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Impacts of acidity on multiphase chemlstry In agueous particles and
clouds
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Introduction

Acidity-dependent

partitioning of HA CcO
acid & bases B

Acidity buffering

by weak acids
2 |

- Acidity of agueous atmospheric solutions is a key parameter

- Drives the partitioning of semi-volatile acidic or basic trace gases and their linked aqueous-phase chemistry
+ A-

HA =

- Aqueous-phase chemistry affectes the acidity of atmospheric aqueous phases, e.g. deliguesced aerosol

| Halogen activation B = OH &y Acidity-
particles, cloud and fog droplets HOX HOX,,, dependent
. [FAT sulfur(IV)

- Figure 1 illustrates the most important processes where acidity plays a role X+Y<—XY XY, + H,0 oxidatizn
Acid-promoted CI- (e-9., by

- Feedbacks in acidity and chemistry have crucial implications: (i) tropospheric lifetime of air pollutants, hence

metal solubilization
Fe?*/Fe3*

ozone)
SO,

air quality and atmospheric aerosol composition, (ii) deposition input into other terrestrial and oceanic o o
ecosystems, (iii) the visibility, (iv) climate and (v) human health N 2
Acidity-depende
- The present study outline impacts of acidity (i) on the hydration of organic carbonyl compounds and (ii) hydrations
multiphase chemistry of dissociating organic compounds in aqueous particles and clouds ROOH Vo
Acidity-dependent Acid-catalyzed

- A comprehensive literature survey presents the current state of knowledge of acidity dependencies

oxidation rates accretions

Fig. 1: Chemical processes influenced by acidity in tropospheric aerosols.

OH, NO, radical studies on aqueous-phase chemistry

- Hydration processes are typically acid- or base-catalyzed
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4-methylimidazole
2-methylimidazole
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- OH or NO, radicals can react
either by H-atom abstraction,
electron transfer or by addition
to a double bond

——~ e~~~

pH9.2vs2

- Equilibrium constant K, ,describes the ratio of the diol and carbonyl fraction of the
aldehyde or ketone

1-methylimidazole (pH9.1vs2
2-formylimidazole (pH09.1vs0)
salicylic acid

gallic acid

4-hydroxy benzoic acid
2-hydroxy benzoic acid
benzoic acid
2,4-dinitrophenol
4-hydroxybenzaldehyde
2-hydroxybenzaldehyde
4-nitrophenol

- Hydration of simple aldehydes and ketones and dicarbonyls is unaffected by pH

- OH radicals usually react by
H-atom abstraction with
saturated compounds in the e
range of k = 107-10°M" s™ e ach

- Multifunctional carbonyl compounds that contain pH sensitive moieties, such as
a-oxocarboxylic acids, are highly influenced by the pH

measured Khyd (Lopalco et al. 2016)
measured Khyd (Pocker et al. 1969)
recommended Khyd (Turyan, 1999)
measured Khyd (Rapf, 2017b)
measured Khyd (Rapf, 2017a; 10mM)
measured Khyd (Rapf, 2017a; 5mM)
measured Khyd (Reed-Harris, 2014)

- Unsaturated and aromatic e A

- mesoxalic acid (di)

compounds react by OH | mesoaliaid
radical addition in the range of tartronic aci
k=10°-10""M" s

pyruvic acid

lactic acid

hydrated glyoxylic acid
glycolic acid
(+)-camphoric acid (di)
(+)-camphoric acid
suberic acid (di)
pimelic acid (di)
adipic acid (di)
glutaric acid (di)
succinic acid (di)
succinic acid

malonic acid (di)
malonic acid

- Acidity effect on reactivity of
OH with organics is generally
small

K,yq(PYyruvic acid)

Fig. 2: Equilibria and measured pH

dependency of the apparent hydration - Exceptions are small organic

constant of pyruvic acid, a a-keto- | e . i T e R — e e ~ acids such as meiC, acetic, oxal(i)cxgﬁicda(gz ''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' nes
:::3;‘:""‘: acid, in aqueous solutions 78 9 10T oxalic and malonic acids, mtm“y'th:yl §
which are more dependent on |, el o
the acidity of the surrounding __ pivalicacid
O, studies on aqueous-phase chemistry environment o
- NO, reactions of protonated f””“‘:“‘dw > o Py ——

- Ozone is an electrophilic and very selective oxidant for organic compounds saturated aliphatic carboxylic

acids are in the range of
k=10*-10° M 5™

k(OH )deprotonated / k(OH )protonated

- Rather high acidity dependencies exist for phenolic compounds and hydroxylated
benzoic acids

Fig. 4: Reactivity ratios of different dissociating organics.
The ratio of the dianion and protonated dicarboxylic acid is
indicated by (di).

3,4-dihydroxy cinnamic acid
3-methoxy-4-hydroxy cinnamic acid e .
J-methoxycinnamic acid mesoxalic acid (di) |DEEEEEE0ESE00S00000000000 28.8 - Deprotonated aC|dS
cinnamic acid mesoxalic acid 13.5 .
gallic acid (pH6.3vs2) pyruvic acid 7.9 reaCt In a‘ range Of
p-hydroxybenzoic acid (pH9vs2) 320,000 lactic acid 18 k — 1 06 _1 08 M-1 S-1
p-hydroxybenzoic acid (pH6.3vs2) glycolic acid o ) .
S o with NO, radicals
tyrosol (pHOvs2) 22,667 (+)-camphoric acid (di) [ 67.4 3
tyrosol (pH6.3vs2) 66.7 (+)-camphoric acid 49.0
phenol 1,374,570 succinic acid (di) KR LI CIEI PRI 3 600.0 - NO3 usua”y rea’Ct
limonic acid (pH7vs2) inic acid "L .
trans-trans-muconic acid (di) SU-CCW"TI aCI, .............................................. o by addltlon Wlth
fumaric acid (di) o malonic acid (di) e 451.0 u nsatu rated aC|dS
maleic acid (di) malonic acid 109.8
maleic acid oxalic acid (di) | EEEEEEEEEEE e EEEEEEEEEENEEaEEEEEEEEEEnnRONRREY 9166.7 (k = 1 07 -1 08 M'1 S'1)
7-hydroxylimononic acid (pH7vs2) oxalic acid S5l
B-caryophyllonic acid (pH8vs2) o - -
limononic acid (pH7vs2) methacrylic acid L8 - Addlthn reaCtIOn On
methacrylic acid 24.7 acrylic acid o4 —
n acrylic acid cis-pinonic acid 10.5 the C_C dOUble
pyruvic acid scec aci bond is more
3 glyoxylic acid 16.4 formic acid 134.2 .
: glycolc aci . R T Y R S ———— — important than the
1 1E+01 1E+02 1E+03 1E+04 1E+05 1E+06 L0 100 100.0 10000 100000 ETR
u ) k(os)deprotonated/ k(03)protonated F. 5 NO t. .t t. f d.ll(f(:O?’)mon;/di-anionb/ k(NO])-undiSSOCiat-e;aCid
o v ¢ . . . 1g. o: reactivity ratios oOr dirrerent carnoxyliic acCias.
v, Fig. 3: Ratio of ozone reaction rate constants of deprotonated and protonated 9 3 y y
R organics in aqueous solution.

- Hydration processes of multifunctional carbonyl compounds, such as
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