Electronic Supplementary Material (ESI) for Environmental Science: Atmospheres.
This journal is © The Royal Society of Chemistry 2023

Supplementary material

Maria Paula Pérez-Pena,*® Jenny A. Fisher,** Christopher Hansen,® and Scott H. Kable®

September 27, 2023



CF3;CHO absorption cross section

Figure 1 shows the CF3CHO absorption cross sections from 200-400 nm at 298 K reported by Sellevag
et al. Sellevag et al., 2004.
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Figure 1: Absorption cross-section for CF3CHO at 298 K as a function of wavelength, as reported by
Sellevag et al. (2004).



Henry’s Law parameters

Table 1 shows Henry’s Law parameters for a series of simple oxygenated organic compounds. Acids and
other species that are ionised in solution are excluded. Also recorded are the same compounds with a
degree of fluorine substitution, especially substitution of a methyl group (CHjs) with a trifluoromethyl
group (CF3). In every case, replacing a CHs group with CF3 reduces HP by about one to two orders
of magnitude, i.e. increasing fluorination decreases solubility. In this work, we bracket H°P(CF3CHO)
by the values for CH3CHO and CF3CFO.

Table 1: Table of Henry’s law solubility constant (H°P), and the temperature dependence of H°P
(fllgl/LIT;) for some oxgenated organic species and their fluorine substituted counterparts. Values ob-
tained from Sander (2015) unless specified otherwise.

Compound Name Hep Hep dfil('i};[;;)
[mol m~3 Pa~!]  [M atm™!] K]
HCHO methanal (formaldehyde) 32.0 3240 7100
FCHO formyl fluoride 0.030 3.0 -b
FCFO carbonyl fluoride 0.01 -10.35 1—36 b
CH3;CHO ethanal (acetaldehyde) 0.13 13.2 5900
CF3;CHO trifluoroethanal -b b b
CF;CFO trifluoroacetyl fluoride 0.0095 — 0.03 0.96 — 3¢ b
CH3COCH; propanone (acetone) 27 2736 5500
CF3COCH;3 1,1,1-trifluoro-2-propanone 14 142 8900
CH3;CH,OH ethanol 1.9 193 6400
CF3CH,OH 2,2,2-trifluoroethanol 0.47 47.6 6200
CH3CHOHCH; 2-propanol (isopropanol) 1.30 132 7500
CF3CHOHCH3 1,1,1-trifluoro-2-propanol 0.45 45.6 6300
CF3CHOHCF3 1,1,1,3,3,3-hexafluoro-2-propanol 0.24 24 6700
CH3CH,;OCH2CH;  diethyl ether 0.011 1.1 3900 — 6600
CH3CH;OCH,CF5  ethyl 2,2,2-trifluoroethyl ether 0.00072 0.073 b
CH3CH;0(C=0)H  ethyl methanoate (ethyl formate) 0.034 3.5 4600
CF3CH,O(C=0)H  2,2,2-trifluoroethyl methanoate 0.0054 0.55 4700

@ Obtained from Burkholder et al. (2015)

b Not measured

¢ Obtained from Kim et al. (2023)



Acetaldehyde deposition

Figure 2 shows the resulting temporally averaged dry deposition velocities obtained for acetaldehyde.
The highest global dry deposition velocity value modelled for acetaldehyde was 0.7 cm s~! for both
modelling periods. As expected, there was a marked seasonality in the estimates, mostly driven by the
presence of snow in the Northern Hemisphere winter. For January, the acetaldehyde dry deposition
velocities in the Northern Hemisphere did not exceed 0.23 cm s~!, and the maximum dry deposition
value was found to occur in equatorial regions. On the other hand, for June, the maximum dry
deposition velocities of 0.7 cm s~! were observed at higher Northern Hemisphere latitudes as well as
in equatorial regions.

The acetaldehyde dry deposition velocities from GEOS-Chem are lower at tropical and equatorial
regions than the observed and modelled values reported by Miiller et al. (2019). Miiller et al. (2019)
report dry deposition velocities for two dominant plant functional types, tropical rainforest and pine
plantation, ranging between 1.0 cm s~! and 2.3 cm s™!. On the other hand, our predictions are
comparable to the modelled acetaldehyde dry deposition values over North America reported by Zhang
et al. (2023). Averaged across two modelled years, the mean acetaldehyde dry deposition value for
North America determined by Zhang et al. (2023) was 0.065 cm s~!, while the maximum reported
value was 0.56 cm s~!. In Figure 2b, it can be observed that for June, our modelled dry deposition
ranged from ~0.2 cm s~! to ~0.6 cm s~! over North America. We considered our acetaldehyde dry
deposition velocities to be reasonable and thus suitable to be used as a reference for CF3CHO.
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Figure 2: Average monthly dry deposition velocities for acetaldehyde modelled with GEOS-Chem for
a) January b) June 2014



Modelled CF3CHO deposition velocities for January 2014

Figure 3 complements the figure on dry deposition velocities for CF3CHO in June 2014 shown in the
main text (Figure 3).
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Figure 3: Average monthly dry deposition velocities determined using GEOS-Chem for CF3CHO for
January 2014 using HP of (a) 0.96 M atm™! and fy = 1 and (b) 13.17 M atm~! and fo = 1. The
result of using H® = 0.96 M atm~! and fy = 0 were the same as when using fy = 1 (a) and are not
shown here.



Modelled OH’

Figure 4 shows the daily average estimates of the OH" concentration from the two atmospheric condi-
tions tested in the box model. The urban site had higher concentrations of the OH" radical compared
to the pristine site. The daytime peak of OH" in the pristine atmosphere of ~ 4 x 10% molecules cm ™3
was within the ranges modelled for OH" by Whalley et al. (2010) of (3.8 —7.5) x 10° molecules cm ™2 in
this location. For the urban atmosphere, the peak concentration of OH" was ~ 5 x 10° molecules cm ™3,
within the modelled OH" reported by Whalley et al. (2018) at London of (4 —8) x 10° molecules cm 3.
The modelled urban OH' peak is also broader in time than pristine atmosphere. Because the urban
modelled atmosphere is located at a higher latitude than for the pristine atmosphere, the broader OH"
peak reflects a longer daylight period. These two features of the urban site, i.e., a higher and broader
OH" peak, result in faster consumption of HFO-1234ze and also CF3CHO in the urban atmosphere.
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Figure 4: Hourly average OH" modelled concentration in AtChem?2 for the urban (GU15_uqy-ndep
scenario red line with crosses) and pristine (GP15_uqy-ndep scenario blue line with circles) atmospheres.



Diel variation in CF3;CHO sinks

The diel variation of the four modelling sinks of CF3CHO, i.e. OH reaction, photolysis to produce
radicals, photolysis to produce FCS-23 and deposition, is shown in Figure 5. Three modelling scenarios
are represented.
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Figure 5: Average daily profile of the chemical and physical sinks of CF3CHO in the atmosphere for
three modelled scenarios: G15_lgy_ldep (continuous line with circles), G15_uqy_ldep (dashed line with
triangles) and G15_lgy-udep (continuous line with crosses). For the latter, the deposition values are
shown as Fgep,/10.
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