A new source of HO,* ?
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l. Motivation: a missing source of HO, ? » e

» Welsh et al." reported experimental evidence for photophysical oxidation (PPO) of CH,O, where . NS e 7o
vibrationally-activated CH,O* reacts with O, to form radicals after excitation at energies less than g\ Tt
the threshold for photochemical oxidation (PCO) (Fig. 1). 00| T \LET2

* Formaldehyde (CH,0O) can degrade via PPO forming HO, (Table 1) 5 i 7 e PO

» Theoretical calculations? show other carbonyls, including acetaldehyde (CH;CHO), can also s | 1619
degrade via PPO, with different products than from PCO (Table 2). 2 | oo T

» Acetaldehyde PPO produces peroxy acetyl radical (CH;CO5’), with potential implications for o i
peroxy acetyl nitrate (PAN) production. 1. HE; 00 .

Table 1. Net reaction from formaldehyde PCO vs PPO3. Table 2. Net reaction from acetaldehyde PCO vs PPO3. | M E0
HORO +hy > HOO T8 (1) | HOHO S ho o HOHOT—— (6 GHLCHO + 1 3 O+ HOO™— (69) | CH,CHO'S o > CH.ORO™ (6.0 Figure 1. Energy level diagram for CH,0 PPO (red)
ond PCO (reen) patuays

HCHO + hv + 20, — 2HO5 + CO  (6.7) | HCHO + hv + 20, — 2HO, + CO  (6.8) CH3CHO + hv + 20, = CH;0, + HO, + CO (6.15) | CH3CHO + hv + 20, — CH3CO3 + HO,  (6.16)

Key Question: Is the atmospheric PPO an important source of HO,* ?

Il. Methodology: Global model simulation of formaldehyde and acetaldehyde

« GEOS-Chem v14.3.0. 3-D formaldehyde (CH,O) and CHZO CH3CHO

acetaldehyde (CH3CHO) 1'm0nth S|mUIat|OnS s Bl (69a)CH """"""""""""" . 40, (l) JPL Publication 10-6
%71 — PPO, exponentia 3 g P CH,0 +hv  — H'+H +CO 423 kJ mol-
- Assessing formaldehyde photolysis in GEOS-Chem for | —5. ™™ ; o o H+ OO 65 10 ot
wavelengths between 338 and 356 nm. (Fig.2) S| oro Maranzana ctal O o —H, +CO 331 kJ ot
= X experiment J B +02 HO + CO . . .
. . £ 02 PPO x5 — > 2¢ Corrigan’ CH;0 + hv + 20; — 2HOy'+ CO 163 kJ mol'  (PPO)
 Three potential acetaldehyde PCO channels (Fig. 3), E _—. Wy  (HCO)
but 6.9b is not energetically accessible. 0 /(6%) pcol  IUPACH
. 0 . Jr—— — x J\ +—h"> 'CH4 + CO CH3CHO + hv — CH3CO" + H 373 kJ mol-'
* GEOS-Chem currently includes 12% molar yield of i mmen G e "("CH CI%’)'S thy () . CH, + HCOr 355 KJ Mol
. . . 3 ¢(6.9¢) Negligible E
CH;CO;’ inferred from observation of CO, formation® L) Ho %, 4o, Corrigan? CHiCHO + hv + 20, —» HOy + CHyCOy 168 kimol'  (PPO)
: _ 987 Keyand references | S g +
and erroneous_ly attributed to f:hannel 6.90 we now oo e . 5 : o Figure 4. Threshold energies
understand this to be PPO (with molar yield = 12% 3l oG 2O | oy . Jo ey C)KO_O + HO,.
. . . il H 3 4 1.00 e o o0 I
consistent with observed quantum yield = 0.07°). £ o] AW —PRoO o« , oo (CH,CO) oo I TN, jesE | oo
 We evaluate the difference between model simulations: % - o o N O !
. . ol oy | +O | 0.60 ““;‘ .-:
- including formaldehyde QYppy = 0.05 N A | i HSCJ- — C)ko_o + HO,. 5 ool \\ b e O i
28,000 28,500 29,000 29,500 30,000 30,500 * +0, 3 . PPO 0.40 2566 “;o’i :'. PPO should assume
fOr 338 < }\ < 356 nm (FIgZ) Wavenumber (cm") . H CH3—> <CH3fO) (CH3C03) 020 0177 ’0‘%£ i: animportant role.
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- removing acetaldehyde PPO photolytic contribution Havaenah o) activated 1O S i S
< < . 0.00 —+—+—+—+—+—+—+—+—+—+—+—}+— o5
for 340 < A < 363 nm (Flg'S)' Figure 2. a) Experimental evidence (CRDS) " of HO,  Figure 3. CH;CHO photolysis? un:;
signal under radical threshold energy. b) Calculated
formaldehyde PPO contribution below 30,300 cm. Figure 5. CH,CHO QY Pressure dependence

lll.Results
CH,O CH,O

* Adding QYppp = 0.05, for 338 < A <356 nm, in CH,O radical dissociation path produced a +0.163 HO2 % change-1 MONTH- +0.05QY-PPO between 338 and 356 nim CH20 % change-1_MONTH- +0.05QY-PPO between 338 and 356 nm

% increase in [HO,] and -1.148 % decrease for [CH,0O] (1-month simulations (lev=0) are shown in BEEN L T =
Fig.6 and 7). “

« Switching off CH,O photolysis radical path between 331 and 338 nm (PPO domain) produced a
-0.047 % decrease in [HO,'] and +0.234 % increase in [CH,0O] (not shown).

CH,CHO

* Change in [HO,] attributable to the acetaldehyde PPO in the range 340 < A <363 nm is small:
-6.22x10 of % change. (1-month simulations (lev=0) are shown in Fig.8).

« Similar behavior can be observed for [CH;CHO]: + 0.002 % change (1-month simulations (lev=0)

_ _ Figure 6. [HO,] % change adding 5% PPO. Figure 7. [CH,0] % change adding 5% PPO
are shown in Flg.9). 1-month sim, lev=0 1-month sim, lev =0
« Using a different approach, Perez Pena? showed that acetaldehyde PPO contributes on average CH.CHO
only 0.6% of total global tropospheric CH;CO;" production, compared to ~38% from CH,CHO + 3
OH and that change in PAN production attributable to PPO is <2% everywhere (not shown). e e Y e e e
e - N e RN e
S ST M g R = s O - e
N \“?\\& . v,?;ﬁ“ "j_@}‘\\i‘gf\ % @& %\\& v’;?h ;—%}:\f? S "?‘53;
sl { =N & Syt L O\ &
: E\L“"“- hy M‘\ f/ \\Lﬁﬁ}%‘:ﬂf { \“‘\. -—’M\ f/ Q\\\‘ikg@}gﬁ‘s:’ s
DA \ S0 Y W e/ A
» PPO is a missing source of [HO,], but 1-month GEOS-Chem simulations show the o W N b ) o g
impacts from individual species are small. B | [ e e

> Theoretical calculations? show other carbonyls and several other molecular species

con go through PPO, making the sum of contributions to [HO,’] changes potentially _ _ — _
atmospherically relevant. Figure 8. [HO,"] % change removing acetaldehyde Figure 9.[CH;CHO] % change removing
> Future model experiments will target combined effects of PPO from multiple photolysis between 340 and 363 nm. SESELGEED PIEiRlEls BACTEE ¢4 et o0 Gk
1-month sim, lev = 0 1-month, lev =0

species, impacts of wavelength dependency, and implications of reverse pressure
dependence of PPO relative to PCO.
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