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CASE 02
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solar
ultraviolet
Primary Pollutants rays (hv) Photochemical Oxidants
L,
Photochemical
reactions
No. Reactions
Major O; Production Reactions
(R1) NO,+hv+0O, — NO+O;
(R2) RH+OH+O0, — RO,+H0
(R3) CO+OH+0; — HO,+CO,
(R4) RO, +NO+0O, — RCHO + HO, + NO,
(R5) HO,+NO — OH+NO,
Major O; Sink Reactions
(R6) O3 +hv+H,O — 20H+O0,
R7) NO+0O; — NO,+0,
(R3) HO,+0; — OH+20,
R9) OH+NO, — HNO;
Others

(R10) HCHO +hAv+20, — 2HO,+CO
(R11) RCHO + hAv+20, — RO,;+HO,+CO
(R12) HO,+HO, — H,0,+0,
(R13) RO, +HO, — ROOH+ O,
(R14) RCO;+NO, — PAN
(R15) PAN — RCO;+NO,
(R16) RCHO+OH+0O, — RCO;+H,0
(R17) RCO3;+NO+0O,; — RO,;+NO,+CO,

_14_
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N
@4 ( R02 e N

@ ROOH
e | ReHo
RS A Ha02

NO h{;(”) 1 o3 RS HoHO [ 1.

./
D :Species % :Radicals
@ :Producton reactions of radicals <> : Sink reactions of radicals O : Other reactions

—> :Reaction cycles - » :Production cycles of HCHO and RCHO from RH
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Species

H,O

HO;
H,0;
CO
FORM
ALD2
C,0;
PAN
PAR
ROR
OLE
ETH
TOL
CRES
TO,
CRO
OPEN
XYL
MGLY
ISOP
X0,
XO,N

Nitric oxide

Nitrogen dioxide

Nitrogen trioxide

Dinitrogen pentoxide

Nitrous acid

Nitric acid

Peroxynitric acid (HO,NO,)
Oxygen atom (singlet)

Oxygen atom (triplet)

Hydroxyl radical

Water

Ozone

Hydroperoxy radical

Hydrogen peroxide

Carbon monoxide

Formaldehyde (CH,=0)

High molecular weight aldehyde (RCHO, R>H)
Peroxyacyl radical

Peroxyacyl nitrate (CH3C(O)O,NO,)
Paraffinic carbon bond (C-C)
Secondary organic oxy radical
Olefinic carbon bond (C=C)
Ethene (CH,=CH)

Toluene (C¢Hs-CHs3)

Cresol and higher molecular weight phenols
Toluene - hydroxyl radical adduct
Methylphenoxy radicals
Aromatic ring fagment acid
Xylene (Cs¢Hs-(CHs)z)

Methyl glyoxal (CH3C(O)C(O)H)
Isoprene

NO - to - NO; operation

NO - to - NO; operation
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Rate constant (k)

No. Reaction 3 14
[cm”molecule™ s ]
Inorganic Reactions
1 NO; +hAv = NO+O Radiation dependent
2 0+(0;+M) — 03 1.4x10° '™ T
3 0;+NO — NO, 1.8%x10712 g 1370/T
4 O0+NO, —> NO 9.3x107"
5  O+NO;+ (M) = NO; 1.6x107"% 87T
6 O+NO+(M) — NO, 2.2%1078 &¥T
7 03+NO; = NO; 1.2X10718 24T
8 Os+hv = O Radiation dependent
9 Os+hv — O'D Radiation dependent
10 OD+M) — O 1.9108 T
11  O'D+H0 - 20H 2.2x1071°
12 03+O0H — HO, 1.6x10712 0T
13 0;+HO, — OH 1.4X1074 ¢80T
14 NO; +Av — 0.89 NO; +0.89 0+ 0.11 NO Radiation dependent
15 NO3;+NO — 2NO, 1.3%x107" 2T
16 NO;+NO, — NO+NO, 2.5%1074 g 120T
17 NO; +NO; + (M) — NOs 5.3%x1071% ®9T
18  N,Os+H,0 — 2HNO; 1.3x107%
19  N,Os+ (M) — NO;+NO; 3.5%10'4 710897/ T
20 NO+NO+(0;) — 2NO; 1.8x10720 B30T
21 NO+NO;+H,0 — 2 HONO 4.4x107%
22 OH+NO + (M) — HONO 4.5x10713 806/ T
23 HONO + Av — OH + NO Radiation dependent
24  OH-+HONO — NO;, 6.6>x10712
25  HONO + HONO — NO +NO, 1.0X107%°
26  OH+NO;+ (M) = HNO; 1.0x107'2 ¥ T
27  OH+HNO;+ (M) — NOs 5.1X10715 g1000/T
28 HO,+NO — OH+NO, 3.7x10712 20T
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Rate constant (k)

No. Reaction 3 e
[em’*molecule” *s™]
Inorganic Reactions (continued)
29  HO,+NO,+ (M) — PNA 1.2X1072% ™7
30  PNA+ (M) — HO, +NO, 4.8X10" g 1012V T
31 OH+PNA — NO, 1.3x10712®0T
32 HO,+HO, = H0, 5.9x107 U T
33 HO,+HO,+H,0 — H,0, 221078 3800T
34 H,O, + hv — 2 OH Radiation dependent
35  OH+H0, — HO, 3.1X10712 18T
36 OH+CO+(0;) — HO, 22x1078
Formaldehyde Reactions
37  FORM + OH + (0;) — HO,+ CO 1.ox107™"
38 FORM + Av +(20;) — 2HO,+CO Radiation dependent
39 FORM + hv — CO Radiation dependent
40  FORM+O — OH+HO,+CO 3.0x107! 150 T
41  FORM +NO; + (0,) — HNO; + HO, + CO 6.3x107'
High Molecular Weight Aldehyde Reactions
42 ALD2+0+ (0 — C,03+OH 1.2x1071 g8/ T
43 ALD2+OH — C0; 7010712 2T
44  ALD2+NO; +(0;) — C,0; + HNO; 2.5%107"°
45 ALD2 + hv+ (2 Oz) — FORM + XO02 + CO +2HO, Radiation dependent
46  C03+NO+(0,) — FORM +X02 +HO, + NO, 5.4x10712 20T
47  C,03+NO, — PAN 8.010720 00T
48  PAN — C,0;+NO;, 9.410"6 g 14000/ T
49  C,0;+C,0; — 2FORM +2 XO02 +2 HO, 2.0x107%2
50  C,03+HO; — 0.79 FORM +0.79 XO2 +0.79 HO,  6.5X1072
+0.79 OH
Alkane Reactions
51 OH — FORM + X02 + HO, 1.1x10% &' T
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No. Reaction Ra3t ¢ constant_l(k-)l
[em™‘molecule™s™']
Alkane Reactions (continued)

52  PAR+OH — 0.87 XO2+0.13 XO2N + 0.11 HO, 8.1x107"
+0.11 ALD2 + 0.76 ROR — 0.11 PAR

53  ROR — 1.10 ALD2 +0.96 XO2 + 0.94 HO, 1.0x10"° ¢ 8000T
+0.04 XO2N + 0.02 ROR — 2.10 PAR

54  ROR — HO, 1.6x10°

55 ROR+NO, — 1.5%10™"

Alkene Reactions

56 O+OLE — 0.63 ALD2 + 0.38 HO, + 0.28 XO2 1.2X1071 34T
+0.30 CO + 0.20 FORM + 0.02 XO2N + 0.22 PAR
+0.20 OH

57 OH+OLE — FORM +ALD2 +X02 + HO,—PAR  5.2x10712 5T

58  03;+OLE — 0.50 ALD2 + 0.74 FORM + 0.33 CO 141071 g 2105/T
+0.44 HO, + 0.22 XO2 + 0.10 OH — PAR

59  NOs;+OLE — 0.91 XO2+FORM +ALD2 7.7%X107%
+0.09 XO2N + NO, - PAR

60 O+ETH — FORM + 0.70 XO2 + CO + 1.70 HO, 1.0x107" ¢ ¥T
+0.30 OH

61 OH+ETH — XO02+1.56 FORM + HO, 2.0X10712 MVT
+0.22 ALD2

62 O3 +ETH — FORM + 0.42 CO +0.12 HO, 131071 ¢ 2633/T

Aromatic Reactions

63 OH+TOL — 0.08 XO2 +0.36 CRES + 0.44 HO, 2.1x10712 32T
+0.56 TO2

64  TO2+NO — 0.90 NO, + 0.90 OPEN + 0.90 HO, 8.1x107"

65 TO2 — HO,+ CRES 42

66 OH+ CRES — 0.40 CRO+0.60 XO2+0.60 HO,  4.1x107"!

+0.30 OPEN
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Reaction

Rate constant (k)
[cm®molecule-s]

67

68

69

70

71

72

73
74

75

76

77

78

79
80
81

Aromatic Reactions (continued)
NO; + CRES — CRO + HNO;
CRO +NO, —
OH + XYL — 0.70 HO, + 0.50 X0O2 + 0.20 CRES
+0.80 MGLY + 1.10 PAR + 0.30 TO2
OH + OPEN — XO2 + C;0;+2HO,+2CO
+ FORM
OPEN + Av — C,03 + CO + HO,
O3 + OPEN — 0.03 ALD2 + 0.62 C,O3 + 0.70
+0.03 XO2 + 0.69 CO +0.08 OH + 0.76 HO,
+0.20 MGLY
OH + MGLY — XO02 + C,0;
MGLY +Av — C,0; + CO + HO;

Isoprene Reactions
O+ISOP — 0.60 HO, + 0.80 ALD2 + 0.55 OLE

+0.50 XO2 + 0.50 CO + 0.45 ETH + 0.90 PAR
OH + ISOP — FORM + XO02 + 0.67 HO;

+ 0.40 MGLY + 0.20 C,03 + ETH + 0.20 ALD2
+0.13 XO2N

0; + ISOP — FORM + 0.40 ALD2 + 0.55 ETH
+0.20 MGLY + 0.06 CO + 0.10 PAR + 0.44 HO,
+0.10 OH

NO; +ISOP — XO2N

Operator Reactions
X02+NO — NO;

X02 +X02 — (Out of the mechanism)
XO2N +NO — (Out of the mechanism)

2.2x1071

1.4x107"

17>< 10—11 e116/T
3.0x107!
Radiation dependent

5.4% 10—17 e—SOO/T

1.7x10™"
Radiation dependent

1.8x107!"

9.6x107!

1.2x107"7

3.2x1078

8.1x10712
1.7X 10—14 el300/T

6.8<1078
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