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Abstract

Unimolecular decay of syn-alkyl substituted Criegee intermediates, which form in the atmosphere via
alkene ozonolysis, is an important source of vinoxy radicals, intermediates in many atmospheric
processes. Vinoxy, CH,CHO, and 1-methylvinoxy, CH3CH,CO, were previously generated from
alternative photochemical pathways and investigated spectroscopically. Here, vinoxy and 1-
methylvinoxy are generated from the syn-CH3CHOO and (CH3).COO Criegee intermediates, and
detected via UV laser-induced fluorescence (LIF) on the B ?A”-X 2A” transition. Comparison with
previously reported LIF spectra provides definitive identification of the vinoxy and 1-methylvinoxy
radicals. High level, multireference calculations of the B-X transition energies agree well with
experiment.
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1. Introduction

Vinoxy radicals (CH,CHO) and substituted analogues with vinoxy functionality
(C(RiR2)C(R3)O) are intermediates in a number of atmospheric and combustion processes [1]. One
important source of vinoxy radicals in the troposphere is alkene ozonolysis. In this reaction, ozone adds
across a C=C double bond to form a primary ozonide (POZ), which then decomposes to yield a carbonyl
oxide, known as the Criegee intermediate, as well as a carbonyl coproduct. The alkene ozonolysis
reaction is highly exothermic, and the nascent Criegee intermediates are therefore formed with a high
degree of internal excitation[2]. Some portion of the Criegee intermediates will promptly undergo
unimolecular decomposition. The remaining Criegee intermediates will be collisionally stabilized, and
either undergo thermal unimolecular decay [2] or bimolecular reactions with other atmospheric species
[3].

For simple, substituted Criegee intermediates with an a alkyl H-atom in the syn position, the
primary atmospheric removal pathway is predicted to be unimolecular reaction [4], which occurs via a 1,4
H-atom transfer mechanism and is shown in Scheme 1. The o H-atom transfers to the terminal oxygen of
the carbonyl oxide group to yield a vinyl hydroperoxide (VHP) intermediate. The VHP then rapidly
decomposes to yield OH, along with a radical with vinoxy functionality [5,6]. The initial substituents of
the Criegee intermediate will determine the corresponding substituents of the vinoxy analogue, as shown
in Scheme 1. While much experimental work exists on OH production from Criegee intermediates [4—6],
neither vinoxy radicals nor their substituted analogues have been directly detected from the unimolecular
decay of Criegee intermediates prior to this report.

In previous laboratory studies, vinoxy radicals and their methyl-substituted analogues, 1-
methylvinoxy and 2-methylvinoxy, have been generated via 193 nm photolysis of vinyl-substituted
ethers, or by the reaction of alkenes (ethene and propene) with O(°P) atoms [7-11]. Thus, there is

extensive experimental work on their spectroscopy. Vinoxy, 1-methylvinoxy, and 2-methylvinoxy have

been detected via laser induced fluorescence (LIF) on their B ?A”-X 2A" electronic transition. The LIF



spectrum of the simplest vinoxy radical was first observed by Inoue and Akimoto in a fast-flow reactor
cell [7]. Subsequent work further characterized the LIF spectrum as well as the dispersed fluorescence
spectrum (DF) of the vinoxy radical under both jet-cooled [8,12] and ambient conditions [9]. The jet-
cooled LIF and DF spectra are vibrationally resolved, and are assigned based on theoretical calculations
of the vibrational modes in both the B ?A” and X *A” electronic states. The vibrationally resolved
features within the B-X system also exhibit rotational structure, allowing for the determination of the
geometric structure of the vinoxy radical. The LIF spectrum of 1-methylvinoxy has also been
reported.[10,13] Again, the LIF spectrum is vibrationally resolved, and provides information about the
vibrational modes of 1-methylvinoxy in the B A" state.

Previous theoretical investigations have been performed on the electronic structure and energetics
of vinoxy and substituted vinoxy species using different multireference methods.[14—17] The optically
allowed B-X transition, between states with A” symmetry, has been studied using multiconfigurational
self-consistent field (MCSCF) methods, followed by mutireference configuration interaction (MRCI), to
characterize the electronic structure changes associated with this transition in vinoxy [15,17], 1-
methylvinoxy [15], 2-methylvinoxy [14], and halogen-substituted [15] vinoxy systems. Additionally,
Matsika and Yarkony studied the photodissociation of vinoxy upon B-X excitation and suggested that
vinoxy dissociates to hydrogen and ketene products by nonadiabatic pathways [17]. Table S1 summarizes
the theoretical and experimental X state rotational constants and B-X electronic transition energies
reported in the literature.

In 2012, an alternative synthetic method was developed to efficiently produce Criegee
intermediates via photolysis of a diiodoalkyl species and subsequent reaction with oxygen [18]. In this
laboratory, this method has been coupled to a free jet expansion to generate cold, stabilized Criegee
intermediates in a collision free environment, including syn-CH3CHOO [6], (CH3)>COO [5], and most
recently (CH3)(CH3CH,)COO [19]. UV LIF on the OH A-X(1,0) transition has been employed to detect

OH radicals from the unimolecular decay of these Criegee intermediates [5,6,19]. Initially, OH products



from the unimolecular decay of internally excited syn-CH3CHOO were detected at early times following
248 nm photolysis of CH3CHI; in the presence of O, [20]. Infrared (IR) excitation was used to provide
cold Criegee intermediates with the energy required to surmount or tunnel through the TS barrier (15-18
kcal mol! depending on the Criegee intermediate [5,6,19]) for the 1,4 H-atom transfer reaction that leads
to OH radical products, which were again detected by UV LIF.

In this work, we present the first direct detection of vinoxy radicals and a substituted analogue
produced from the unimolecular decay of Criegee intermediates. Two alkyl substituted Criegee
intermediates are investigated, syn-CH3CHOO and (CH3).COO, which decay via the 1,4 H-atom transfer
mechanism to produce OH and vinoxy or 1-methylvinoxy products, respectively [5,6]. Vibrationally-
resolved LIF spectra of the B-X electronic transition are recorded for each species, allowing for
unambiguous identification of the vinoxy radicals. The experimental results are paired with ab initio
calculations utilizing high-level multireference methods in order to characterize the electronic structure

and B-X electronic transition energy of each species.

2. Methods
2.1 Experimental Method

The generation of the syn-CH3CHOO and (CH3),COO Criegee intermediates in a pulsed
supersonic expansion has been described previously [5,6]. Briefly, the 1,1-diiodoethane (CH3CHL) or
2,2-diiodopropane ((CH3)2Cl,) is entrained in a 20% O»/Ar gas mixture at a backing pressure of 25 psig
and pulsed through a pulsed valve (Parker Hannefin Series 9), which is gently heated to ca. 50 °C using a
Peltier Thermoelectric module in order to increase the vapor pressure of the diiodoalkane precursor. The
gas pulse travels through a quartz capillary reactor tube (1 mm ID, 25 mm length), and into vacuum. The
diiodo alkane precursor is photolyzed with 355 nm radiation from a frequency tripled Nd:YAG laser
(Continuum Powerlite 8000, ca. 20 mJ/pulse, 6 ns FWHM, 10 Hz), which is cylindrically focused onto
the tip of the capillary. The resulting monoiodo radical (CH3CHI or (CH3),CI) reacts with O, to produce

the Criegee intermediate (syn-CH3CHOO or (CH3),COO, respectively).



In previous experiments, 248 nm light from a KrF excimer laser (Coherent COMPEX 50) was
used to photolyze the diiodoalkane precursors. These precursors also absorb 355 nm light, albeit slightly
less strongly [21,22]. The 355 nm excitation also results in C-I bond dissociation (ca. 50 kcal mol ™) [23],
and provides ca. 30 kcal mol™! of excess energy. The resultant monoiodo radical then reacts with O, to
form the Criegee intermediate.

While the detailed energetics associated with the formation of syn-CH;CHOO and (CH3),COO
from their respective diiodoalkane precursors have not been reported, these processes are expected to be
analogous to the formation of the simplest Criegee intermediate formaldehyde oxide (CH,OO) from its
diiodoprecursor, CHzI» [23,24]. Velocity map imaging (VMI) studies of the photodissociation of CHzl,
estimate that 80% of the excess energy from photolysis is partitioned into the resulting CH,I monoiodo
radical [23,24]. When the CHalI radical reacts with O, (a nearly thermoneutral process with an enthalpy of
reaction of ca. 1 kcal mol!) [25], it is anticipated that a large portion of the energy will be retained as
internal excitation of the nascent CH>OO Criegee intermediate.

Given a similar process for the formation of syn-CH3;CHOO and (CH3).COQO, it is expected that
at least 80% of the excess energy from 355 nm photolysis of CH;CHI, or (CH3)2Cl; is partitioned into
internal excitation of the resulting alkyl-substituted CH3CHI or (CH3),Cl radicals. The actual energy
partitioning to internal excitation of the monoiodo radicals may be greater due to the larger number of
vibrational degrees of freedom of the substituted monoiodo radicals compared to CH,l. Assuming a
similar, nearly thermoneutral O, addition to the CH3CHI or (CH3),CI radicals, some portion of the
resulting syn-CH3;CHOO and (CH3),COO Criegee intermediates are born with high enough internal
energy to undergo prompt unimolecular decay prior to collisional cooling. The OH and vinoxy or 1-
methylvinoxy radicals that result from the prompt decay of syn-CH3;CHOO or (CH3)>COO, respectively,
are cooled in the supersonic expansion alongside the remaining Criegee intermediates and other
components of the gas mixture.

Approximately 1 cm downstream from the tip of the capillary, in the collision-free region of the
expansion, the gas mixture is intersected by a UV laser beam, which excites the cold vinoxy radicals on
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their B 2A”-X A" transition. Tunable UV radiation (0.5-3 mJ/pulse depending on wavelength, 5 ns
FWHM, 0.08 cm™! resolution) is generated by frequency doubling (InRad Autotracker I1I, KDP-C
Crystal) the output of an Nd:YAG (Continuum Powerlite 7020, 10 Hz) pumped dye laser (Continuum

ND6000, LDS 698 dye), which is loosely focused to a diameter of ca. 2 mm in the interaction region.

The frequency doubled dye laser output is scanned across a portion of the B ZA"-X 2" spectrum for each
of the vinoxy radicals; the frequency of the dye laser is calibrated using a wavemeter (Coherent
WaveMaster). Low resolution survey scans are performed at a high scan speed (2 points/cm™). The
resulting fluorescence is detected with a gated photomultiplier tube (Electron Tubes 9813QB) after
passing through a 400 nm bandpass filter (Thorlabs FBH400-40, center wavelength: 400 nm, bandwidth:
40 nm, maximum transmission: >90%), which spans the central portion of the vinoxy DF spectrum.[8]
The signal is preamplified and captured on a digital storage oscilloscope (LeCroy Waverunner 44Xi)
which is interfaced with a computer for processing. Based on previously reported fluorescence lifetimes

[8,10], the fluorescence signal was integrated for 220 ns following the UV probe laser pulse.

2.2 Computational Method
Electronic structure calculations of the ground (X) and second excited (B) electronic states of

vinoxy and 1-methylvinoxy were performed using Complete Active Space Self-Consistent Field
(CASSCEF) followed by single-point energy calculations using multireference configuration interaction
(MRCI) including the Davidson correction (MRCI+Q) [26-29]. In the calculations, all atoms were
described using the aug-cc-pVTZ basis set [30]. For the CASSCF wave function, the active space
consisted of freezing the 6 and 10 lowest doubly occupied molecular orbitals in vinoxy and 1-
methylvinoxy, respectively, with the remaining valence orbitals treated as active. In the MRCI
calculations, the same active space was used and all configurations in the CI expansion of the CASSCF
wave function having a weight larger than 0.04 were considered. For a more accurate characterization of
the equilibrium geometry, rotational constants, and harmonic vibrational frequencies of the ground state,

we also used the standard coupled-cluster theory with single and double excitations, including a



perturbative treatment of triple (CCSD(T)) [31,32]. All calculations were performed using MOLPRO

2019.1 [33].

3. Results and Discussion

We present LIF spectra attributed to the vinoxy and 1-methylvinoxy radical. In the first case, the
LIF spectrum is acquired following photolysis of the CH;CHI, precursor, where the resulting monoiiodo
radical reacts with O, to yield the syn-CH3;CHOOQO Criegee intermediate. The syn-CH3;CHOQO undergoes
unimolecular decay to OH and the vinoxy radical; the resultant LIF spectrum obtained in the 28750-
30000 cm™! range is shown in Figure 1. In the second case, the LIF spectrum is acquired following
photolysis of the (CH3),Cl, precursor, where the resulting monoiodo radical reacts with O to yield the
(CHj3),COO Criegee intermediate. Here, the (CH3),COO undergoes unimolecular decay to produce OH
and the 1-methylvinoxy radical. The resultant LIF spectrum acquired in the 27700-28020 cm™! range is
shown in Figure 2.

Based on comparison to previously published spectra [8,10,13], we identify the spectra shown in
Figures 1 and 2 as arising from the B-X transitions of the vinoxy and 1-methylvinoxy radicals,
respectively. This assignment is consistent with the predicted mechanisms for the unimolecular decay of
the syn-CH3;CHOO and (CH3),COO, which produce either the vinoxy or the 1-methylvinoxy radical,
respectively, as the coproducts of OH. In each case, only a portion of the spectrum is scanned; the spectra
have been extensively mapped previously [8,10,13], and a full analysis of the LIF spectrum is not the goal
of this work. Instead, a small section of the spectrum is recorded in order to confirm the identity of the
vinoxy or 1-methylvinoxy product. Table 1 provides a detailed comparison between key spectroscopic
features observed in this work and those reported previously.

The LIF spectrum (Figure 1) taken following photolysis of the CH3CHI, precursor is in excellent

agreement with the LIF spectrum for the B 2A"-X 2A” transition of vinoxy previously reported by Brock

et al.[8] . We observe the electronic origin (08) at 28787 cm’!, in good agreement with the previously

reported value of 28784 cm™ [8].



Adiabatic excitation energies were also calculated for the B-X electronic transition of vinoxy. The
MRCI+Q calculated value of 28445 cm™ (Table 1) quantitatively agrees with the experimentally
determined transition energy. At the CASSCF level, there is poor agreement with experiment, with the
excitation energy predicted to be 30099 cm™ (Table S2). This difference may be due to the exclusion of
electron correlation. The MRCI level shows better agreement with experiment, and is calculated to be
29300 cm! (Table S2). However, for quantitative agreement between experiment and theory, the
Davidson correction (MRCI+Q) is required, further improving the contribution of electron correlation to
the energy.

From analysis of the calculated molecular orbitals (Figure 3), the X state singly occupied
molecular orbital (SOMO) containing the unpaired electron has electron density concentrated along the
vinyl C=C double bond; the radical site is located on the terminal carbon. The B-X electronic transition
consists of two main electron promotions. The larger contribution involves promotion of an electron
from the highest occupied molecular orbital (HOMO-1) to the SOMO, which increases the bonding
character of the C=C vinyl bond. A smaller contribution to this transition comes from the promotion of an
electron from the SOMO to the lowest unoccupied molecular orbital (LUMO), shifting electron density
from the C=C vinyl bonding interaction to an anti-bonding orbital across the carbonyl double bond.

Two other high-intensity experimentally observed features, which are shifted to higher frequency

relative to the electronic origin by 920 cm™ and 1121 ¢cm’!, are also in good agreement with previously

reported features [8,12]. These features have been previously assigned to the 8(1) and 7(1), where vg (920 cmr’
1 is the CC stretching mode and v; (1121 cm™) is the CH, scissor mode [8,12]. Small differences in
relative intensities of features are seen in the present study compared to prior work [8], which are likely
due to experimental factors (e.g. filters). As shown in Figure S1 several weak features are observed at
lower energy than the electronic origin. Based on comparison with the previously reported LIF spectrum
of vibrationally hot vinoxy [34], these are ascribed to vibrational hot bands of the vinoxy radical,

indicating incomplete vibrational cooling of the vinoxy radical in the supersonic expansion.



B state harmonic vibrational frequencies calculated at the CASSCEF level are reported in Table S3
and agree well with previously reported theoretical values [35]. The calculated value for v; of 1150 cm™ is
29 cm! larger than the experimentally observed feature (no anharmonic corrections). The calculated value
for vs of 926 cm! also agrees well with the experimentally observed feature assigned to vs, differing by
only 6 cm’'.

An expanded view of the 08 transition is shown in Figure 4. The observed rotational band
contour is well-represented by a simulation in PGOPHER using experimentally determined ground and
excited state rotational constants for the vinoxy radical [8,11,36], a low rotational temperature of 15 K,
and an a/b type transition, in agreement with previously reported results [8]. Computed rotational
constants for the X and B electronic states of vinoxy, reported in Table 2, are in excellent agreement with
available experimental data [8,11], providing further confirmation that the spectral carrier is indeed the
vinoxy radical, which is rotationally cooled in the jet expansion. In addition, the observed fluorescence
lifetime (see Figure S2) is in accord with that reported by Brock et al. of 190 & 2 ns [8].

The LIF spectrum (Figure 2) taken following photolysis of the (CH3),CI, precursor has several
intense features that can be clearly attributed to the B 2A" - X 2A" transition of 1-methylvinoxy, based on
comparison to the previously reported LIF spectrum by Williams et al. [10,13]. In this case, the
electronic origin (08) has been previously reported at 27283 ¢cm!, but has low intensity and was not
scanned here [10,13].

Adiabatic excitation energies were calculated for the B-X electronic transition of 1-methylvinoxy.
The MRCI+Q calculated value of 27812 cm! for the adiabatic excitation energy agrees well with the
previously observed electronic origin, and improves upon previously reported calculations.[15] The
CASSCEF calculated value of 28593 cm™! showed poor agreement with experiment while the MRCI
calculated value of 30212 cm™! shows worse agreement (Table S2). For 1-methylvinoxy, the adiabatic
excitation energy calculations differed greatly when restricting to C; or Cs symmetry, with C; symmetry

yielding more accurate results across all levels of theory (Table S2). The inadequacy of the calculations



with Cs; symmetry may stem from constrained orbital rotations necessary in Cs symmetry, the number of
configurations, or the limited active space (see discussion in SI regarding symmetry).

The B-X transition of 1-methylvinoxy is dominated by the promotion of an electron from the
HOMO-1 to the SOMO, representing the promotion of electron density from the carbonyl double bond to
the C=C vinyl bond. Again, a second, smaller, contribution comes from the promotion of an electron from
the SOMO to the LUMO, moving electron density from the vinyl C=C bond to an anti-bonding orbital
associated with the carbonyl double bond (see Figure 3).

We observe two strong features shifted to higher frequency relative to the electronic origin by
483 and 589 cm!, in accord with previously observed features (see Table 1) [10,13]. The observed feature
at 589 cm! also exhibits a shoulder at 597 cm!, again in good agreement with previous results [10,13]. A
pair of weaker features at relative frequencies of 681 and 714 cm! are also observed, in good agreement
with a similarly shaped pair of previously reported features [10,13]. In the 1-methylvinoxy case, the
assignment of the vibrationally resolved features in experimentally observed LIF spectrum is less
straightforward than for vinoxy, due to the presence of a methyl torsional mode in both the ground and
electronically excited state [10,13]. All five of the features discussed above are attributed to transitions
between pure torsional levels in the ground and excited electronic states [13]. Additionally, we observe
features between 28000-28200 cm™! (see Figure S3) that have not been reported for jet-cooled 1-
methylvinoxy and likely arise from another source, e.g. products from a reaction of 1-methylvinoxy with
O,, and will be explored in future work.

4. Atmospheric implications

In the atmosphere, the vinoxy radical and its substituted analogues may undergo unimolecular
decay or bimolecular reaction. There are two potential pathways for unimolecular decay of the vinoxy
radical[37]. The first is dissociation to yield ketene and an H atom. The second proceeds via
rearrangement to an acetyl radical, followed by decomposition to yield a methyl radical and carbon

monoxide. The first pathway is expected to dominate with a branching ratio of approximately 2:1[37].
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The rates for these unimolecular reactions have not been reported, but the high barriers associated with
them (ca. 40 kcal mol ™) suggest they should be slow [38]. Detailed unimolecular reaction energetics for
substituted vinoxy analogues have not been reported, but are assumed to proceed via similarly high
barriers.

Bimolecular reaction of vinoxy radicals and their substituted analogues can occur with a variety
of atmospheric species, most importantly O, [39—42]. The reaction with O; is predicted to be the most
likely oxidation pathway of the vinoxy radical, due to the large atmospheric abundance of O, compared to
other possible oxidants [26]. The reaction of vinoxy with O, has been shown experimentally to be quite
fast, with rate constants on the order of 107> cm® s™! at 298 K in the high pressure limit [39,41,42]. Rate
constants 5-7 times faster than these have been observed for the reactions of 1-methylvinoxy
(CH2C(CH3)0) and 2-methylvinoxy (CH;CHCHO) with O [40,43]. A summary of the rate constants for
the reactions of various vinoxy-like radicals with O is given in Table S4.

The fast reaction of vinoxy and 1-methylvinoxy with O, may explain why vinoxy radicals have
not been observed in previous experiments on Criegee intermediates under thermal conditions (i.e. in flow
tubes). Because Criegee intermediate synthesis in these experiments relies on the reaction of the
monoiodo radical with O,, there must be excess oxygen available in the system, which can quickly react
with the vinoxy radicals. To some extent, it is surprising that these radicals are observed at all in this
work, given that they are formed in the presence of excess oxygen in the capillary reactor tube. However,
the vinoxy radicals are generated near the tip of the capillary reactor tube. This results in a brief residence
time within the capillary reactor tube, which is apparently short compared to the reaction timescale.
Subsequent supersonic expansion results in cooling (15 K rotational temperature) and isolation. These
conditions enable the vinoxy radicals to survive and be detected by LIF in the interaction region.

The vinoxy + O, reaction proceeds by a nearly barrierless addition to the carbon-centered vinoxy
radical to form an oxoalkylperoxy radical [38] (though the vinoxy radical in its ground state can be drawn
in two resonance forms, with the radical site on either the oxygen or carbon atom, it is understood that the
unpaired electron is primarily localized on the carbon atom) [44]. Substituted vinoxy analogues are
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expected to react with O; via a similar mechanism [40,45]. These oxoalkylperoxy radicals are a subset of
peroxy radicals (RO-), which are important intermediates in a variety of atmospheric processes [46]. The
newly formed oxoalkylperoxy radical may dissociate back to reactants, react with other atmospheric
species, or undergo unimolecular decay or rearrangement.

Bimolecular reactions available to oxoalkylperoxy radicals in the atmosphere include reaction
with HO to yield peroxides, or with NO to yield alkoxy radicals or alkyl nitrates.[46] Unimolecular
decay may occur via several different mechanisms to form various products (including OH radicals)
[38,42,45]. Even more importantly though, the oxoalkylperoxy radicals associated with O, addition to
larger vinoxy radicals may undergo autoxidation, whereby successive H-atom transfer reactions and O,
additions yield low-volatility organic compounds that are implicated in the formation of secondary
organic aerosols [47]. Recent experimental [47—49] and theoretical [S0] work has shown that this
autoxidation chemistry is of great importance in the ozonolysis of biogenic alkenes such as a-pinene,
producing highly oxidized, multifunctional low volatility molecules that lead to particle growth. As
unimolecular decay of Criegee intermediates, particularly large, biogenically-derived Criegee
intermediates, is predicted to be to be a dominant atmospheric removal pathway[3], the production of
vinoxy radicals represents an important radical propagation reaction in the atmosphere and a key
connection between alkene ozonolysis and SOA formation.

5. Conclusion

Unimolecular decay of syn-CH3;CHOO and (CH3),COO has been shown to generate vinoxy and
I-methylvinoxy radicals, respectively, along with OH radicals. The vinoxy radicals are cooled in a
supersonic expansion and detected by UV LIF on their B2A”-X*A" transitions. The UV LIF spectra of
vinoxy and 1-methylvinoxy have been reported previously, but the radicals were generated by different
photochemical pathways [7—10,13]. Comparison between the LIF spectra presented herein and those
reported previously provides unambiguous identification of each vinoxy radicals species. High-level ab

initio calculations of the electronic structure of vinoxy and 1-methylvinoxy show that MRCI+Q adiabatic
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excitation energies agree well with experiment. The strategy used here demonstrates that calculations
performed in C; symmetry better characterize vinoxy radical species, and this technique can be extended
to explore vinoxy species arising from larger and more complex Criegee intermediates. The reaction
between vinoxy radicals and O, is a critical link between Criegee intermediates and RO, chemistry, and

can lead to secondary organic aerosol formation in the atmosphere.
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Figure 1: LIF spectrum taken following photolysis of CH3CHI, and subsequent reaction of the resulting
monoiodo radical with O; to form the syn-CH3;CHOO Criegee intermediate. The spectrum is attributed to
the B-X transition of the vinoxy radical, CH,CHO, which forms from the unimolecular decay of the syn-
CH3;CHOO and is cooled in the supersonic expansion, based on comparison with the previously reported
spectrum for the vinoxy radical in Ref. [8]. Only the strongest features are labeled for simplicity.
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Figure 2: LIF spectrum taken following photolysis of (CH3),CHI, and subsequent reaction of the resulting
monoiodo radical with O, to form the (CH3),CHOO Criegee intermediate. The features with asterisks are
discussed in the text, and attributed to the B-X transition of the 1-methylvinoxy radical, CH.C(CH3)O,
which forms from the unimolecular decay of the (CH3)CHOO and is cooled in the supersonic expansion.
The assignment is based on comparison with the previously reported LIF spectra for the 1-methylvinoxy
radical in Refs. [10] and [13]. Smaller features have also been observed previously in the LIF spectrum

of the 1-methylvinoxy radical.
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Figure 3: Frontier molecular orbitals of the X >A” state for vinoxy and 1-methylvinoxy (isovalue=0.05) at
the CASSCF/aug-cc-pVTZ level of theory. The arrows illustrate the orbital promotions (with weighting)
that dominate the B-X electronic transitions.
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Figure 4: Expanded view of the 03 band observed in the experimental LIF spectrum of the B-X transition
of the vinoxy radical (red). The spectrum is overlayed with a rotational band contour (black) generated in
PGOPHER [36], which uses previously determined rotational constants for the X [11] and B [8] states, an
a/b-type (0.6/0.4) transition, and a rotational temperature of 15 K.

18



Table 1: Key peak positions from this work compared with prior reports, and comparison of experimental
and theoretical band origins for the B-X transition of vinoxy and 1-methylvinoxy.

Frequency (cm™)

Transiti Absolute Position Relative Position

ransition -
Literature® WilrlS(a Literature \Ifl(l)lrsk Theory

Vinoxy®

0 28784 28787 0 0 284454
28716°

83 29701 29707 917 920

73 29906 29908 1122 1121

1-methylvinoxy®

a 27283 - 0 - 278124
28242f

d 27764 27766 481 483

e 27869 27872 586 589

e 27881 27880 598 597

f 27963 27964 680 681

g 28002 27997 719 714

2 Transition frequencies are taken from peak positions, while those from literature are band origins.
®Band origins and labels for vinoxy and 1-methyl vinoxy from references [8] and [10,13], respectively.
¢The electronic origin of 1-methylvinoxy has low signal and is not scanned in this work. Relative
positions of observed peaks are based on the literature value for the band origin.

4 This work (MRCI+Q/aug-cc-pVTZ).

¢ Ref. [17].

fRef. [15].
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Table 2: Rotational constants (in MHz) of vinoxy in the ground (X) and second excited (B) electronic
states calculated using different levels of theory with the aug-cc-pVTZ basis set.

Ground state (X 2A")

Second excited state (B 2A")

CCSD(T) CASSCF Experiment® CASSCF Experiment®
A 67092 67006 66676 63182 63232
B 11155 11471 11447 9995 10295
C 9564 9794 9758 8630 8961
2Ref. [11].
bRef. [8].
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