1 Reactions

Cosmic ray background:
Rl. Q+ Ny — Ny +e+Q ; ky =0.585/M ; [2]
R2. Q+ O3 = OF +e+Q ; ko =0.154/M ; [2]
R3. Q4+ Ny = Nt +N+e+Q; ks =0.185/M ; [2]
R4 Q+03 0" +O0+e+Q ; ky=0.076/M ; [2]
Electric field driven processes:
R5. e+ Ny — e+ No(A) ; ks = 100-847140/0) ;1]
R6. e+ Ny — e+ No(B) ; kg = 10(-8:37154/0) | 1((=8.7-168/0) | 15(~8:2-148/0) . []
R7. e+ Ny = e+ Na(a) ; ky = 100 887167/0) 4 10(=8:87174/0) 4 10(=8:8-175/0) 1]
(

RS. €—|—N2 N 6+N2 C) _ 10( 8.2—211/0) + 10( 10.1-254/0) + 10(79.27262/9) : [1]
10(=9:0-52/0) 9 < 40Td
R9. e+ 0y = e+ 0s(a) ; ko = {10(—10.2—345/9)7 0> 40Td 1]
10(=9-5-69/8) = 9 < 307d
R10. 6+02—>€+02(b>;k‘10={ ! < ;[1]

10(-11:2=72/0)) 9 > 30Td

3.096 = 0.671- ({g) +0.03- ({ 1) -

R1L e+ Ny = e+ N+NED) 5k =107 ¢ —159.1003 . (£)° —1.57.1075 - (&))", 6 < 76Td ; [2]
0, 0> 76Td
3.096 — 0.671 - (&) +0.03 - (&)°—
RI12. e+ Ny e+ N+Nikp=2-1070-0 —1.59.1009 . (£)° —1.57- 107 (£)*, 0 <76Td ; 2]
0, 0> 76Td

RI3. €+ 0y = e+ O+ O(D) ; kg = 10C-807169/0) . [q]
RI4. ¢+ 0y = e+ O + O(LS) ; kyy = 10(-88-119/6) . []
R15. e+ 0y — OF +e+e; kys = 10788-28L/6) . [q]
R16. e+ NO — NOt + e+ e ; kg = 100-88-281/60) . [1]
RI7. e+ Ny = Ni +e+e ; kyp = 10(7337365/0) . [1]
R1S. e+ 0y = O+ 0 +e; kg = 100795760/0) . [q]

10(=9-575-123/0) g ~ 80T

R19. e+ 05 - O~ 40 ; kig = {10(_10_4_57/0), 0> 80Td ; [2]

R20. €4 O3 — Oz 4+ O + € ; kog = 10(=8752/0) . [1]
R21. O~ + Ny — N2O + e ; koy = 1.16 - 10712 92/(43.5 + 62) ; [3]
Positive ion chemistry:
R22. CONO*t + e — COz + NO ; kyp = 11079 - (1/300)" ; [2]
R23. CO:NO™ + Hy0 — (HyO)NOT +CO03 5 kay = 1-107° - (T/300)" ; [2]
R24. (H0);NOt 4+ e — NO + HyO + HyO ; koy =1-1076 - (T/300)0'5 (2]

R25. (Hy0)sNOT + HyO + M — (Hy0)sNOT + M ;5 kgs = 1-10727 - (T/300)° ; [2]



R26. (H20)sNOT + e = NO + HyO + HyO + HaO ; kgg = 1-107% - (7/300)* ; [2]
R27. (H20)3sNOT + HyO — H7Of + NO + OH ; kyr = 7107 - (T/300)"” ; [2]
R28. HoOF +e— Hy0 ; kag = 1-107% - (T/300)"7 ; [1]

R29. HOF + HyO — H30F + OH ; kyg = 1077 (T/300)*° ; [3]

R30. (H20)NO* + e — NO + Hy0 ; k3o = 1-1075 - (T/300)*° ; [2]

R31. (HyO)NO* + HoO + M — (Hy0)sNO* + M 5 ks = 1-10727 - (7/300)°° ; [2]
R32. H3;O"(OH) + e — Hy0 + Ho0 ; kzp = 1-107 - (7/300)"° ; [2]

R33. HyO"(OH) + H0 = H505 + OH 5 kyy =1.2-107% - (T/300) ; [2

R34. HOF + Oz = 05 + H20 ; kaa = 210710 (T/300)"” ; [3]

R35. HsO" +e— H + Hy0 ; kgs = 1.3-107° - (T/300)™” ; [4]

R36. H3O" + HyO + M — H50F + M ; ksg = 3.4- 10727 - (T/300)*° ; [2]

R37. H;Of +e— H + H,0 + H0 5 kgy = 2.7-107% - (T/300)™° ; [4]

R38. HsOF + HyO + M — H7;0§ + M ; ks = 2.3-10727 - (1/300)°° ; 2]

R39. H,05 +e — H + HyO + HyO + HyO ; kgg = 4.6 - 1075 - (7/300)°° ; [4]
R40. H70§ + Hy0O + M — HoOF + M ; kyo = 2.4-10727 - (1/300)°° ; 2]

RAL HyO +e— H + Hy0 + HyO + Ho0 + H20 ; kay = 7.5-107° - (T/300)*° ; [4]
R42. Of +e+e— Oy +ec; kay = 107" (300/T)"" ; [1]

R43. OF +e+M = Oz + M ; kyz = 6-1027 - (300/T2)*? ; [1]

Rdd. Of +e =0+ 0 ;5 kyy=2-1077-(300/T) ; 1]

R45. OF + Hy0 + Ny — O3 (H0) + Ny ; ks = 2.8 - 107 ; [4]

R46. OF + H0 + Oz — OF (H20) + Oy ; kag = 1.9-107% ; [4]

RAT. OF + No+ No — Of No + Ny ; kar = 0.9- 10720 - (300/T)° ; [1]

R48. OF + Ny = NO + NO* ; kys = 1-1077 - (T/300)"7 ; 1]

R49. OF + NOy — O3+ NO% ; kyg = 11071 - (T/300)*° ; [1]

R50. OF + N = O+ NO™ ; kso = 1.2-1071° - (7/300)°° ; [2]

R51. O + NO = Oy + NOT ; kgy = 4.4-1071° - (T/300)*° ; [1]

R52. OF + O+ 03 = Of + 03 ; kso = 2.4-107° - (T7/300)* ; [1]

R53. OF (H20) + e — Oy + Hy0 ; kyz = 1-107% - (T/300)*° ; [1]

R54. OF (Hy0) + Hy0 — H3OF(OH) + Oy 5 sy = 1.9 - 1079 - (T/300)™ ; [1]
R55. OF (H20) + HyO — H3O0F + OH + Oy 5 kss = 210710 (T/300)™” ; [2]
R56. OF Ny + Oy — OF + Ny ; ksg = 1072 - (T/300)*° ; 1]

R57. Of N+ e — Oz + Ny ; ks = 1.3-107% - (300/7.)/*) ; [1]

R58. N +e+e— e+ Ny j kss =107 (300/7.)% ; [1]

R59. N +e+ M — No+ M ; ksg = 610727 - (300/T.)*? ; 1]



R60. N +e— N+ N ; koo = 4.8-1077- (300/T.) % 5 [1]

RGT. Ny + Np+ Np = N+ N 5 by =510 ; [2]

R62. Ny + N+ Ny — Ny + Ni 5 kgp = 0.9 - 10729 . ¢400/T ; [1]
R63. Ni + N = N* 4 Ny s gy = 24107 - T ; [1]

R64. Nj + NO — NOt + Ny ; kgy = 3.3-10710- (1/300)*° ; [1]
R65. Ny + Oa — OF + Ny ; kgs = 6- 107 - (300/7)*° ; 1]

R66. Ny + 03 = 05 + 0+ Ny i ks = 1-10710 - (1/300)"° ; [1]
R67. Njf + O — NOt + N ; ker = 1.3-107° . (300/7)%° ; [1]

R68. Ny +0 = OF + Ny : kgs = 1107 - (300/7)°% ; [1]

R69. Ny +e— No+ N ; kgo = 21077 - (300/T)"? ; [1]

R70. Ni + NOy = NO* + NO + Ny ; kg = 7- 10711 (T/300)™” ; [1]
R7L. N +0s = Of + N+ Np ; kyp = 2.3-1071 - (1/300)°° ; [1]
R72. Njf +e— Ny + Ny ; ko = 21075 - (300/7.)% ; 1]

R73. Nj + N — Nt + Ny + Ny ; kg = 1071 (T/300)"° ; [1]

R74. Nif + NO — NO* + Ny + Ny ; kpy = 4-10710 - (T/300)°° ; [1]
R75. Nj + O3 — OF 4+ Ny + Ny 5 kys = 2.5- 10710 - (1/300)"° ; [3]
R76. N7 +0 — O + Ny + Ny ; kg = 2.5- 1070 (T/300)*7 ; [1]
R77. N* +0 = OF + N s kep = 1- 10712 (T/300)"7 ; [1]

R78. N+ +ete— e+ N ke =107 (300/7.)% ; [1]

R79. N* +e+M — N+ M ; kzg = 6-10727 . (300/7.)*? : [1]
R80. Nt 4+ Ny + Ny — No + N5 ; kgg = 0.9 - 10722 . £400/T . [1]
R8L. Nt + N+ M — Nj + M ; ks = 10722 - (T/300)%° ; [1]

R82. Nt + NO — Ny +O% ; kgy =1-10712. (T/300)0'5 ]

R83. N* + NO = N + 0 ; ksy = 31072+ (1/300)*% ; [1]

R84, N* + NO — NO* + N ; kgg = 8-107'0 - (7/300)* ; [1]

R85. N* + 0+ M — NO* + M ; ks = 1072 - (T/300)"° ; [1]
R86. NT + 0z = N+ 0F 5 kgo = 2.8-10710- (T/300)" ; [2]

R87. N* 4+ 0y — NO* + 0 ; kgy = 2.5-1071° - (7/300)°° ; [1]

R88. N* + 0y = OF + NO ;5 kss = 2.8-107" - (7/300)" ; [1]

R89. Nt + 03 = NOT + 0y 5 kgg = 5- 1070 - (T/300)"” ; [1]

R90. NO¥ +COy + M = CONOT + M ;5 koo =710~ (T/300)" ; 2
ROL NOT +e+e— NO+e s ko =101 (300/T.)"" ; [1]

R92. NOt +e+M - NO+M : kg =6-10727. (300/Te)(3/2) 1]

R93. NO* +e— N+0; kg =4-107" - (300/T2)"7 ; [1]



R94. NOT + Hy0 + M — (HyO)NO' + M ; koy = 1.8-107%% ; [2]
R95. NO* + NO; — NOy + NO ; kos = 1.7-1077 - (1/300)* ; [1]
R96. NO* + NO3 — NO3 +NO ; kog = 3.4- 1075 - (T/300)* ; [1]
RI7. NOT 4 Oy + Ny = NO*Oy + Ny 5 ko = 3- 10721 - (T/300)* ; [1]
RI8. NO* + O3 + 02 = NO+O + Oy ; kgg = 0.9- 10731 - (T/300)*° ; [1]
R99. NOt 4+ Ny + Ny — NOtNy + Ny ; koo = 2-10731 - (300/T)** ; [1]
R100. NO* N + ¢ = NO + Ny ; kioo = 1.3-107° - (300/7.) /%) ; 1]
R101. NO* Ny + Hy0 — (HyO)NOt + Ny 5 kioy =1-1079 - (T/300)0'5 11
R102. NO* Ny + 05 = NOT + N + 05 5 kigs = 1077 (T/300)™” ; [1]
R103. NOtOy+e— NO+ 05 ; k1o =1.3-107% . (300/Te)(1/2) 1]
R104. NOtOs+ Oy — NOt + Oy + Oy ; kiga = 1072 - (T/300)*° ; [1]
R105. OF + Ny + M = NO¥ + N+ M ; ko5 = 6- 107 (300/7)" ; [1]
R106. OF + Ny — NOT + N ; kigg = 310712 . ¢70-00311-T" . [1]
R107. O + NO — NOT + 0 ; kygr = 2.4- 107" - (1/300)"° ; [1]
R108. O+ NO — OF + N ; kios =3-107"- (T/300)O‘5 ;1]
R109. Ot + 0y — O + OF ; kigo = 3.3- 10711 . ¢=0-00169-T . [q]
R110. OF + 03 = 02+ OF 5 kg = 1-1071 - (T/300)"7 ; [1]
RIIL. Ot 4+ 0+ M —OF + M ; kyyy =1-1072. (T/300)U‘5 (1]
R112. OF + N+ M = NO* + M ; kup = 1-107% - (7/300)°7 ; [1]
R113. Ot +e+e—e+0; ks =10""" (300/Te)(9/2) ; 1]
R14. OF e+ M = O+ M ; kg = 6107 (300/7.) % s [1]
R115. Of + €= Oy + Oy ; kiis = 1.4-107% - (300/T.)"” ; [1]
R116. Of + H>0 — OF (H20) + Oa ;5 kyig = 21077 (1/300)"° ; [2]
RI117. Of + NO = NOT + Oy + Oa ; ki17 = 10710 - (7/300)"” ; [1]
R118. Of + 0 — OF + O3 ; k11s = 3-1071° - (T/300)*° ; [2]
Negative ion chemistry:
R119. CO; + NO — NO; +COy ; k119 = 1.1-107*. (T/300)0'5 2]
R120. CO3 + 0 — 05 +CO3 ; kizo = 1.1-1077 - (T/300)* ; [2]
R121. CO; + NO = NOy + CO; ; kizi = 4.8- 1071 - (T/300)*7 ; [4]
R122. CO; +0 = CO5 + Oy ; kizp = 1.5-107'0 - (T/300)"” ; [4]
R123. NOy + H = OH™ + NO ; kioz =3-1071° - (T/300)"7 ; [2]
R124. NOy +NOy = NO3 + NO 5 kiaa = 41071 (7/300)"7 ; [1]
R125. NOy + NO3 — NOy + NOj ; ko5 = 510710 (7/300)*° ; [1]

R126. NO, + 03 = NOz + Oz ; kizg = 18- 1071 (T/300)" ; [1]



R127. NOy +0 = NOz + e ; kiar = 1072 - (T/300)"” ; [1]

R128. NOy + NO = NO; + NOy ; ki = 31071 (1/300)"° ; [1]
R120. OH™ + H = H20 + e 5 king = 1-107° - (T/300)°7 ; [4]

R130. OH  +O0 — HOy +e¢ ; kizo =4-10719. (T/300)0'5 (2]
RIBL 07 + N = NO + e ; kig = 2.6- 107" - (T/300)°” ; [1]

R132. 07 4+ NOy = NO; + 0 ; kigo = 1.2-107° - (7/300)™° ; [1]
R133. O~ + NO+ M — NO; + M ; kyzz = 10729 - (T/300)"° ; [1]
R134. O~ + NO — NOy + ¢ ; kizg = 2.6 - 10710 . (T/300)°° ; [1]
RI135. O7 + Oy + M — O3 + M ; kizs = 1.1-107%0 - (300/7) 5 [1]
R136. O~ + Oy — Oy + O ; kyzg = 10710+ (T/300)™” ; [1]

R137. O~ +03 = O3 +e; kigr=5-1071°. (T/300)°'5 L1

R138. O~ +03 - O+ O3 ; kizgs =8~ 10-10. (T/300)°'5 2]

R139. O~ +0 = Oz + ¢ ; kyzg=5-10719. (T/300)0'5 1]

R140. Oy + Ny = Og + Ny + e ; kigo = 1.9- 10712 . (T/300)% - ¢=499/T . [1]
R141. Oy + N = NOy+e; ki = 510710 (1/300)7 ; [1]

R142. Oy + NO3 = NOg + O ; k142 = 8 - 1010 (T/300)0'5 (1]
R143. O; + NO3 = Oy + NOj ; kygz = 510710 (T7/300)™” ; [1]
R144. Oy +Os(a) = Oz + Oz + ¢ 5 kuaa = 2- 10710 (T/300)™7 ; [3]
R145. Oy + Oz = Oz + Oz + € ; kyas = 2.7- 10710 - (T/300)*° - e5990/T ; [3]
R146. Oy + 02+ 03 = O + Oz ; kge = 41073 - (T/300)*° ; [3]
R147. O3 + O3 = O3 + Oz ; k147 = 3.5 - 1010 (T/300)0'5 (1]
R148. Oy +0 = Oy + 07 5 kias = 3.3- 10717 (7/300)"7 ; [1]

R149. Oy +0 = O3+ e 5 kiag = 2.5-1071 - (7/300)" ; [1]

R150. O3 +COy — CO3 + Oz ; kiso =4-10710. (T/300)° ; [2]

R151. O3 + NOy = Oy + NOj ; kis1 = 2-107 - (7/300)°° ; [1]
R152. O3 + NOy — Os + NOj ; kisz = 7-1070 - (T/300)*° ; 1]
R153. O3 + NO3 — O3+ NOj ; kiss = 5-1071 . (7/300)"° ; [1]
R154. OF + NO — NO3 4 Os ; kisa = 2.6 - 10712 . (7/300)°” ; [1]
R155. O3 + NO — NO3 4 O ; kyss = 1- 107 - (1/300)%° ; [1]
R156. O3 + O — Oy 4 Oy ; kisg = 1-1071° - (T/300)*° ; [1]
R157. O3 + 0 = Oy + Oy + ¢ ; kisy = 3-10710 - (7/300)° ; [1]
R158. O + COy — CO; + Oy ; kyss = 4.3- 10710 (17/300)%° ; [2]
R159. Of +M — Oy + Og 4 M ; kys = 10710 . ¢=1044/T . 7]
R160. O + NO — NO3 + O3 ; kg0 = 2.5- 10710 . (7/300)°” ; [1]



R161. Of + 0z = 0y + 05+ 01 ; kigy = 241071 (7/300)" ; [1]

R162. Oy +0 — O3 + Oy ; kigz =4-107" (T/300)0‘5 ;1]

R163. Oy +O0 - 07 + 02+ O3 ; kig3 =3 - 1010 (T/300)°'5 C 1]

RI64. e+ Ny + Oz = Na 0y 3 kigs = 1071071 (300/T,)* - 7 T0/T . 1200 (D) ]

R165. e+ O3+ O3 — O3+ O3 ; kigs = 10731 1]

R166. e+ Oq+ O — Oy + O ; kyge = 1.5- 10731 . (T/300)0'5 1]

RI67. e+ 02+ 0 — O~ + Oy ; kigr = 1.5- 10731 - (T/300)° ; [1]

R168. e+ O3 — Oy + O~ ; kigg = 10711 - (T/3OO)O'5 (1]

R169. €+ 03 — 05 + O ; kigo = 1072 - (T/300)*° ; [1]

R170. e+ Og+ O3 — Oz + O3 ; kigg = 1.4- 10729 . (300/T,) - e~ 600/ . £700-(Te=T)/(Te-T) . [1]
Ground state chemistry:

RI7L. H + HOy = Oz + Hz ; ki = 5.6 - 107" (T/300)"” ; [3]

R172. H+ HOy — OH + OH ; kizy = 7.3-10~'1 - (T/300)%° ; [3]

R173. H+ O3 — Oz + OH ; kig3 = 1.4- 10710 . =470/ 1 [3]

R174. HOy + HOo — Oy + HyOy ; ky7q = 2.3 - 10713 . €590/T  [2]

R175. N4+ N+ M — Ny + M ; k75 = 8.27 - 10734 . £590/T . 1)

R176. N + NO; = Ny + Os ; kizg = T-107 1 - (7/300)* ; [2]

R177. N+ NOy — Ny + O + O ; kizr = 9.1-1073 - (7/300)° ; [2]

RI78. N +NO; — NO + NO ; kizs = 2.3- 10712 (T/300)"" ; [2]

R179. N+ NO — Ny + O ; kyzg = 1.05- 1072 . 795 . (T/300)°° ; [1]

RI180. N +03 = NO + Oy ; kiso = 2- 10719 (T/300)"7 ; [2]

RI181. N+ O+ M — NO + M ; kyg; = 1.76 - 10731 . 7(=0-5) ; [1]

R182. N+ O3 = NO+ O ; kigp = 4.5-107 12 . ¢73220/T  [1]

R183. NO +NO3 = NOy + NOy 5 kigs = 1.7-1071" - (T/300)"7 5 [1]

R184. NO + O3 — Oy + NOy ; kigg = 4.3 - 10712 . ¢~ 1560/T . [1]

R185. NOs + NO3 — Oy + NO + NOy ; kigs = 2.3 - 10713 . ¢=1600/T . 1]

R186. NOy + O3 — Oz + NOs ; kigg = 1.2 - 10713 . e72450/T . [1]

R187. NOs+ NO3 — Oy + NOy + NOy ; kygr = 5- 10712 . ¢=3000/T . 7]

R188. Oy + H+ M — HOy + M ; kigg = 5.94- 10732 (300/7T) ; [3]

R189. Oy + H+ M — HOy + M ; kygg = 5.94-107%* - (300/T) ; [3]

R190. O+ HOy — Oy + OH ; kygg = 3 - 1071 . ¢200/T ; [2]

R191. O+ Ny + 09 — O3 + Ny ; k191 = 6.2+ 10734 . (T/300)0'5 11

R192. O+ NOg — NO + Os ; k1go = 1.13 - 1011 . (T/lOOO)O'ls (2]

R193. O+ NO3 — Oy + NOy ; kigz = 10711 . (T/3OO)0'5 1]

R194 O + 02 + OQ — 03 —+ 02 ; k194 — 69 . 10—34 . (T/300)05 ; [1]



R195.
R196.
R197.
R198.
R199.
R200.
R201.
R202.
R203.

O+ 03— O3+ 05 ; kigs =8- 10712 . ¢—2060/T ; [1]
O+OH+M — HOy + M ; kg = 1-107°% - (T/300)"” ; [1]
O4+OH — O3+ H ; kig7 =22 10711 . 117/T : [2]

O+O0+4M—Os+ M ; kgs =1.9-10730 . ¢=170/T /T 1 2.4.10733 . (300/7)*

OH + H + Ny — H20 + Ny ; kigg = 6.88 - 10731 - (T/300)* ; [3]
OH + H + Oy — Hy0 + Oy ; kago = 6.88 - 10731 - (T/300)” ; [3]
OH + HOy = Oy + H0 ; kyoy = 1.7-107 1. 250/T ; [2]
OH + 03 — Oy + HOy ; kypy = 1.6 - 10712 . ¢7940/T . [9]
OH +OH — O + HyO ; kgo3 = 4.2 - 10712 . ¢=240/T , [3]

Active state chemistry:

R204.
R205.
R206.
R207.
R208.
R209.
R210.
R211.
R212.
R213.
R214.
R215.
R216.
R217.
R218.
R219.
R220.
R221.
R222.
R223.
R224.
R225.
R226.
R227. N

R228.

O3(a) + Ny — Og 4+ Ny ; kggs = 3-1072L. (T/300)°'5 1]

O2(a) + O3 — Oy + Oy ; kogs = 2.2+ (T/300)°° - 10712 ; [1]

O2(a) + O = O3+ O ; ko =T7-10710 - (T/300)%° ; 2]

Os(a) + NO = O3 + NO ; ooy = 246 - 10717 - (T/300)"” ; [2]

Os(a) + O3 = Oy + Oy + O ; kogg = 1.7- 10718 . ¢=1564/T . [1]

Oz(a) + N = NO + O ; kygg = 210715 . ¢=600/T" . []

Os(a) + O3 — Oy + Oy + O(1D) ; kajp = 5.2 - 10711 . ¢=2840/T . [9]

Os(a) + Oz(a) + Oz = O3 + O ; kony = 1-107" - (T/300)™” ; [2]

Oa(a) — Oz + hv(O2IRAtm) 5 koo = 2.22-1074 ; [2]

Os(b) = Og + h(O9Atm) ; koyz = 7.7-1072 ; [2]

O3(b) + Ny — Oa(a) + Ny 5 kapg = 4.9-10715 . =253/ [1]

Os(b) + O — Os(a) + Oy ; kars = 1.63- 10722 . ¢=253/T . (T/300)>* ; [2]

O2(b) + O = Oz(a) + O ; karo = 8- 107 - (T/300)° ; [2]

O3(b) + NO — Os(a) + NO ; kayz = 4-107 - (7/300)°° ; [2]

O2(b) + O3 = Oz + Oz + O 5 kas = 1.8 - 10711 - (T/300)™ ; [2]

Na(A) + 0 = NO + N(D) ; ko = 7- 107" - (T/300)" ; [2]

Na(A) + O3 = N2O + 0 ; ko = 7.8- 1071 (T/300)* ; [2]

No(A) + Oz — No+ 0+ O ; kaoy = 1.63- 10712 (T/300)™° ; [2]

No(A) + NoO = NO + Ny + N ; kggy = 1-10711 - (1/300)%° ; [2]
(
(
(
(
(
(

No(A) + Oy = Ny + Oy ; kagz = 2.54- 1072 (T/300)°° : [2]

)

)

)

)

)
Na(A) + Ny — Ny + Na ; kgoy = 3-10718 . (7/300)°° ; [2]
No(A) + Oy = Ny + O3(a) ; kags = 1.29-10712 - (T/300)°° ; [2]
Ny (A) + Oz — No + Oa(b) 5 kaog = 1.29- 10712 (T/300)*° ; [2]
A) + Os(a) = No(B) + Oy ; kgor = 1-10710-(T/300)* ; [2]

)

N3(A) + No(A) — No+ No(B) ; kasg = 3 - 1010 (T/3OO)O'5 L [2]

s [1]



R229. Na(A) + Na(A) = Na + No(C) ; kazg = 1510710 - (T/300)" ; [2]
R230. Na(4) +0 = N+ O(*S) : kazo = 21071 (1/300)" ; [2]
R231. Ny(A) + NO — Ny + NO ; ka1 = 7-107* - (7/300)"” ; [2]

R232. Np(B) + Nz = Na(A) + Na ; kasz = 5- 1071 (T/300)"7 ; [2]

S

R234. Ny(B) + NO = Na(A) + NO ; kasy = 2.4- 1071 - (T/300)"” ; [2]
R235. NQ B —+ 02 — N2 —+ [0) + O : k235 =3. 10—10 (T/300)05 ; [2]

(
(
(
(
R233. Na(
(
(
R236. Na(C) — No(B) + hv(2PN>) ; kaze = 3 - 107 ; [2]
(

)
)
)
)
) = Na(A) + h(1PNy) ; kg = 1.5+ 10° ; [1]
)
)
)
)

R237. N3(C) + O3 — Na + O('S) + O ; kagr = 310710 - (T/300)™ ; [2]

R238. N(zD) + NoO — NO + Ny ; kogg = 3 - 10~12. (T/300)05 : [2}
(

R239.

=

2D) + 0y = NO + O ; kygo = 1.5-10712 - (T/300)"° ; 2]

R240. N(*D) + Oz = NO+O('D) ; kaao = 61072 (T/300)"” ; 2]

=

(
R241. N(°D) + NO = N + O 5 kaar = 6- 107" - (7/300)"” ; [1]
R242. N(2D) + Ny = N + Ny ; kzao = 6- 107" - (7/300)" ; [2]
R243. N(

=

2D)+ 0 — N +O('D) ; kyas = 4- 1073 (1/300)* ; [2]

R244. O(*

o)

+ N2O = NO 4 NO ; kgas = 7.2-107"1 - (T/300)°° ; [2]

R245. O(*

o)

+ NoO — Ny + Os 5 kpas = 4.4- 10711 (7/300)*° ; [2]
R246.

o)

+ O3 = O + Og(b) ; kage = 2.6 - 10711 . 57/T ; [1]

1

R247. O

D
D
'D
D)+ Ny — O+ Ny ; kpgr = 1.8- 10711 . 107/T . 1]
D

R248. O(*

o)

R249.

)

D)+ 03 = O+ 02+ 0 ; kaag = 1.2- 10710 - (T/300)"7 ; [2]

R250.

o)

D) + O3 = Oy + Os ; kago = 1.2-10710 - (T/300)° ; [2]
R251. O('D) + NO = N + O ; kzsy = 1.7-107" - (7/300)" ; [2]

)
)
)
)
)+ Oy = O+ Oy ; kagg = 6.4-10712 . 67/ [1]
)
)
)
R252. )

O('D) — O + hv(630nm) ; kasa = 9.1-1079 ; [2]

1

R254. O + Ny = O+ Ny ; kasa = 5-10717 - (T/300)"° ; [2]

R255. + 0y — O(lD) 4+ O3 ; koss = 4.3 - 10712 . ¢—850/T : [1]

o)

R256. O(*

)

S
S
LS
S)+ 03 = O(*D) + 02+ O ; kass = 5.8 - 1070 - (T/300)* ; [2]
s

R257. O + 035 — Oy + Oy ; kysr = 5.8-10710 . (T/300)°° ; 2]

R259. O(*8) + NO = O(*D) + NO ; kasg = 3.2-10710 - (7/300)" ; [2]
R260. O('S) + NoO — O + NoO ; kago = 6.2 - 10712 - (7/300)°° ; [2]

1

R261. O('S) + N20 = O('D) + NyO ; kagr = 3.1- 10712 (T/300)" ; [2]

R262. O('S) + Oa(a) = O(' D) + Oa(b) 5 kaga = 3.6 - 1071 (7/300)° ; [2]

1

(
(
(
(
(
(
(
(
(
R253. O(15)
(*S)
(*S)
)
(*S)
R258. O(1S) + NO — O + NO ; kyss = 1.8 - 10710 - (T/300)° ; [2]
)
(*S)
)
(')
)

R263. O +O03(a) > O+ 0+0 ; kygs =3.4-1071. (T/300)O'5 (2]



R264. O('S)+ 0O = O(*D) + O ; kogg = 5-10711 . ¢=301/T . [9]
Ton-ion recombination:

R265. A=+ B* — A+ B ; kags = 2 x 1077+ (300/7)%° ; [1]
A= 05,07, 05, NO~, NOy, NOj, NyO~
B*: Nj, Of, N*, 0%, NO*, NOJ, N>,O*
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2 Photochemistry

Table 1: Colliure photochemistry
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reaction 50 km 52 km 54 km 56 km 58 km
P1 NO = e+ NOT 2.977-107% [ 5.888 10738 [ 2.498- 10730 | 1.117-10~%* | 1.715-10~%°
P2 O, -+ 0+0 2.309-10719 | 2.902- 10719 | 3.461-10710 | 3.987-10710 | 4.621-10~1'°
P3 O3 — O + Oy 5.675-107* | 6.165-10"* | 6.658-10~* | 7.202-10~* | 8.126-10~*
P4 O3 — O(*D) + O, 1.209-1073 | 1.661-103 | 2.123-1073 | 2.632-1073 | 3.468 1073
P5 NO—-N+O 1.256-1077 | 1.824-10~7 | 2.511-1077 | 3.319-10"7 | 4.327-10~7
P6 NOy - NO+O 1.023-1072 | 1.025-102 | 1.026-1072 | 1.026-102 | 1.027-102
P7 NO3; = NO + Oy 2.313-1072 | 2.304-1072 | 2.291-1072 | 2.276-1072 | 2.272-1072
P8 NO3 =+ NOy; + 0O 1.750 107" | 1.744-10~% | 1.735-107' | 1.724-10"' | 1.721-10!
P9 N2O — Ny + O(*D) 1.889-1077 | 2.211-1077 | 2.507-1077 | 2.778-10"7 | 3.057-1077
P10 H,O - OH+H 1.076-107'2 | 2.820-107'2 | 6.448-107'2 | 1.342-10~'' | 2.972-10~ 1!
P11 H>O — Hy +0O('D) 1.879-107%8 | 3.717-10738 | 1.577-1073% | 7.054-102° | 1.083-10=2°
P12 H,O—-H+H+0 2.255-1078 | 4.460-1073% | 1.892-1073° | 8.464-1072° | 1.299.10720
P13 HO, - OH +0O 1.555-10* | 2.006-10~* | 2.431-10~* | 2.836-10~* | 3.360-10~*
P14 H,0, — OH + OH 3.173-1075 | 3.794-1075 | 4.383-107° | 4.965-107° | 5.791-107°
P15 COy - CO+0 1.580-10710 | 1.942-1071° | 2.280-10"19 | 2.609-10~'° | 3.070- 1010
P16 COy — CO+O0('D) 3.193-1077 | 8.483-107°6 | 1.985-10** | 1.117-107%3 | 5.318 -1073°
P17 O~ —e+0 1.510 1.509 1.506 1.502 1.503
P18 Oy — e+ 0y 42241071 | 4.229-107! | 4.228.107" | 4.224-10"" | 4.234-107"
P19 O3 = O~ + 0, 5.166-10"' | 5.170-10~! | 5.168-10"! | 5.162-10~" | 5.171-107!
P20 O; — e+ 03 2.719-1072 | 2.721-1072 | 2.720-1072 | 2.717-1072 | 2.722-1072
P21 O;f —e+2-0 4.180-107' | 4.193-107! | 4.199-10"' | 4.201-10"" | 4.218-107!
P22 CO; — O™ 4+ CO, 1.668 -10~% | 1.666-10~! | 1.661-10~! | 1.655-107! | 1.656-10"!
P23 | CO; - e+COs+ 0y | 4.400-1072 | 4.504-1072 | 4.590-10"2 | 4.665-1072 | 4.783-1072
P24 OH™ —w e+ OH 1.096 1.094 1.090 1.085 1.084
P25 NO~ = e+ NO 3.206 3.202 3.194 3.184 3.183
P26 NO; = e+ NOy 1.163-10~' | 1.175-10~% | 1.184-10"' | 1.192-107' | 1.205-10"!
P27 NO; — e+ NO; 1.194-1072 | 1.265-10"2 | 1.328-1072 | 1.389-10"2 | 1.479-102
P28 Of — 0F +0, 5.360-107' | 5.353-10"! | 5.343-10~! | 5.331-10~! | 5.328-10"!
P29 | OF (H20) — HyO% + Oy | 4.681-1071 | 4.675-107% | 4.666-107' | 4.654-10"! | 4.652- 1071




Table 2: Colliure photochemistry

60 km 62 km 64 km 66 km 68 km 70 km
Pl [ 2165-10717 | 4.294-10"™ | 2.162-10-13 | 3.942- 1012 | 3.386- 10T | 1.666 - 10~ 10
P2 | 5.255-10710 | 5.845-10710 | 6.415-1071° | 6.997-10"1° | 7.635-10"1° | 8.400-10"1°
P3 | 9.153-10~* | 1.007-1073 | 1.083-10"° | 1.138-10=3 | 1.173-10~2 | 1.192-103
P4 | 4394-1073 | 5.225-1072 | 5.910-1072 | 6.412-10~2 | 6.728-10"3 | 6.902-1073
P5 | 5516-1077 | 6.925-10"7 | 8.615-10~7 | 1.063-1076 | 1.2908-10=% | 1.564-10"6
P6 | 1.027-1072 | 1.025-1072 | 1.024-102 | 1.022-1072 | 1.019-10"2 | 1.019-102
P7 | 2.275-1072 | 2.280-1072 | 2.284-1072 | 2.289-1072 | 2.294-10"2 | 2.299 102
P8 | 1.718-10~' | 1.710-10* | 1.702-10"' | 1.693-10~' | 1.684-10"! | 1.674-107!
P9 | 3.288-10"7 | 3.454-10~7 | 3.600-10"7 | 3.730-10=7 | 3.849-10"7 | 3.975-1077
P10 | 6.071-1071 | 1.164-10710 | 2.127-10710 | 3.747-10710 | 6.413-10"° | 1.080-10~°
P11 | 1.367-10717 | 2.711-10715 | 1.365-10713 | 2.488-10~12 | 2.137-10~1! | 1.052- 10710
P12 | 1.640-10717 | 3.253-101% | 1.638 - 10~ '3 | 2.986-10"12 | 2.565-10"!! | 1.262-10~10
P13 | 3.880-10~* | 4.318-10"* | 4.666-10~* | 4.921-10~* | 5.089-10"* | 5.191-10*
P14 | 6.643-107° | 7.372-107° | 7.956-10~°> | 8.380-107° | 8.647-107° | 8.802-107°
P15 | 3.550-10710 | 3.976-10710 | 4.337-10710 | 4.628 10710 | 4.854-1071° | 5.038 - 1010
P16 | 1.580-1072% | 1.041-10"23 | 3.956-10720 | 1.782-10~17 | 1.674- 10715 | 5.164 - 1014
P17 1.505 1.506 1.507 1.508 1.509 1.509
P18 | 4.247-1071 | 4.258-10"1 | 4.267-10"! | 4.273-10"! | 4.277-10"1 | 4.279-1071
P19 | 5.184-10""' | 5.195-10~' | 5.203-10"! | 5.209-10"' | 5.213-10~! | 5.216-10~*
P20 | 2.728-1072 | 2.734-1072 | 2.739-1072 | 2.742-1072 | 2.744-1072 | 2.745-1072
P21 | 4.238-1071 | 4.254-1071 | 4.267-107! | 4.276-10"! | 4.282-10"1 | 4.285-1071
P22 | 1.659-1071 | 1.662-10"' | 1.664-10"! | 1.666-10"t | 1.667-10"1 | 1.668-10~1
P23 | 4.905-102 | 5.008-10"2 | 5.090-10"2 | 5.148-10"2 | 5.185-10"2 | 5.205-102
P24 1.084 1.084 1.084 1.084 1.084 1.084
P25 3.185 3.186 3.187 3.188 3.188 3.188
P26 | 1.218-10"1 | 1.229-107! | 1.238-10"! | 1.244-10"! | 1.248-10"1 | 1.250-1071
P27 | 1.572-1072 | 1.653-1072 | 1.718-10"2 | 1.765-10"2 | 1.794-10"2 | 1.810-1072
P28 | 5.328-10"! | 5.328-10"! | 5.328-10"! | 5.328-10"! | 5.329-10""' | 5.329.10"'
P29 | 4.652-107! | 4.653-10"' | 4.653-10"' | 4.653-10"' | 4.653-10"! | 4.654-10~*
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