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Peroxyl radicals (ROO) are key intermediates in atmospheric
chemistry, with relatively long lifetimes compared to most
other radical species. In this study, we use multireference
quantum chemical methods to investigate whether photolysis
can compete with well-established ROO sink reactions. We
assume that the photolysis channel is always ROO +hy =>
RO+OCP). Our results show that the maximal value of
the cross-section for this channel is 6=1.3x10""®cm” at
240 nm for five atmospherically representative peroxyl
radicals: CH;00, C(O)HCH,00, CH3CH,00, HC()OO
and CH;C(O)OO. These values agree with experiments to
within a factor of 2. The rate constant of photolysis in the
troposphere is around 107°s™' for all five ROO. As the
lifetime of peroxyl radicals in the troposphere is typically less
than 100s, photolysis is thus not a competitive process.
Furthermore, we investigate whether or not electronic
excitation to the first excited state (D;) by infrared radiation
can facilitate various H-shift reactions, leading, for example,
in the case of CH;00 to formation of OH and CH,O or
HOO and CH, products. While the activation barriers for H-
shifts in the D; state may be lower than in the ground state
(Dg), we find that H-shifts are unlikely to be competitive
with decay back to the Dy state through internal conversion,
as this has a rate of the order of 10 s™" for all studied systems.

1. Introduction

Photolysis processes play an important role in the Earth’s
atmosphere, because they lead to the formation of radicals,
ions, atoms and other reactive species [1]. In the troposphere,
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the photodissociation of O3, HONO and H,O, leads to the formation of OH radicals [2], while n
photolysis of NO, leads to the formation of OCP) (and thus Os) [3]. The photolysis of O, is also the
main mechanism creating the ozone layer in the stratosphere [4]. Photolysis is an important loss
process for a few organic species in the troposphere, such as formaldehyde [4], or acetone and
other small ketones [5]. However, for most closed-shell organic compounds, the role of photolysis is
more indirect: rather than being directly photolysed, the dominant atmospheric loss process, for
example, for hydrocarbons is a bimolecular reaction with one of the photochemically generated
oxidants (e.g. OH, O3 or NOs). With the exception of NO,, the photolysis of radical species is seldom
considered in atmospheric chemistry, mainly due to the very short lifetimes of most atmospherically
relevant classes of radicals. For example, most alkoxy (RO) and alkyl (R) radicals typically have
atmospheric lifetimes around or below 107 and 107%s, respectively [6-8]. Even if photolysis of these
species were reasonably fast, it would thus be unable to compete with other chemical loss channels
[1,5,6].

Peroxyl radicals (ROO), usually formed by the addition of O, to carbon-centred radicals, are crucial
intermediates in both atmospheric oxidation and combustion. Compared to alkoxy and alkyl radicals,
peroxyl radicals are relatively long-lived, as their main sink reactions involve low-concentration
radicals such as NO, HOO or other ROO [7-10]. Especially, the latter reaction mechanism has recently
received much attention as it may lead (via intersystem crossings) to the formation of low-volatility
ROOR ‘dimers’ crucial for the growth of atmospheric aerosol [10]. Complex peroxyl radicals have also
recently been found to have unimolecular reaction channels, such as H-shifts, but these are
seldom much faster than 1s™" at atmospheric temperatures [11]. In general, the tropospheric lifetimes
of ROO are thought to vary between about 0.01 and 100s [11], with longer lifetimes corresponding
to cleaner (unpolluted) conditions. If photolysis of ROO were exceptionally rapid, e.g. comparable
to that of NO,, it could thus contribute substantially to ROO loss in clean conditions. Photolysis
of ROO has been studied both in the UV and the IR spectral regions [12-16]. Experimental
cross-sections for photolysis in the UV region have been presented for multiple peroxyl radicals
[15,17-28] and compiled, for example, in the dataset ‘MPI-Mainz UV/VIS spectral atlas of
gaseous molecules of atmospheric interest’ [29]. However, the actual rate constant of ROO photolysis
has, to our knowledge, not been directly estimated by theoretical or experimental methods. In
addition to potential UV photolysis, Frost [12] has proposed that photolysis of CH;OO (or other
ROO) may also occur indirectly via IR excitation to the first excited state (D;). Even though the D,
state is bound, Frost [12] proposed that for example the 1,3 H-shift of the CH300 radical in this state
is extremely fast, leading to rapid formation of OH and H,CO. In the ground state, the 1,3 H-shift is
prevented by a prohibitively high energy barrier. However, Frost did not explicitly compute the
lifetime for the D; state, but simply assumed it to be long enough to allow for the reaction. We note
that for larger ROO, multiple different H-shift channels may be available. Some of these lead to
prompt dissociation (as in the case of CH;00), while others lead to alkyl radicals (denoted ‘QOOH’
in combustion chemistry), which may then add O, to yield second-generation peroxyl radicals [11]. In
both cases, enhancement of the H-shift rates by IR excitation would be of great relevance to
atmospheric chemistry.

In order to calculate the rate constant of photolysis, the solar flux and the wavelength-dependent
photolysis cross-section are required [1,30,31]. The cross-section can be obtained either from
measurements or by quantum chemical calculations [31,32]. The calculation of photolysis cross-
sections of polyatomic molecules is computationally demanding [31,33]. Recently, a simple and fast
model was developed for calculating photolysis cross-sections [34]. This model was applied to many
diatomic molecules, including oxides, fluorides and chlorides of alkali metals [34-36]. The photolysis
rate constants for these species were calculated in the exospheres of the Moon, Mercury and satellites
of Jupiter using the experimentally measured solar flux. In the Earth’s troposphere, the solar flux
function at wavelengths shorter than 305 nm is cut off by the ozone layer [1,37]. (We note that some
radiation in the 290-305 nm interval does reach the troposphere, and is crucial for tropospheric O3
photolysis and OH production, but for the purpose of computing ROO photolysis rates at ground-
level conditions, we ignore this ‘tail” as the flux is relatively low.)

The solar flux was measured for typical tropospheric conditions, for example, in the work of
Chance & Kurucz [38]. Taking these measurements into account, we have calculated the tropospheric
photolysis cross-sections and representative rates for five peroxyl radicals, which contain an
atmospherically representative selection of other functional groups (alkyl, carbonyl and acyl). Also,
we simulated various H-shift reactions of RO, in the D; excited state, and calculated the lifetime of
the D, state with respect to internal conversion (IC; i.e. decay back to the ground state).
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2. Theoretical model and calculation details
2.1. Theoretical model of photolysis

The rate of photolysis | of a molecule by solar photons can be expressed as

Abind
J= J o(A)P(A)dA, (2.1)
0

where o is the photolysis cross-section of the molecule, @ is the solar photon flux and Aping is the
wavelength of photons corresponding to the binding energy of the bond broken in the photolysis
reaction [30,31]. By applying equation (2.1), we implicitly assume that the quantum yield of photolysis
is 1. For the UV excitations studied here, this is a reasonable assumption, as the relevant excited
electronic states are unbound.

For practical calculations, the integral (2.1) must be simplified to a sum, as the solar photons flux is
only known (or tabulated) for a discrete set of wavelengths intervals

]: ZL = Z o'maxi(/\i)(pi(/\i)A)\i/ (22)

where J; is the photolysis rate, o;,xi(4,) is the photolysis cross-section at wavelength 1;, ®;(1,) is the solar
photon flux and A4, is the half bandwidth for the ith wavelength band. Experimental values for @;(1;) can
be taken, for example, from the works of Chance & Kurucz [38]. To estimate the solar flux in the
troposphere, we set @;(4;) to zero for 2 <305 nm.

The photolysis cross-section as a function of photon energy o(E) can be calculated as [30-34]

(E) = E-|< W (r,R)|d|Wi(r, R) >[, (23)

where ¥ (r,R) is the vibronic wave function of the molecule in the final excited state, ¥;(r,R) is the
vibronic wave function of the molecule in the initial state, E is the energy difference between the
initial and final states and d is the dipole moment operator of the molecule, r represents all electronic
coordinates and R all nuclear coordinates. For photolysis reactions, the relevant final excited states are
usually unbound (i.e. the energy spectrum of the final states is continuous, as opposed to discrete in
the initial bound state). Cross-sections can then be calculated in the framework of the adiabatic and
Franck—-Condon approximations. For diatomic molecules, assuming that the vibrational wave function
of the initial state can be treated using the harmonic oscillator approximation, we obtain [33-35,39]

477 ;
o(Eit + &) = 53— (Eit + ) [@) < Xeont(R) Xin(R) > B (2.4)

< Xcont (R) ‘Xin (R) >=

(P2 fm . 2m/2mEg 2 B-R mw\ 1/4 mo 2

w
i

B
(2.5)

Here, K is the Macdonald function and & is the energy which is counted from the predissociation
limit. Expressions (2.4) and (2.5) are obtained by representing the potential energy curve of the
unbound excited state as an analytical function U(R) = A - exp(—BR), where A and B are constant
parameters [33-35,40]. m is the reduced mass of the molecule, » is the harmonic frequency of
molecular vibration in the ground electronic state, Ry is the equilibrium position (or equilibrium bond
length) of the molecule, Ej is the energy of dissociation to the electronic state f (i.e. the energy
difference between the reactant in state i and the infinitely separated photolysis products in state f)
and dif is the electric dipole moment of the vertical electronic transition between pure spin electronic
states. Expressions (2.4) and (2.5) can be extended to polyatomic species as discussed below.

As an illustrative example of how to apply expressions (2.4) and (2.5) to the polyatomic molecules
studied here, we consider first the photolysis of CH;00, i.e. the photochemical reaction CH;00 +
hv — CH30 + OCP). Note that the formation of triplet oxygen is spin-allowed, as a doublet and a
triplet can couple to a doublet. A preliminary extended quasi-degenerate second-order
multireference perturbation theory (XMC-QDPT2) ab initio calculation (see below for calculation
details) shows that the first excited state of CH30O, is bound, but the next four states are unbound,
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Figure 1. The potential energy curves corresponding to the first predissociation limit for CH;0, + hv => (H;0 + 0, computed
using XMC-QDPT2(11,7)/cc-pv5z. Note: only the 0—0 bond is kept fixed, and all other coordinates are relaxed in the ground
state. The excited-state energies are then calculated at the ground state geometry.

and correspond to the first predissociation limit and O-O bond breaking. The potential energy curves
of the ground and first five excited states (as a function of the O-O distance) are shown in figure 1.
The other excited states are located significantly higher (more than 8 eV) and correspond to the
formation of O('D). The only electronic transition with a large electronic dipole transition moment
is Dy — D5, with a transition dipole moment of 0.67 atomic units (a.u.). The other transitions have
transition dipole moments of less than 0.001 a.u. Thus, we only need to consider photodissociation
into the unbound state via the Dy — D, electronic transition. ® can be calculated using the second
derivative of the Dy potential energy curve shown in figure 1, while m can be estimated using the
expression m = (mcu,0 - Mo)/(Mcu,0 + mMo). (In practice, we are thus treating the polyatomic
molecule as ‘effectively diatomic’, with the two fragments connected by the bond broken in the
photolysis reaction.) Thus, all parameters required for the evaluation of expressions (2.4) and (2.5)
can be obtained using quantum chemical methods. The numerical values for the parameters A and
B are obtained by fitting to the computed potential energy curve of state D,, as Dy — D, has the
largest electronic transition dipole moment.

2.2. The photophysics and chemistry in the D, state

In order to check the hypothesis about RO, photolysis by IR radiation, we calculated all the deactivated
energy channels of the D; excited state. These are the radiative (k,) and radiationless IC (k;c) processes. k,
is calculated using the Strickler-Berg equation [41]

1
k= s -f - E*(Dy — Dy), (2.6)

where f is the oscillator strength and E(D; — Dy) is the de-excitation energy from D, to Dy. Note that in
the original formula [41], the integral over the absorption band is used, but here it is assumed that the
electronic transition energy can be directly used instead.

kic is calculated using the algorithm described in [40,42] with the formula

3N-6 /e~Vky/\ /2 |3N-6 IN=6 /e Vry/\ 1/2
DH( yk) + Zdj-nonj]_[( yk) +
=1 k=1
k%

2

_ nk! le!
4 Eif=n1 w1 +1@y+..113N 6 03N -6 k=1

kic =+

7 (2.7)

-1 ﬂk!
k#j
k#j

N6 [ Yyt 1/2
11,12,..,13N—6 + Z Z nonjht]./ Wjj' .
i ke
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where

¢;(r,5,R)5? qﬁf(rsR)

Z Z Z Z 8quRv q ‘R Ro M 1/2M 1/2qu]LV 7] (2‘8)

?
ZZ L < ¢, rsR)|8R2 |y (1,5,R) > |g_g,s (2.9)
~ Oy (r,s,R)
dj= - Z 27: MLy < ¢,.(r,s,R)faT > xRy (2.10)
1 2 Y, ni—1 172
R ) . . ) N R o N2 oYL
htj =< XzO,(Q])|Q]|an]»(Q]) > {ijnj! (nj+y;)°~-e¥ Y :| , (211)
=< 0 S | L 2 o] 212
non; = Xio,(Qj)|6—Q]_|an/-(Qj) = gj!wj(”j*yj) ey , (212)
1 ,
= 5w 1Q), — Q% (2.13)
O(HY, B
[, )
vooq v
¢;(r,5,R)0? ¢ (1,5,R) D¢ (r,5,R)

Here, <

> |g_g, and < ¢;(r,s,R) > |r_g, are the non-adiabatic coupling

OR Ry OR,,
matrix elements (NAC?MP?) of second order and first order, respeitively M, is the mass of the vth atom, and
Ly are coefﬁc1ents of the linear relation between the Cartesian (R) and the normal coordinates (Q):
Ryg — Rovg = M Z,WQ] The ht; and non; are Herzberg-Teller and non-adiabatic factors. y; is the
Huang-Rhys factor of the jth promotive mode. Ej is the energy gap between initial and final states, and
n; and o; are the excitation number and the frequency of the jth mode, respectively.

Finally, the rate constant of the decay of the D state is estimated as

kp, = kic + k- (2.15)

H-shift reactions for CH;00 and COHCH,OO were also studied in the Dy and D; states. In the former
case, we studied the 1,3 H-shift leading to the formation of HO and CH,O. In the latter case, we studied
the aldehydic 1,4 H-shift, which leads to the formation of a COCH,OOH alkyl radical, which may
subsequently either decompose to CO+CH,OOH (with the latter further decomposing to
CH,O +OH) or add an O, molecule to give OOCOCH,OOH. This H-shift has a barrier of roughly
25 kcal mol™! in the ground state, and is intended to be representative of the potentially even faster H-
shifts of larger ROO involved in autoxidation [11].
The rate constant of this reaction was estimated using elementary transition state theory [43]

_ kgT Qrs Ep
k= KT@eXp (7 ﬁ), (216)

where Qrs and Qg are the partition functions of transition and reactant structures, respectively. kg is
Boltzmann’s constant, & is Planck’s constant, x is the Eckart correction factor for tunnelling, T is
temperature and E, is threshold energy. The « is estimated using the scheme described in [44], where
the activation barriers of forward and back reactions, the reduced mass and imaginary frequencies are
required. We note that activation barrier for the back reaction was obtained to be approximately
70 keal mol ™" for CH500. This value was used for the estimation of x using (2.16).

2.3. Qalculation details

2.3.1. Photolysis calculations

We consider the following five peroxyl radicals: methyl peroxyl radical (CH;00), ethyl peroxyl radical
(CH5CH,00), 2-oxoethyl peroxyl radical (C(O)HCH,00), methyl acylperoxyl radical (HC(O)OO) and
ethyl acylperoxyl radical (CH;C(O)OO). They are shown in figure 2. These are important atmospheric
species in their own right, and also provide a representative sample of the functional groups typically
found in more complex peroxyl radicals: alkyl and carbonyl groups. As carbonyl groups are known to
act as chromophores, they could be speculated to have a significant effect on the photolysis cross-
sections. Similarly, acyl peroxyl radicals often exhibit very different chemical reactivity from the
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Figure 2. The peroxyl radicals: (a) CH;0,; (b) COHCH,0,; () CH3CH,0,; (d) COHO,; and (e) CH;C00,. Colour coding: O, red; C, black;
H, white.
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u
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Figure 3. The MOs of the active space used for CH30,.

corresponding ‘regular’ peroxyl radicals [6]—it is interesting to see if this difference extends also to
photochemistry.

The complete active space self-consistent field (CASSCF) included 11 electrons in seven molecular
orbitals (MOs), and the state averaging (SA) was performed for the six lowest electronic states, which
are well separated from higher states for all the considered radicals; CH3OO, COHCHZOO,
CH5CH,00, COHOO and CH;COOQO. These active spaces were quite stable with respect to variations
in the O-O nuclear distance for the peroxyl radicals. The active space for CH;00 is shown in
figure 3. HOMO and HOMO-1 correspond to O atom lone pairs, HOMO-2 is a o-bonding MO for the
O-C bond, HOMO-3 and HOMO-4 are O-O n-bonding MOs, and HOMO-5 and LUMO are
o-bonding and ¢*-antibonding MOs of the O-O bond. We also tested including the o*-antibonding
MO of the O-C bond in the active space (following the general rule-of-thumb that bonding-
antibonding pairs should both be included), but this led to instability of the active space as the O-O
distance was varied. The orbital in question was, therefore, omitted. The active space used for the
other radicals consists of the same MOs as in figure 3.

The cc-pvbz basis set was used for all calculations [45]. The potential energies curves of the electronic
states were plotted at the XMC-QDPT?2 [46] level with the relaxation surface option and a step size of 0.01
A step along O-O bond for all molecules. In other words, the O-O bond length in the peroxyl radicals
was scanned along the ground electronic state, relaxing all nuclear other coordinates, and vertical
transitions to the considered excited electronic states were then computed for each point on the scan.
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Table 1. The photolysis data of CH;0,, COHCH,0,, (H5(H,0,, COHO, and CH;C00, molecules, computed at the XMC-QDPT2(11,7)/ -
Cc-pv5z level.

~

Nuclear coordinates in the excited states were not relaxed. The effective Hamiltonian included 35 states in
the XMC-QDPT?2 calculation. All calculations were carried out using the FIREFLY software [47]. The data
of photolysis cross-section calculation are given in electronic supplementary material, S1 chapter. It
should be noted that using smaller basis sets such as 6-31++G(d,p) or even 6-311++G(d,p) led to
large discrepancies in the peak cross-photolysis sections compared to the experimental one. For
example, using the 6-311++G(d,p) basis set (with all other computational details as described above)
led to the absence of any notable cross-sections in the photolysis spectrum beyond 305 nm, which is
extremely important for the tropospheric photolysis lifetime estimation. The reason for this is the
insufficient accuracy of the potential energy surface at long nuclear distances. To correctly treat this
system, a basis set larger than cc-pvqz is required.

'3

'S

radical transition dipole moment, a.u. Koo g

. 3
00 066 0o—D2) 16x107°s 3
COHGROD 100—D) xS g
Q00 067 (®—D)  13X007sT g
WD e0=D)  uxats S
(H,C000 0.64 (Do — D,) 15%107°s™" 2
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2.3.2. Photophysics calculation

The NACME between D, and D; was calculated at the time-dependent density functional theory
(TDDFT) level of theory using the response formalism [48]. TDDFT is applicable to this process, as
DFT functionals account for dynamic correlation, and our XMC-QDPT2 results indicate that the
optimized D; state is not a multireference system (i.e. static correlation is not important). We chose the
B3LYP functional, as previous studies indicate that it gives correct NACME values for excitation
energies of single molecules, provided that the excitations do not involve charge transfer [40,42].

The hessian in the D; state and gradient in the Dy state were calculated using the same method. The
oscillator strength (f) was calculated at the same level of theory. The basis set was the same as previously.
These calculations were performed in Turbomole software [49].

2.3.3. H-shift rate calculations

The transition states and products of the H-shift reactions were calculated at the XMC-QDPT?2 level using
the 6-311++G(d,p) basis set, in both Dy and D, states. The H-shift calculation was also carried out using
the cc-vptz basis set for CH;00 in both Dy and Dj states in order to validate the choice of basis set. These
calculations were performed in Firefly.

3. Results and discussion

3.1. Photolysis of peroxyl radicals in ultraviolet region

As in our previous calculations [33-35], the variations observed between the photolysis cross-sections of
the five studied peroxyl radicals mainly arise from differences in the transition dipole moments. The
cross-sections are thus roughly proportional to the squares of the transition dipole moments.

Table 1 shows the transition dipole moments and | values of the five studied peroxyl radicals. The
wavelength-dependent photolysis cross-section for CH;00 is also shown in figure 4 (data for other
peroxyl radicals are similar, and are given in electronic supplementary material, section S1). The
transition dipole moments of the different peroxyl radicals vary by less than a factor of 2, and the
photolysis rates by less than a factor of 3. This demonstrates that the photolysis process for peroxyl
radicals is essentially local: adjacent functional groups have relatively little effect on the photolysis
rate. It is very likely that also larger peroxyl radicals have transition dipole moments and photolysis
rates (at least for the ROO => RO+ OCP) channel) of the same order of magnitude as those studied
here. It should be noted that while the maximum of the photolysis cross-section is found around
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Figure 4. The cross-section of CH30, photolysis corresponding to the first dissociation limit at XMC-QDPT2(11,7)/cc-pv5z.

Table 2. IC rates (ki¢) and reaction rates (OH loss, ko, HO,, Kioy, Or 1,4 H-shift, kygie) of CH30,, COHCH,0,, CH5CH,0,, COHO,
and CH;C00, molecules in the D, excited state, computed at the XMC-QDPT2(11,7)/6-311++G(d,p) level.

radical kic Kreaction
(H00 11x 10" s~ koy=10x10""2s""
”'c'(l)ll-i'ci-i;()'(")” o e m”kl;l.—‘s.l;if.t.;5-6*.16:7”5;1” e
'CH3CH;00‘ S OT S ng_‘;hi‘fv,1=14‘.2'><' g
B kHoz=11 T T
(H,(000 C30x10%s ki =50% 10757 ;

248 nm (with values around 1.2x107'® cm?), part of the spectrum extends from 300 nm until
about 349 nm. Our results agree reasonably with the experimental measurements of photolysis at least
for CoHsO,, for which many studies have found a peak located around 240 nm, with values of 3-5 x
10""®cm? [15,17-28]. Thus, our model works well for the photolysis cross-section estimation for
polyatomic molecules. Also, we note that when using the 6-311++G(d,p) basis set, the peaks were
located at shorter wavelengths (around 204 nm), and as a consequence, the cross-section photolysis
was (incorrectly) predicted to be essentially zero for wavelengths longer than 305 nm (see electronic
supplementary material, figure S1).

In the troposphere, the photolysis lifetime (1/]) for the studied peroxyl radicals varies between 9.3
and 25 h. This is many orders of magnitude longer than the lifetime of peroxyl radicals with respect
to their main sink reactions with HO,, NO and other RO,, which typically is of the order of 1-100 s [11].

3.2. Photolysis of peroxyl radicals in infrared region

The results of the H-shift and IC calculations are summarized in table 2 and electronic supplementary
material table S2.1. The calculated k, values are around 10°-10°s™'. Radiative decay is thus fully
negligible, and the IC process dominates the D; decay. The lifetime of the D; state with respect to IC
is around 107"%s for all studied ROO. This is comparable with typical timescales for vibrational
relaxation, or with the frequency of molecular vibrations (107'*s). For the excited (D;) states of
CH3OO and COHOO, we could not find a transition state (TS) for 1,3 H-shifts, but found instead a
TS for the subsequent OH and HO, formation, respectively. We, therefore, used these TS to estimate
an upper limit for the rate of the overall CH;00 => CH,O+OH (and COHOO => CO +HOO)
process in the excited state. Should the actual H-shifts have even higher barriers, the real rates would
correspondingly be lower. For the three other RO,, we found transition states for the 1,4 H-shifts. All
activation barriers and rate constants (kop, ko2 and kpyghist) are given in the electronic supplementary
material, as are Cartesian coordinates and illustrations of the reactants and transition states. The
computed rate constants (kopy and kyyghiee) are generally higher in the D; state than in the Dy state, as
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expected. The exception to this rule is COHCH,0O,, where the rate (as usual for aldehydic H-shifts) is fast
in the D, state with kipcme=4.8 s7%, but only 5.0 x 1077 s7! in the D, state. Thus, our initial hypothesis,
based on the proposal of Frost [12], that fast H-shifts could be even faster in the excited state, seems
to be incorrect. Our results indicate that the excitation does not necessarily lower reaction barriers, but
may even raise them, as shown for COHCH,OO. Unexpectedly, the fastest reaction rate found in the
D, state is kpann=4.2x10"%s"! for CH;CH,OO. However, even these enhanced H-shift rates are
negligible compared to the IC rate with kjc ~10'°s™". Thus, the lifetime of the D; state is too short to
allow for H-shifts and subsequent dissociation (or alkyl radical formation, O, addition and
autoxidation). Also, we note that using cc-vptz basis set, which is somewhat larger than 6-311++G(d,
p), gives almost the same result for both kyygnie and kop for CH;00 (see electronic supplementary
material, table S2.2).

4. Conclusion

We have extended our recently published approach for computing photolysis rates of diatomic molecules
to five different atmospherically relevant peroxyl radicals. Due to the higher energy required for
the ROO+hv=>RO + OCP) reactions, the photolysis rates of all studied peroxyl radicals in the
troposphere are very low; less than 107> s™'. Photolysis can thus be safely and completely ignored as
a loss term for peroxyl radicals in the troposphere. We also investigated whether IR excitation to
the lowest excited D; state can promote H-shift reactions and thus affect ROO reactivity in the
atmosphere. While excitation indeed lowers the barrier for some H-shift reactions, the lifetime of the
D, state with respect to IC was found to be only 107%s for all studied ROO. Even the enhanced
H-shifts are thus unable to compete with decay back to the ground state, and IR excitation is thus
unlikely to affect atmospheric ROO reactivity.

Data accessibility. The details of our calculations were included in the electronic supplementary material. Therefore, any
user can reproduce our results using this file and the text of our manuscript.
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