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Basic Concepts of Chemistry

A Source, sink, production, loss, destruction

A Mass, loading burden, content, concentration, mixing
ratio

A Residence time (burden/loss rate)

A Lifetime (efolding time???)

A 1Tg=102grams;1 Pg=10'°grams =1 Gt
A 1 mole =6.022x 1022 molecules/atoms



Key Chemical Species in the Troposphere

A Main pollutants: O,, PM, CO, N© SQ, NMVOC...

A Oxygen family: O,=Q,+0O (+ NQ

A Nitrogen family: NQ,= NO NG,

A Nitrogen family.  NQ,= NQ +NQ,=NQ + NQ +2N,O; +
HONO NG, + PANst+ X

A Ammonia speciesNH = NH + NH,

A Carbon species: CQ CH, NMVOC

A Sulfur species: SQ, SQ, SQ, X

A Radicals: HQ, = OH #+0,; RQRQ, NO, Halogen

A GHGs: H,0, CQ, O, CH, N,O, CFCSHCFCs, HFCsSF

A PM species: SQ+NO+NH,,, POA+SOMC, sea saltslusts



Basic Concepts of Chemistry

A Photolysis: A hnA B+ C

d[A]/ dt =-j * [A]

=-actinic flux *cross_sectiort yield * [A]

A Reaction: A+ B, C+D

d[A]/ dt =-k * [A] * [B]

lifetime of A:1/ (k * [B])
A Equilibrium: A+ B C+D

d[A]/ dt =- k, * [A] * [B] +k, * [C] * [D] =0



More About the Rate Constant

Bimolecular reactionsArrheniusform (E is the activation energy)

k(T)=A-exp[E/TRJ

Termolecular reactions:

(

k, (IM],T)= k,(T)[M]

k, (T)[M]
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Basic Chemistry

A NO + QA NG, (R1)

A NO,+hAA NO +0O (R2)
AO+Q+MA O+ M (R3)

A Thus, [NO] / [NG| = jyop/ (k * [Os])

A Here, O atom is ipseudo steadystate T
A Without perturbation, this is anull cycle

*** This is one of the most important relations regulating
concentrationsof NO,NG, and O, in the troposphere




Basic Chemistry

A OH+ C@ HO, + CQ (R1)
A OH + VO@® ROA XA HO, (R2)
A HO,+ NOA NO, + OH (R3)

A Thus,[OH] / [HOJ] = k,* [NO] / (k, * [CO] + k * [VOC])

*** This Is one of the most important relations
regulatingconcentrationsof OH and HQIn the
troposphere.



Sources of Tropospheric Ozone

SOURCES OF TROPOSPHERIC OZONE
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Photochemistry for Tropospheric Ozone

CO+OH (+ 9 TIbCQ + H
{ 9 bCQ+HQ

/Initiation RH+ OH (+ § THRQ, + HO
b ovoc
voC {NO+ RQ (+ Q) MCarbonyl +NO, + HQ
Propagation NO+ HQ NHOH +NG,

Production < L NO, +hATHNO + Op) (<<420nm)
OCp) + Q@+ MIDHO; + M
HG,+ HQTIH J0,+ G

\Termination { {Hoz +RG, NMHROOH* G,
OH+NOb a [Ik+IMdh

/{ O; +hATHO, + OfD) (<<330nm)
O(D) + HOM20H
Destruction < {OH + QMO, + HQ
HO, + 0,20, + OH
= NO + Qb0+ NG 9




Ozone Formation: Sensitivity to NOx and VOC

HOx RQ, etc.

h3 I
Ozone mixing ratio as a function of

/ \ NOx and NMVOC emissions

i Sillmanet al.,1990
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More Chemistry

Gaseous chemistry (important Wweak ):

A NO,+ VO® HNGQ, + carbonyl

A NO,+ VO®\ Organic nitrates

A O,+ VO X 62l 2y2ftearao
A NO+QA NO,+0Q

A NO,+ QA NG, + O,

A NO,+NQ+MT N,O.+M

Heterogeneous chemistry:

A N,O: + HO(s)A 2HNQ

A NG, + HO(s)A HONO (important source of OH!!!)

A NO+Hh 6 a0 ;M b Kimportantin China ?)

A NQ,+ SQ+H,h 6 & 8QAHimportant in China?, in high pHenv.?)
A HO,+ HO(s)A 0.5H0O, (importantin China ?)

A TMI catalyzed processes ??? (HSQ; in low pHenv,)
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NOx Emissions b$ource

NOx Budget

Table 4.8: Estimates of the global tropospheric NO_budget (in TgN/yr) from different sources compared with the
values adopted for this report.

Reference: TA Ehhalt Holland ef al. Penner ef al. Lee et al.
R (1999) (1999) (1999) (1997)

Base yvear 2000 ~1985 ~-1985 1992

Fossil fuel 330 21.0 20-24 21.0 220
Aircraft 0.7 045 0.23 -06 0.5 0.85
Biomass buming 7.1 7.5 3-13 5-12 79
Soils 3.6 3.5 4-21 4-6 7.0
NH, oxidation - 30 05-3 - 0.9
Lightning 5.0 7.0 3-13 i-5 5.0
Stratosphere =0.5 0.15 0.1-06 - 0.6
Total 51.9 44.6 44.3
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AnthropogenicNOx Emissionst950-2014

Anthropogenlc NOx Emissions from CEDS (lem2/y) in 1950
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Tropospheric NQColumn:20052019

OMI trop. NO, dJor. 2005
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Source/sink strength (Tg/yr)
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Anthropogenic Emissions ¢£0:19502014

Anthropogenlc CO Em|SS|ons from CEDS (T/km2/y) in 1950
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Satellite Measurements o€O

,. . 2004/ 07-2005 06 ,

I : L.
0O 088 1.75 2.62 3.50 10®molec cm™
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Sources of NorMethane Volatile Organic Compounds

Human Sources ~100 TgClyr
Energy use and transfer 43 TgClyr
Biomass burning 45 TgClyr
Organic solvents 15 TgClyr

Natural Sources ~1170 TgClyr

Emissions from vegetation
e isoprene (CsHg) 200-600TgC/yr

Y monoterpenes 125 TgClyr
other VOC 520 TgClyr
Oceanic emissions 6-36 TgClyr

Brasseur et al1998 WengHJ et al., S[2020
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WengHJ et al.,

BiogenicNMVOC Emission4980;2017

SD, 2020
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AnthropogenicNMVOC Emission49502014

ly) in 1950
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Tropospheric HCHO Colum20052015

BIRA-IASB (v14)

BIRA-IASB (v14) / NASA h2co.aeronomy.be
h2co.aeronomy.be 2005 Level 1 NASA (collection 003) 2015
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Tropospheric Ozone Column Seen From Spact

2004/10c2010/12 mean; ~ 31 DU on average
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7 X @V 2 /5] 3
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Cooper et al.2014 Elementa; OMI/MLS data froiemkeet al. 25



Budget of Tropospheric Ozone #009

Global model

Two-way model

Percentage difference

Tropospheric budget of ozone®

Chemical loss of O, (Tg) 4491 4537 1.0%%
Chemical production of O, (Tg) 4885 4928 0.9%
Dry deposition of O, (Tg) 909 894 —1.7%
STE of O, (Tg)P 515 503 —2.3%
Dry deposition of O3 (Tg) 882 867 —1.7%
STE of O3 (Tg)P 488 478 —2.0%

O3 burden (Tg) 384 348 —9.5%
Mean TCO (DU) 34.5 31.5 —8.7 %

O3 lifetime (days) 26.1 23.5 —9.99%

Tropospheric burdens and lifetimes of other species

NO, burden (TgN) 0.169 0.176 4.1 %
NMWOCs burden (TgC)* 10.1 10.2 1.0 %

CO burden (Tg) _ 359 398 10.8 %%

OH number concentration (10° cm_3) 1.18 1.12 —5.0%
OH-related MCF lifetime (yr)d 5.58 5.87 5.2%
OH-related methane lifetime {yr}d 9.63 10.12 5.1%

MAM JIA SON DIF

GB W  Diff. (%) GB TW Diff. (%) GB TW Diff. (%) GB TW  Diff. (%)

Chemical loss of Oy (Tg) 1087 1099 1.1% 1252 1237 -1.2% 1116 1141 22% 1036 1060 23%
Chemical production of Oy (Tg) 1197 1213 1.3% 1446 1460 1.0% 1199 1211 1.0% 1042 1045 03%
03 burden (Tg) 314 340 -91% 394 362 —8.0% 370 339 —84% 399 352 -11.7%
Lifetime against chemical loss 314 283 —98% 287 267 —06.9% 303 271 —-1035% 351 303 -13.6%

(O3 burden / O, loss)

Q, = O,+ O + N@+2NO, +3N,O, + PANs + HNG HNQ (Wu et al.2007)

Yan et al., 2016
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Vertical Profile ofO, In the Troposphere
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Longterm Trends of NeaiSurface Ozone

Historical records imply a large anthropogenic
contribution to the present-day ozone background at

northern midlatitudes

Ozone trend from European mountain observations, 1870-1990

[Marenco et al.,1994]
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Longterm Trends of NeaiSurface Ozone

East Asia and western

Europe North America
T T T T T T T T T T T T T T T T

H < Jungfraujoch - 46 °N, 3.6 km
A Zugspitze - 47 °N, 3.0 km

Rest of World

Trends in annual average ozone
(mostly rural sites except in Asia)

Surface and lower tropospheric ozone trends beginning 1980-1989 through 2010
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Factoring Affecting @Growth between 1980 and 2010
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Atmospheric OH

OH sourcedO; photolysis, HONO photolysis, VOC ozonolysis, NQ-N{I>REX
OH sinks: OH+CO, OH43BH+NMVOC, OH+)@tc.

OH lifetime>Kls
HG, lifetime: 1-2 mins

Simplified CH,/OH/CO Chemistry

oxidizes to CO

OH + CH,

CO

Changes in CH
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Turner et al.2019 PNAS
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[OH] (10° radicails cm?)

Mole fraction (ppt)

Atmospheric OH Variations
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NearSurface AinPollution

Chinese Air Quality Status
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How Pollution Affects the Human Body ?
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