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Abstract: Accurate calculation of rate constants for gas-phase OH-oxidation reactions of fluorinated
compounds is crucial for the understanding of atmospheric processes that are subject of the Kigali
Agreement. Here, we have determined two such rate constants for two hydrofluoroketones, HFK-
447mcc and HFK-465mc. The calculations were performed with a cost-effective multiconformer
transition state theory protocol coupled with the constrained transition state randomization sampling
method. The calculated rate constants of k(HO + HFK-447mcc) = 3.1× 10−15 cm3 molecule−1 s−1

and k(HO + HFK-465mc) = 3.2× 10−14 cm3 molecule−1 s−1 at 298.15 K imply an atmospheric
lifetime of 10 years and 1 year, respectively. To our knowledge, these rate constants have never been
determined experimentally or theoretically, and the similarity between the ratios of these two rate
constants and of the well-studied acetone and diethyl ketone suggest the validity of our approach
toward obtaining accurate rate constants and branching ratios.

Keywords: hydrofluoroketones; atmospheric chemistry; oxidation reactions; multiconformer transition
state theory

1. Introduction

After it became clear that CFC compounds were directly connected to ozone de-
pletion and global warming [1–5], theoretical and experimental efforts in the search for
environmental-friendly CFC replacements have been vastly increased. This field of research
gained extra relevance after October 2016, when almost 200 nations adopted the Kigali
Amendment to the Montreal Protocol [6]. The ratification of this protocol urges countries
to phase down production and the use of hydrofluorocarbons (HFCs), thus reinforcing
the urgency of finding environmentally friendly alternatives, as these second-generation
replacements have [7] elevated values of global warming potential (GWP). One of the most
important parameters defining the GWP of a compound is the value of its atmospheric
lifetime [8]. One potential solution for third-generation replacements in industrial and
commercial applications [9] is provided by fluorine-containing oxygenated volatile organic
compounds (OVOCs), since their atmospheric lifetimes are frequently decreased due to
the presence of oxygen-containing functional groups. These functional groups promote
long-range activating effects with respect to hydrogen-atom abstraction at sites remote
from the substituent group, increasing the atmospheric reactivity when compared with
the corresponding non-oxygenated fluorinated compounds [10–12]. Compounds such as
fluorinated alcohols, aldehydes, ethers and ketones have a variety of industrial uses [9]
and can gradually substitute HFCs, such as required by the Kigali Amendment to the
Montreal Protocol.

Specifically, the atmospheric chemistry of ketones is important because they can be
emitted to the atmosphere from anthropogenic (e.g., chemical industries) and biogenic (e.g.,
plants) sources, while they can also be generated in situ by the oxidation of other VOCs
in the atmosphere [11,12]. The main atmospheric degradation processes of ketones are
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photolysis (ketones absorb radiation in the ultraviolet region around 280 nm due to the
n→ π∗ transition of the carbonyl group) and reaction with OH radicals, with the former
being more relevant at higher altitudes [10,12]. Tropospheric oxidation reactions with OH
radicals typically proceed via hydrogen atom abstraction [10,12–14], with the reactivity of
alkyl C H bonds at the β-position being enhanced with respect to the C H bonds at the
α-position due to the deactivation/activation of the hydrogen atom by the carbonyl group
at the α/β positions, respectively [15,16]. In other words, the rate coefficients for the Cn
alkanones generally exceed those of the equivalent Cn−1 alkanes [11]. Large alkyl groups
will lead to hydrogen abstraction from the various sites with the respective alkoxy radicals
reacting with O2 and NO and generating a large variety of products [10,12].

Because of the recognized environment-friendly effect of the carbonyl group on the
atmospheric lifetimes of ketones, hydrofluoroketones (HFKs) are considered to be potential
third-generation replacements for CFCs and have been used as industrial synthesis reagents
and fire extinguishing agents [9]. Naturally, for a particular HFK to be seriously considered
as a potential replacement, it is necessary to determine if it has the required physico-
chemical properties and technical specifications. An example of such analysis has been
performed on four HFKs [17]: HFK-447mcc, HFK-465mc, HFK-354pc and HFK-549mccc.
The mentioned study concluded that HFK-354pc is thermally unstable, therefore rendering
this particular HFK non-viable as a third-generation replacement option. Moreover, and
to our knowledge, there are no experimental or theoretical investigations concerning the
atmospheric lifetime of any of the remaining three HFKs. Such studies would provide an
indication of the atmospheric impact of these three HFKs, and, assuming that they could
all be efficiently used for the same purpose, it could also provide crucial information to
potential stakeholders on which is the greener option (greener in the sense of Green Chem-
istry principle number 10 [18,19], design for degradation). Consequently, it is therefore
important to gather relevant information about the atmospheric lifetime of these HFKs.

Considering their two main degradation pathways, the global lifetime of ketones can
be approximated as [8,20]

1

τ
global
HFK

=
1

τ
photo.
HFK

+
1

τOH
HFK

, (1)

where τ
photo.
HFK represents the HFK atmospheric lifetime resulting from the photolytic process

with rate constant J and τOH
HFK is the atmospheric lifetime associated with a pseudo-first-

order loss process with a corresponding kOH[OH] rate constant. However, in this study, we
will discard the calculation of τ

photo.
HFK as we will be focusing only on the reaction between

HFKs and the OH radical, for which the respective atmospheric lifetimes can be obtained by

τOH
HFK =

1
kOH[OH]

. (2)

Although photolysis is generally considered to be more relevant at higher altitudes [10,12]
(larger overlap between the n → π∗ absorption band and the available actinic flux [21]),
the complete approach would require the calculation of the photolysis rate constant J
in order to determine τ

photo.
HFK and solve Equation (1), which is outside the scope of this

investigation. Alternatively, we will provide a brief overview of what we can expect
from the photolysis process. For example, the τOH atmospheric lifetimes for 2-butanone,
2-pentanone and 2-hexanone range between 1.5 and 11 days [22], while the respective
τphoto. lifetimes associated with Jmax values (overhead Sun, corresponding to a solar zenith
angle of 0 degrees, see Figure VIII-D-8 of Ref. [22]) range from 2.5 to 5.5 days. Under
the mentioned conditions, the photolysis and OH-oxidation processes clearly compete.
Interestingly, the fluorination of ketones leads to a bathochromic shift in the UV absorption
bands of the carbonyl groups [23,24], enabling their overlap with actinic radiation at lower
altitudes. Recent photolysis studies of several fluorinated ketones [23,24] under outdoor
atmospheric conditions point to τphoto. lifetimes in the range of a few days to two weeks.
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In this study, our calculations will focus solely on HFK-447mcc (CF3CF2CF2C(O)CH3)
and HFK-465mc (CF3CF2C(O)CH2CH3), excluding HFK-549mccc (CF3CF2CF2CF2C(O)CH3).
The reason for this is that the size of the CxF2x+1 group usually has little to no effect on the
reactivity of halogenated OVOCs toward OH radicals [11], and therefore, HFK-447mcc and
HFK-549mccc should have very similar rate constants. The main goal of this study will
then be to calculate the kOH rate constants for the oxidation reactions between two HFKs
(HFK-447mcc and HFK-465mc) and OH radicals

HFK + HO
kOH−−→ HFK + H2O. (3)

This will be completed by using multiconformer transition state theory (MC-TST) [25–32]
coupled with a newly developed transition state sampling method denominated con-
strained transition state randomization (CTSR) [33]. Our theoretical approach will be
summarized in the next section, which is followed by a discussion of the results. The
conclusions are gathered in the final section.

2. Methodology
2.1. Theoretical Background

The reaction between HFKs and HO is mechanistically similar to other radical-
molecule reactions of atmospheric interest [34], including reactions between OVOCs and
HO [10,13,14]. Such reaction paths feature loose complexes in both the reactant and prod-
uct channels connected by a hydrogen-abstraction transition state (TS) with the underlying
mechanism consisting of three steps: (1) formation of the prereaction complex (PRC) from
the isolated OVOC + OH radical reactants, (2) formation of the product complex (PC) from
the PRC, and (3) formation of the final products (OVOC radical and water) from the PC.
For the specific case of an HFK, one obtains

step 1 : HFK + HO
k1−−⇀↽−−
k−1

[HFK · · ·HO] (4)

step 2 : [HFK · · ·HO]
k2−→ [HFK · · ·HOH] (5)

step 3 : [HFK · · ·HOH]
k3−→ HFK + H2O. (6)

If one assumes that the PRC concentration remains constant over time (steady-state
assumption [35], with k−1 + k2 � k1), the effective rate constant for reaction (3) can be
calculated as [36–39]

kOH =
k1k2

k−1 + k2
(7)

In the context of tropospheric reactions, it is usually found that the k−1 reverse rate constants
for step 1 are much larger than the k2 rate constant values for the irreversible unimolecular
step 2 (the conditions for which k−1 � k2 are discussed in detail elsewhere [30,36–41]),
which simplifies the overall rate constant to kOH = k1k2/k−1. Under such conditions,
the system is assumed to be fully equilibrated and thermalized at the high-pressure limit
(equilibrium-state assumption [40]), and therefore, the reactants, the PRC and the TS of step
2 can be characterized by Boltzmann equilibrium distributions. These conditions should
be checked before performing the calculations, particularly if the hydrogen-abstraction
TSs are submerged below the reactants. This can be achieved by calculating the Gibbs free
energies along the reaction path and verifying their relative values. In many cases, the
Gibbs free energy profile along the reaction coordinate will resemble the profile represented
in Figure 5b of Ref. [40], providing a strong indication that k−1 will be considerably
larger than k1 and k2 and that both the steady-state and equilibrium assumptions will
be satisfied for the reaction under study [40]. In that case, k1/k−1 is identified as the Keq
thermal equilibrium constant for the fast pre-equilibrium between the isolated reactants
and the PRC, which can be determined by employing the usual statistical thermodynamic
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tools [36–39]. Similarly, k2 can also be calculated by resorting to thermal TST, simplifying
our TST-based rate coefficient to kOH = Keqk2. This approach, which we will utilize in this
investigation, is frequently used to describe reactions between OVOCs and HO , and it has
the advantage of avoiding the need to deal with the PRCs, since their partition functions
and energies cancel out in the Keqk2 product.

Alternatively, our recent version of the MC-TST/CTSR protocol [33,41] considers the
approach followed by Petit and Harvey [27], where both the numerator and denominator
of Equation (7) are multiplied by Keq, yielding

kOH =
k1k2Keq

k1 + k2Keq
=

k1kMC-TST
OH

k1 + kMC-TST
OH

≡ kOH(calc). (8)

Here, k1 is the forward rate coefficient for the formation of the PRC and kMC-TST
OH can

be identified as our working equation for the calculation of the MC-TST rate constants.
Naturally, the k1 rate constant is unique for each specific reaction under analysis. However,
since these k1 rate coefficients are almost independent of the collider, we used [27] a value
of k1 for collision with acetone of (k1 = (2.67± 0.15)× 10−11 cm3 molecule−1 s−1) obtained
via experimental rate constants [42–45] for the quenching of vibrationally excited HO .

2.2. Computational Methods

We will now proceed to the calculation of kMC-TST
OH . Our cost-effective protocol [30,33,41]

considers N conformers for each HFK reactant and M possible hydrogen abstraction TSs,
with the rate coefficient being written as

kMC-TST
OH = κ(T)

kBT
c◦hQOH

∑M
i

αiωTSi
QTSi

σrot,TSi

∑N
j

αjωHFKj
QHFKj

σrot,HFKj

e−V‡/kBT . (9)

Here, c◦ = p◦/kBT is the standard concentration at a temperature of 298.15 K and
a pressure of 1 atmosphere, while kB and h are the Boltzmann and Planck’s constants,
respectively. The Q values are the total partition functions for HO , the ith HFK reactant and
jth TS, which are evaluated as the product of the translational, electronic, vibrational and
rotational partition functions (Q = qtqeqvqr) under the rigid rotor and harmonic oscillator
approximation. For each HFK or a TS conformer, every total partition function is weighted
by its respective ωHFKj or ωTSi thermal weight factor, which depends on the relative EHFKj
and ETSi zero-point corrected energies of conformations HFKj and TSi, respectively. In
addition, σrot,HFKj , σrot,TSi , αj and αi are the rotational symmetry numbers and reaction path
degeneracy parameters of conformations HFKj and TSi, respectively. The calculation of the
rotational symmetry numbers is performed by first determining the respective point group
symmetry with a brute force symmetry analyzer [46] and then associating the obtained
group symmetry with the correct factor by examining Table 2 of Ref. [26]. The V‡ parameter
is calculated [26,28–30] with the formula V‡ = ETS0 − (EHFK0 + EOH) where the subscript
0 indicates a lowest energy conformer. The κ(T) tunneling correction is calculated [28–30]
via the Eckart formula [47] using both the imaginary frequency characterizing TS0 and the
zero-point corrected energies of the PRC and PC minima that are connected to TS0 through
the respective intrinsic reaction coordinate path.

The above parameters are obtained through our cost-effective MC-TST/CTSR proto-
col [30,33,41], which we will briefly recapitulate. The protocol is initiated with the calcula-
tion of the reactant conformers with the use of CONFAB [48], which is a knowledge-based
conformer generation tool that utilizes force fields (for our protocol, we are employing the
MMFF94 [49] force field) and a database of allowed torsion angles. These conformations are
then minimized with the same force field as in the CONFAB calculation by employing the
Obminimize program. Both programs are available in the Open Babel [50] chemical toolbox.
The minimized structures are then used as starting geometries for optimization at the
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M08-HX/pcseg-2 [51,52] level of theory. A similarity evaluation (SE) between all generated
conformers is then performed with a superimposing algorithm [53]. The purpose of the
SE is to identify identical structures and enantiomers in our pool of optimized reactants,
which we can then safely eliminate, with the remaining structures constituting the final set
of N distinguishable reactants.

The next step concerns the TS sampling, which was performed with the new CTSR
method [33]. The CTSR code first generates random OH-molecule structures which are
then subjected to constraints targeting an optimization of TSs at the PM3 level of theory.
The three constraints for the HFK + HO TSs were the following: (1) the distance between
the HO oxygen atom and the hydrogen atom under attack must be in the interval [1.2,
1.4] Å; (2) the distance between the HO oxygen atom and all reactants’ non-hydrogen
atoms must be greater than 1.70 Å and (3) the distance between the HO hydrogen atom
and all reactants’ hydrogen atoms must be greater than 0.70 Å. Guess structures were then
generated by the CTSR code and subsequently used as input geometry in PM3 saddle-point
optimizations. The converged PM3 calculations were then analyzed, with the coordinates
corresponding to the TSs yielding an imaginary frequency within a specific interval being
subjected to an SE step. The surviving geometries were used as guess structures for saddle-
point optimizations at the M08-HX/pcseg-2 level, with the geometries of the successful
optimizations being again analyzed in terms of their imaginary frequencies. The geometries
filtered by the previous step were then put through another SE, so that the final set of
unique TSs was obtained. It should be stated that the M08-HX functional was chosen due
to its quality in describing hydrogen abstraction barrier heights, yielding, respectively,
mean unsigned errors of 1.00 and 0.73 kcal mol−1 for the DBH76 and HTBH38 data sets
involving this particular type of barrier heights [51]. In this study, M08-HX was the
best performing functional, surpassing M06-2X, which is routinely used in atmospheric
chemistry studies of the same type. Moreover, we recently [54] made a rough estimate
of 0.6 kcal mol−1 for the uncertainty associated with V‡, which led to rate constants and
error bars with the approximate values of k± 0.98k. It should also be noted that although
our protocol relies on many approximations and on error cancellation [30,41], the quality
of its calculated rate constants is quite encouraging [33,41] when taking into account the
complexity of the studied systems. The electronic structure calculations necessary to the
determination of the parameters entering Equation (9) were performed with the GAMESS
package [55]. Finally, the value of V‡ was refined with single-point energy calculations at
the M08-HX/apcseg-2 level.

3. Results and Discussion

We start by showing Figure 1, where we present the simulated IR spectra of both
reactants, HFK-447mcc and HFK465mc, based on the M08-HX/pcseg-2 harmonic calcula-
tions and including the contribution of all conformers through the respective Boltzmann
weighting at 298.15 K, which was calculated from the Gibbs energies. Each spectrum was
obtained by convolution of the calculated vibrational frequencies (ν) with a Lorentzian
profile given by

I(ν) =
3N−6

∑
j

[
I(νj)

1 + 4[(ν− νj)/W]2

]
, (10)

where N is the number of atoms in each molecule, νj is the calculated vibrational frequency
with a corresponding I(νj) intensity and W is the full width at half-maximum, which we
empirically selected as 50 cm−1.
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Figure 1. Boltzmann weighted (298.15 K) harmonic M08-HX/pcseg-2 calculated IR spectra of HFK-
447mcc and HFK-465mc, including all obtained conformers for both species.

For saturated aliphatic ketones, the C O and C H stretch bands are usually located
at 1715 and [2800,3000] cm−1, respectively. For the studied ketones, our calculations
predict these bands to be found at slightly higher wavenumbers, as represented in Figure 1.
However, it should be noted that although the M08-HX/pcseg-2 model chemistry is a good
choice for MC-TST rate constants [30,33,41,56], it might not be the best theoretical method
to employ if one is pursuing an accurate prediction of the vibrational frequencies [57].

3.1. OH Oxidation of HFK-447mcc

Starting the analysis of our results with the CF3CF2CF2C(O)CH3 HFK, our CONFAB-
based [48] conformer search [30,41] relying on the MMFF94 [49] force field and followed by
M08-HX/pcseg-2 optimizations found 20 unique conformers of C1 symmetry (each one
belonging to an enantiomeric pair by definition), with the 15 lowest energy ones having a
relative energy in the interval [0.00,0.45] kcal mol−1 and representing approximately 90%
of the total fractional population of reactants. Application of the CTSR sampling procedure
yielded 90 distinguishable hydrogen abstraction TSs of C1 symmetry, with the V‡ barrier
having a value of 4.2 kcal mol−1. At this point, it becomes advisable to test the validity
of our theoretical kinetic approach by investigating if the steady-state and equilibrium
assumptions [40] are applicable to the reaction under scrutiny. For this, we have gathered
the Gibbs free energies for the reactants, TS0, and the associated PRC and PC minima at
the M08-HX/pcseg-2 level of theory. The ∆G results for the reactants, PRC, TS0 and PC,
are, respectively, 0.0, 4.7, 12.6 and −19.1 kcal mol−1. These values indicate that the Gibbs
free energy profile along the reaction coordinate is similar to the one shown in Figure
5b of Ref. [40], indicating that k−1 will most likely be considerably larger than k1 and k2,
guaranteeing that both the steady-state and equilibrium assumptions are satisfied for the
reaction between HFK-447mcc and HO at 298.15 K.

The Eckart tunneling correction yielded a value of 6.3, with the final kOH(calc)
rate constant for the reaction between HFK-447mcc and HO being kHFK-447mcc

OH (calc) =
3.1× 10−15 cm3 molecule−1 s−1. Such a rate constant implies a τOH

HFK atmospheric lifetime
of approximately 10 years, considering a value of 1× 106 molecules cm−3 for the global
average concentration of OH radicals [58]. Additionally, we have extended our calcula-
tions to a temperature interval relevant for tropospheric chemistry [21,59,60], namely
230 ≤ T/K ≤ 320, and fitted the corresponding data to an Arrhenius–Kooij equa-
tion [59,61,62] to give k(T) = 2.61× 10−18 exp(2126/T)(T/300)10.42 cm3 molecule−1 s−1.
Cartesian coordinates for reactants and TSs can be found in the Supplementary Informa-
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tion, while Figure 2 shows ball and stick drawings of the lowest energy HFK-447mcc and
corresponding TS (HFK0 and TS0, respectively).

Figure 2. Ball and stick drawings for the lowest energy HFK-447mcc reactant and respective TS0 for
reaction (3).

3.2. OH Oxidation of HFK-465mc

Proceeding to the CF3CF2C(O)CH2CH3 HFK, our calculations found 16 unique con-
formers of C1 symmetry, with the seven lowest energy ones having a relative energy in
the interval [0.00,0.75] kcal mol−1 and representing slightly more than 90% of the total
fractional population of reactants. Application of the CTSR sampling procedure yielded
52 distinguishable hydrogen abstraction TSs of C1 symmetry, with the V‡ barrier being cal-
culated as 2.1 kcal mol−1. For this reaction, the relative Gibbs free energies for the reactants,
PRC, TS0 and PC minima at the M08-HX/pcseg-2 level of theory are, respectively: 0.0,
4.2, 10.8 and −26.1 kcal mol−1. As in the case above, this strongly suggests that both the
steady-state and equilibrium assumptions are satisfied for the reaction between HFK-465mc
and HO at 298.15 K.

The Eckart tunneling correction yielded a value of 2.7, with the final kOH(calc)
rate constant for the reaction between HFK-465mc and HO being kHFK-465mc

OH (calc) =
3.2 × 10−14 cm3 molecule−1 s−1. Such a rate constant implies a τOH

HFK atmospheric life-
time of approximately 1 year. Moreover, the fit of the theoretical data points in the
230 ≤ T/K ≤ 320 interval to the Arrhenius–Kooij equation leads to k(T) = 3.14 ×
10−16 exp(1389/T)(T/300)6.83 cm3 molecule−1 s−1. Cartesian coordinates for reactants
and TSs can be found in the Supplementary Information, while Figure 3 shows ball
and stick drawings of the lowest energy HFK-465mc and corresponding TS (HFK0 and
TS0, respectively).

Figure 3. Ball and stick drawings for the lowest energy HFK-465mc reactant and respective TS0 for
reaction (3).



Atmosphere 2022, 13, 1256 8 of 11

In Figure 4, we present the kOH(calc) points calculated in the 230 ≤ T/K ≤ 320
temperature interval together with the Arrhenius–Kooij fits to those points for both
reactions. Although both curves exhibit some curvature, it is clearly noticeable that
the curvature of the HFK-447mcc + OH reaction is more pronounced mainly because
of the differences in the tunneling correction factors, which increase with decreasing
temperature: κHFK-447mcc(320 K) = 2.05κHFK-465mc(320 K) and κHFK-447mcc(230 K) =
5.24κHFK-465mc(230 K).
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Figure 4. Arrhenius–Kooij fits (solid lines) and kOH(calc) data points (solid circles) for both reactions
in the 230 ≤ T/K ≤ 320 temperature interval.

The reaction between HFK-465mc and HO can proceed through two different ab-
straction sites, as the OH radical can abstract a hydrogen atom in two distinct locations of
the CF3CF2C(O)CH2CH3 HFK: at the CH2 group (α-position) and at the CH3 group (β-
position). The calculated branching ratios for the two abstraction sites are: ΓCH2

= 64% and
ΓCH3

= 36%. Interestingly, these values coincide with the branching ratios calculated for
the corresponding unsubstituted diethyl ketone (DEK, CH3CH2C(O)CH2CH3) with the use
of structure–activity relationships (SARs). Using the k(CHx) additivity method [10,11,16,63]
with the recommended values of k(CHx) for the reaction of OH with ketones (see Table 4 of
Ref. [10] or Table V-B-20 of Ref. [11]), we can determine kDEK

OH as

kDEK
OH = 2kβ(−CH3−) + 2kα(−CH2−), (11)

which yields a value of kDEK
OH = 2.14× 10−12 cm3 molecule−1 s−1 and corresponding branch-

ing ratios of ΓCH2
= 65 % and ΓCH3

= 35 %. Note that the recommended value [11] for this
rate coefficient is 2× 10−12 cm3 molecule−1 s−1 with an uncertainty of ±30%.

Moreover, it is also observed that the ratio between the calculated OH-oxidation rate
constants of HFK-465mc and HFK-447mcc is approximately 10, which reflects the different
reactivity of the CH3 and C2H5 alkyl groups. An almost equivalent ratio is obtained if
the same type of comparison is performed with unsubstituted ketones: the ratio between
the recommended values [11] for the OH-oxidation rate constants of DEK and acetone
(CH3C(O)CH3, with a rate constant of 1.8× 10−13 cm3 molecule−1 s−1) is approximately
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11. In the absence of experimental rate coefficients concerning the HFK-447mcc and HFK-
465mc molecules, such an agreement may be interpreted as an indication that despite
all approximations, the MC-TST/CTSR protocol [30,33,41] correctly captures essential
reactivity trends.

4. Conclusions

In this study, we have calculated the rate constants for the reactions between two HFKs
(HFK-447mcc and HFK-465mc) and the OH radical, which is the most important oxidant in
the atmosphere. The results, which were obtained via theoretical calculations employing
our MC-TST/CTSR protocol, show that the rate constant for the reaction involving HFK-
465mc is ten times larger than the rate constant involving HFK-447mcc, which results in an
atmospheric lifetime of approximately 1 and 10 years for HFK-465mc and HFK-447mcc,
respectively. These results indicate that photolysis will probably be the main atmospheric
sink for HFK-447mcc and HFK-465mc. Although there are no experimental studies to
compare our results to, the observed reactivity pattern and branching ratios resemble
the ones observed in well-tested systems with the same reactive alkyl groups, such as
acetone and diethyl ketone. Despite the fact that these are good indications and that
our MC-TST protocol consistently yields accurate rate constants for reactions between
fluorinated compounds and the OH radical, a full assessment of these two rate constants
can only be made in the future if and when the corresponding experimental rate coefficients
are determined.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/atmos13081256/s1, Cartesian coordinates for all unique conformers
used in the calculation of both MC-TST rate constants present in the manuscript.
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