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Behavior of trace species has a diurnal cycle
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Average diurnal cycles of observed VOCs, measured at 75 m above ground at the Bukit
Atur rainforest site, Borneo. Grey shading and error bars show the variability (=1 s.d.)
about the mean. Solid line, rainforest; circles with solid line, oil palm. MacKenzie et al.
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Background chemistry in the clean troposphere
OH+CH, — CH4+H,0

CH;+0,+M — CH,;00+M methylperoxy radical
CH;00+NO —» NO,+CH;0 methoxy radical
CH;0+0, > HCHO+HOO formaldehyde

(HOO+NO — NO,+OH)
HCHO+OH — HCO+H,0
HCO+0, —» HOO+CO
(HOO+NO — NO,+OH)

CO + 20, + hv - CO, + O,

OH+CO — CO,+H (1)
H+O,+M —» HOO+M (2) hydroperoxyl radical
HOO+NO — NO,+OH (3)
HOO+0O,; - OH+20, (4)
0,]- ky[NO, |



Los Angeles smog
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Primary photochemical cycle of NO, & ozone

SUN

Ozone Production
2NO+0O, —» 2NO,
NO,+hv — NO+O (1)
O+0,+M — O,;+M (2)
NO+O; - NO,+0O, (3)
4O0.J_ i [noJo, )+ koo, IM] _szs

dio] _ k,[NO,]-k,[0]0,]M] ~zero

- Ozone is created by
k, [N02] =k, [()][O2 ][M] PSSA energetic UV radiation




Urban air pollution: photo-smog
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Comparison of tropospheric O, photochemistry

Clean air

O, + hv - O, +M (1)
OR_+ H,0 — 20H (2)
OH_+ O, —>“HQ, + O, (3)
He, + 0, — 20, + OH_ (4)
20, +H,0 —» 30, +20H net reaction
20, - 30, net reaction (3-4)
Polluted air

OH + CO —» H + CO, (3
H+O,+M —» HO, + M (4"
HO, + NO — NO, + OH (5
NO, + hv. - NO + O (6")
O+0,+M - O; +M (7"

CO + 20, —» CO, + O, netreaction (3-7°)



Comparison of tropospheric O, photochemistry

Clean air

O, + hv - O, + O (1)
o + H,O — 20H (2)
OH + O, —» HO, + O, (3)
HO, + O, — 20, + OH (4)

20, +H,0 —» 30, +20H net reaction

20, - 30, net reaction (3-4)
Polluted air
CH + CO - H.+ CO, (3"

+ 0, +M > HQ, + M (4
HQ, + NQ_ — N, + O (5
NQ, + hv S NO_+ O (6')

£ 0, +M - O; + M (7)

CO + 20, —» CO, + O, netreaction (3-7°)



Reaction sequence for alkenes illustrated
by the example of methane

CH, + OH — CH; + H,0O
CH;, + O, + M —» CH;0, + M
CH,O0, + NO — NO, + CH,0
CH,O + O, —» H,CO + HO,
HO, + NO — NO, + OH

NO, + hv. - NO + O
O+0,+M —» O; +M

CH, + 40, + hv—» 20, + H,CO + H,O netreaction
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Formation of peroxyacetyl nitrates (PAN)

from oxidation of acetaldehyde
CH,CHO+OH — CH,CO+H,0
CH,CO+0, —» CH,C(0)00
CH,C(0)O0O+NO, —» CH,C(0)O,NO, (PAN!)
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PAN in the Gulf of Alaska from May 21 to August 21, 2006 as obtained by WRF/Chem
Gray p<1000hPa, thin black line = SLP. From: Porter 2009
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Chapman cycle
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Chapman cycle

02 -+ hl/ —J1 20

O+0y+ M — O+ M

03—|—hV4>j2 O—|—OQ
O + 03 4>/Q 202
d[Os] e , n
302 S dt ; ’»1[0][02””] —]2[|O_3}V—u]~2[0“0.3m
d[O]
di

= 2j1[0a] + 52[03] — k1[0][02][M] — k5[O][Os]

dj0O;] dO  dOs

- =2 — 2k .
dt dt dt 71[0] 2[0][0s]

03 = (02} /(L)
k1]O][05][M] = 72|O3] + k2|O][O5] 71102] = k3[O]]O3]
J2 >> ky|O] k1[O][02][M] = 72| O3]

0] _ 72

[03] k1[O2][M]




Catalytic destruction of stratospheric ozone

Ultraviolet light hits a chlorofluorocarbon
(CFC) molecule, such as CFCls, breaking

% i O k4 1 02 off a chlorine atom and leaving CFCl,.

Sun
Once free, the chlorine atom is off
O ‘|‘ 03 — 202 s to attack another ozone molecule
UV radiation and begin the cycle again.

The chlorine atom attacks
an ozone (O3) molecule, pulling the oxygen atom off
an oxygen atom off it the chlorine monoxide

and leaving an oxygen — molecule to form O, |

A free oxygen atom pulls

Summary of Reactions The chlorine atom and

CCl3F + UV—CI + CCl,F the oxygen atom join to Q
Cl+ 03—CIO + O, ) Repeated form a chlorine monoxide o
Cl+0—Cl+0, }many times molecule (CIO).

© 2005 Brooks/Cole - Thomson



Ozone hole
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