;05" and 1-C3H,O,* are calculated at 9.74 and 9.88 eV
(most intense transition from G;T,), as listed in Table 1, in very
good agreement with the first two peaks of the TPES measured
at 9.759 + 0.005 and 9.919 + 0.005 eV in Fig. 2(d). The error bars
mainly include the uncertainty in the photon energy calibration,
the influence of the scanning step size and the signal-to-noise
ratio of the TPES?°. Worth noting the good performance of the
less computationally demanding PBEO/aug-cc-pVDZ
(optg)//(R)CCSD(T)-F12/aug-cc-pVTZ (SP) + ZPVE (PBEO/aug-cc-
pVDZ) composite scheme with respect to the costly (R)CCSD(T)-
F12/aug-cc-pVTZ (optg) +ZPVE (PBEO/aug-cc-pVDZ approach.

In order to assign the TPES, the Franck-Condon factors for
the ionization transitions of the two isomers 1-CsH;0; and 2-
C3H;0,, from their neutral X>A” ground state to the cationic a*A’
excited state, have been calculated at the M062X/aug-cc-pVTZ
level. Only the GiG,, GiT,, Gi’G, and G rotamers show
favourable Franck-Condon factors. The calculated PES of these
rotamers are obtained from the Franck-Condon factors and
presented in Fig. 3. The relative ratio between the 1- and 2-

=—+—=TPES

= Fitted

-=-=2-C;H,0, (G)
1-C3H70, (GiTy)
1-C3H40, (G1G)

- - - 1-GH,;0, (G/'Gy)

9.4 9.6 9.8 10,0 102 104 106 108
Photon cnergy (eV)

Fig. 3 TPES of the propylperoxy radical and the fitted result with the
calculated PES of the G1G2, G1T2, G1’Gz, and G rotamers, where the
vibrational origin (0-0) bands of the a'A’ state of 1-C3sH7O2* and 2-
C3H702* are marked with stars. The simulated PES have been
convolved with a 35 meV Gaussian to match the width of the observed
bands, and shifted by -19 meV (2-C3H702) and -39 meV (1- C3H70>).

J. Name., 2013, 00, 1-3 | 3
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C3H;0, isomers has been adjusted to best match the
experimental TPES, whereas the rotamer relative contribution
to each isomer is kept constant to that given by the FC
calculations. The agreement between the fitted and the
experimental data is satisfactory, as shown in Fig. 3, although
some differences can be observed at higher photon energy. One
of the reasons for this discrepancy could lie in the fact that the
TPES of the propylperoxy radical is directly acquired from the
electron signal of the CsH;* fragment and so its intensity should
be somewhat affected by the vibrationally energy-dependent
dissociation dynamics of CsH;0,", such as the spin-orbit
coupling predissociation of the aA’ state by the X3A“ state,
which deserves to be theoretically studied in the future.
Moreover, autoionization resonances could also influence the
shape of the TPES. Nevertheless, the comparison between the
fitted and experimental TPES spectra confirm that the first two
peaks correspond to the alA’ state of 2-C3H;0," (AIE = 9.759 +
0.005 eV) and that of 1-C3H;0," (AIE =9.919 + 0.005 eV).

In conclusion, we have identified the isomers of the
propylperoxy radical, generated in the microwave discharge
flow tube initiated with fluorine atoms in the CsHg/O,/He
their spectroscopic
characterization by using the state-of-the-art method of

mixture,  through photoelectron
i’PEPICO complemented by accurate theoretical computations
on the structure and the spectra of the neutrals and the cations.
energy that upon
photoionization the propylperoxy cation CsH;0," is not stable
and completely dissociates into the C3H;* and O, fragments,
making its experimental analysis challenging. Thus two kinds of
C3H7* cation, from ionization of the propyl radical and from
dissociative ionization of the propylperoxy radical, are observed
with different ion kinetic energies, and have been separated
spectrally in coincidence. The isomers of the propylperoxy
radical, 1-CsH;0;, and 2-C3H;0,, together with their individual
rotamers, are clearly identified and unambiguously assigned in
the mass-selected TPES with the aid of theoretical calculations.
In addition, the AIEs of the isomers 1-C3H;0; and 2-C3H;0; are
determined for the first time, with an accuracy of 0.005 eV, and
are in very good agreement with the present high level
theoretical results.

This work exemplifies the capabilities of i?PEPICO
complemented by advanced computations, as a powerful
method able to provide new insights into on-line analysis of
complex gas-phase chemistry reactions, such as combustion
and atmospheric oxidation, through isomer identification of
elusive radical intermediates such as the propylperoxy radical
presented here. Finally, the coincident ion kinetic energy
distributions offer further analytical advantages to distinguish
fragment (dissociative ionization) from parent (direct ionization)
ions, as demonstrated here and recently applied to the
quantification of ketohydroperoxides in low temperature
combustion of alkanes®.
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International Partnership Program of Chinese Academy of
Sciences (116134KYSB20170048), the French Agence Nationale
de la Recherche (ANR-12-BS08-0020-02) and SOLEIL (20150802).
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Experimental and Theoretical Details

Experiments were carried out with the i?PEPICO spectrometer, DELICIOUS llI, on
the undulator-based VUV beamline DESIRS at synchrotron SOLEIL, France." ?
Synchrotron radiation photons were dispersed by a 6.65 m normal incidence
monochromator with a 200 I.mm-* grating and the photon energy resolution was set at
~3 meV. A gas filter filled with Kr was utilized to suppress high harmonics emitted from
the undulator that could be transmitted by the grating’s high-orders. A flow tube was
employed as chemical reactor to model and study the low temperature oxidation of
propane, in which fluorine atoms produced from diluted F> gas in helium (5%, 15 sccm)
with a microwave discharge generator (Sairem, 2.45 GHz) were used to initiate
reactions.>* Reactants like propane and oxygen, together with helium carrier gas, were
added and the total gas flow rate was fixed at 1600 sccm with a 2 mbar pressure inside
the flow tube. The gas mixture was sampled through two skimmers (1 mm diameter)
and crossed the photon beam at the center of DELICIOUS Il1,%° where photoelectrons
and photoions produced by photoionization were extracted and accelerated in opposite
directions towards an electron velocity map imaging (VMI) device and a maodified
Wiley-McLaren ion momentum imager analyzer. The ion 3D velocity distribution is
derived from the TOF and the arrival position. The photoelectron images were filtered
by ion mass and velocity, and subsequently Abel inverted ° to obtain the electron

kinetic energy distribution and TPES.



Computations consisted of the determinations of the structures of the neutral and
ionic species of C3H70, sum formula and of the corresponding the adiabatic ionization
energies (AIEs), potential energy curves and Franck-Condon factors. Concretely, the
geometry optimizations, without constraints (in the C; point group), of the stable forms
of the neutral and the cationic species of C3H7O,, followed by (an)harmonic frequency
computations to ensure the minimal nature of the optimized structures, were done at
the PBEO/aug-cc-pVDZ level as implemented in the GAUSSIAN 09 program package.’
We also performed full optimization of the structures at the explicitly correlated coupled
cluster single-double and perturbative triple excitations approach, (R)CCSD(T)-F12 in
conjunction with the aug-cc-pVTZ basis set® as implemented in MOLPRO 2015 °.
Afterwards, we derived the AIEs of the C3H70O, isomers using either the PBEO/aug-cc-
pVDZ(opt)//(R)CCSD(T)-F12/aug-cc-pVDZ(SP)*  composite scheme or at the
(R)CCSD(T)-F12/aug-cc-pVDZ level (denoted (R)CCSD(T)-F12 /aug-cc-pVDZ (opt)).
Within the composite scheme, single point (SP) calculations using the (R)YCCSD(T)-
F12/aug-cc-pVTZ approach®, are done at the PBEO/aug-cc-pVDZ optimized
geometries. The full set of results are listed in Table S1 and Table S2. The composite
scheme PBEO/aug-cc-pVDZ(opt)//(R)CCSD(T)-F12/aug-cc-pVDZ(SP)'* * is viewed to
allow derivation of accurate energetics up to £ 0.02 eV (including AIES) as established
for a wide range of small and medium sized compounds, also including “unstable”

radicals and ions.>*®

The Franck-Condon factors for the ionization transitions of CsH-O», as well as for
the geometry and harmonic frequency calculations required as input parameters, were
calculated at the M062X/aug-cc-pVTZ level of theory using the time-independent
adiabatic Hessian Franck-Condon model in the GAUSSIAN program.” The data are

given in Fig. 3.

The potential energy curves of the low-lying electronic states of the neutral and the
cationic CsH;O, along the C-O coordinate (Fig. S2) were calculated at the

QCISD(T)/cc-pVTZ level of theory in the GAUSSIAN program.’



Results

Table S1. Computed equilibrium structures of the isomers and rotamers of the propylperoxy radical, together with their cations, obtained at the
PBEO/aug-cc-pVDZ and (R)CCSD(T)-F12/aug-cc-pVDZ levels of theory. We give also their PBEO/aug-cc-pVDZ total energies (in Hartree) and
zero point vibrational energies ZPVE (in eV) and (R)CCSD-F12(T)/aug-cc-pVDZ computations total energies (in Hartree). For the propylperoxy
radical, we used the denomination of Tarczay et al.* for the isomers and rotamers. For the neutrals we computed the lowest doublet state and

for the cation we computed the lowest singlet state.

Method/basis set

1-C3H;0: neutral species

G162

GiT2

T:G2

G’1G2

T.T>

PBEO/aug-cc-pVDZ (opt) @

-268.58289042

-268.58282837

-268.58245543

-268.58207934

-268.5823823

ZPVE /PBEO/aug-cc-pVDZ (opt) [ 2.73 2.73 2.72 22..7762[01 2.72
RCCSD(T)-F12 /aug-cc-pVDZ (SP) Pl | -268.47907369 | -268.47882282 | -268.47848217 | -268.47828718 | -268.47827678
RCCSD(T)-F12 /aug-cc-pVDZ (opt) ol | -268.47941948 | -268.47915014 | -268.47884503 | -268.47862173 | -268.47862221

Relative energy (cm-?) [l [ 0 59 126 175 175
1-CsH,O." ionic species
GiaTz" GibT," GiCTo" G:1aGy" GibGy"
PBEO/aug-cc-pVDZ (opt) [ -268.2124092 | -268.212061812 | -268.4534305[ | -268.21096674 | -268.4571536l
ZPVE /PBEO/aug-cc-pVDZ (opt) [@ 2.70 2.64 2.720 2.69 2720

CCSD(T)-F12 /aug-cc-pVDZ (SP) !

-268.11341454

-268.11302719

-268.11201897




CCSD(T)-F12 /aug-cc-pVDZ (opt) [@

-268.11496856

-268.11479234

-268.11438085

-268.11395345

-268.11702749

2-C3H;0; neutral species 2-C3H;0O;" ionic species
G T T G*
PBEO/aug-cc-pVDZ (opt) [@ -268.5886508 | -268.58801268 | -268.2242517 | -268.2213351
ZPVE /PBEO/aug-cc-pVDZ (opt) [ 2.70 2.71 2.67 2.67
(R)CCSD(T)-F12 /aug-cc-pVDZ (SP) 1! | -268.48532326 | -268.48469911 | -268.12587128 | -268.12535720
(R)CCSD(T)-F12 /aug-cc-pVDZ (opt) @ | -268.48567130 | -268.48502450 | -268.12745737 | -268.12652401
Relative energy (cm-?) (@l [d 0 142

[a] Full optimisation.

[b] Single point computations at the PBEO/aug-cc-pVDZ optimized geometry.

[c] Optimised at the M06-2X/aug-cc-pTVZ level of theory.
[c] Relative energy to the most stable rotamer.




Table S2. Calculated adiabatic ionisation energies (AIEs, eV) of the propylperoxy
radicals’ isomers and rotamers. See Table S1 for details.

Photoionization transition ¥ | AIE P! | AJE [
1-C3H702
G1G; 2 GiaT," 9.92 9.88
GiT2 > GqaT?* 9.90 | 9.88
T1G2 2 GiaTy" 9.91 9.88
G’1G; 2 GiaT," 9.92 9.87
TiT2 2 GiaTy* 9.90 | 9.87
G1G; 2 GiaGy* 9.94 9.90
GiT2 > GiaGy" 9.94 | 9.90
T1G2 = G1aGy* 9.94 9.90
G'1G2 2 G1aGy* 9.93 9.89
T T2 2 GiaGy* 9.93 | 9.89
GiT2 2 G1bT* 9.86 9.82
2-C3H;0;
G->G* 9.76 9.74
G>T" 9.75 9.71
T>G" 9.73 9.71
T->T 9.72 9.69

[a] To populate the lowest singlet cationic state a'A’".
[b] Using the PBEO/aug-cc-pVDZ (optg)//(R)CCSD(T)-F12/aug-cc-pVTZ+ZPVE (SP) composite scheme.
[c] Using the (R)CCSD(T)-F12/aug-cc-pVTZ+ZPVE level after full optimisation.
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Fig. 81 Photoionization TOF mass spectra and the m/z 43 ion images acquired (a)

without (integrated in the 7.2-11 eV range) and (b) with (integrated in the 9-11 eV range)
addition of oxygen into the flow tube, together with its kinetic energy distributions (iKE,

white dashed lines).
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Fig. S2 Potential energy curves of (a) the G1G;, rotamer of 1-C3H;0; and (b) the G
rotamer of 2-C3H;O;, and their cations along the C-O coordinates, together with a
zoom on the cationic ground state minima. The Franck-Condon (FC) region is
displayed as a purple arrow.
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