Table 2.1 Thermodynamic data for atmospheric species.

From Hampson and Garvin, 1978 (and Shum and Benson, 1983, for HO,)

Species AHrD L\Gfo g0 CI?
(gaseous)  kcal/mole  kcal/mole cal/deg mol cal/deg mol
o(®p) 59.553 55.389 38.467 5.237
o('D) 104.78
o('s) 156.40
0,(°%;) 0 0 19.003 7.016
0,('a,) 22.54
02('sg) 37.51
0, 34.1 39.0 57.08 9.37
H 52.103 48.588 27.391 4.9679
H, 0 0 31.208 6.889
OH 9.31 8.18 43.890 7.143
HO,t 8.5 110 4.4 54.73 8.34
H,0 -57.796 -54.634 45.104 8.025
H,0, -32.58 -25.24 55.6 10.3
N 112.979 108.883 36.622 4.968
N, 0 0 45.77 6.961
NO 21.57 20.69 50.347 7.133
NO, 7.93 12.26 57.35 8.89
NO, 17.0 27.7 60.4 11.2
N,0 19.61 24.90 52.52 9.19
N,0, 2.19 23.38 72.70 18.47
N,O 2.7 27.5 85.0 20.2
NH 82.0 80.6 43.29 6.97
NH, 45.5 47.8 46.51 8.02
NH, -10.98 -3.93 46.05 8.38
HNO 23.8 26.859 52.729 8.279
HNO, -19.0 -11.0 60.7 10.9
HNO, -32.28 -17.87 63.64 12.75
S 65.7 56.52 40.085 5.658
SO 1.2 -5.0 53.02 7.21
S0, -70.94 -71.74 59.30 9.53
S0, -94.58 -88.69 61.34 12.11
HS 33.3 26.3 46.73 7.76
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t Shum and Benson (1983)

Brasseur and Solomon, 1986
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Appendix 3

RATE COEFFICIENTS FOR SECOND-
ORDER GAS-PHASE REACTIONS®?

Table A.3.1

Reaction A Factor E./R kogs
O + 03 — Oy + Oy 8.0x10712 2060 8.0x1071°
O(!D) + 02 — O + Oq 3.2 x 1071 70 4.0x10~1
O(!D) + 03 — 09 + O3 1.2 x 10710 0 1.2x10710
—03+0+0 1.2 x 10~10 0 12x10710
O('D) + H — OH + H 1.1 x 10710 0 1.1x10"10
O('D) + H,0 — OH + OH 2.2 x 10710 0 22x10710
O(!D) + Ny — O + Ny 1.8x10711 110 26x10°1!
O('D) + NoO — Ny + Oy 4.9 x 10711 0 49x10° 1
— NO + NO 6.7 x 10~ 11 0 6.7x10 1!
O(!'D) 4+ CH4 — products 1.5 x 10710 0 1.5x10710
O(!D) + CCly — products 3.3 x 10710 0 33x10710
O(!D) + CH3Br — products 1.8 x 1010 0 1.8x10710
O('D) + CH3Bry — products 2.7 x 10~10 0 27x10710
O(!D) 4+ CHBr3 — products 6.6 x 10710 0 6.6x10"10
O(!D) 4+ CHCIFy — products 1.0 x 10710 0 1.0x10710
O('D) + CCI3F — products 2.3 x 10710 0 23x10710
O('D) + CClyFy — products 1.4 x 10710 0 14x10710
O+ O0OH -0y +H 22x 10711 120 33 x10 M
O + HO3 — OH + Oy 3.0x1071 200 5.9x1071!
H+ O3 — OH + Oy 1.4 x 10~10 470 2.9x 10~ H
H + HO2 — products 8.1 x 101 0 8.1x 1011

@The rate constant (cm? molecule™! s™1) is expressed by k = A exp(—E, /RT), where
A, the pre-exponential factor, is given in cm?® molecule™! s71, and E, /R (activation
energy of the reaction divided by the gas constant) is given in Kelvin. The value of the
rate constant kogg at 298 K is given in cm? molecule™1 s 1.

b Sander, S.P., R.R. Friedl, D.M. Golden, M.J. Kurylo, R.E. Huie, V.L. Orkin,
G.K. Moortgat, A.R. Ravishankara, C.E. Kolb, M.J. Molina, and B.J. Finlayson-Pitts,
Chemical Kinetics and Photochemical Data for Use in Atmospheric Studies, Evaluation
No. 14, JPL Publication No. 02-25, Pasadena, Calif, USA, 2003.

From Brasseur and Solomon, 2006 (| |)
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608 AERONOMY OF THE MIDDLE ATMOSPHERE

Reaction A Factor E./R kogs
OH + O3 — HO9 + O9 1.7 x 10712 940 7.3x 10714
OH + Hy — HyO + H 5.5x 10712 2000 6.7 x 10715
OH + OH — H0 + O 4.2 x 10712 240 1.9 x 10712
OH + HO9 — Hy0 + Oy 4.8 x 1071 250 1.1 x 10710
OH + Hs09 — HoO + HO, 2.9 x 10712 160 1.7 x 10712
HO3 + O3 — OH + 204 1.0 x 1014 490 1.9 x 10715
HO5 + HO9 — Hy09 + Oy 2.3x 1071 —600 1.7 x 1012
M Hy04 + 04 1.7 x 10733 [M] 1000 4.9 x 1032 [M]

O 4+ NOg — NO + Oy 6.5 x 10712 —120 9.7 x 1012
OH + HNO3 — H20 + NO3 (see Note)

OH + HO3NO9 — products 1.3x 10712 380 4.6 x 10712
HO2 + NO — NO9 + OH 3.5 x 10712 250 8.1 x 1012
HO5 + NO3 — products 3.5 x 10712
N + Oy — NO + O 1.5 x 10711 3600 8.5 x 1017
N +NO — Ny + O 2.1x 10711 100 3.0 x 10~ 11
N + NOy — NoO + O 58 x 10712 220 1.2x 1011
NO 4+ O3 — NOg + Oy 2.0x 10712 1400 1.8 x 10~14
NO + NO3 — 2NOg 1.5 x 10711 170 2.6 x 10711
NOg 4+ O3 — NO3 + Og 1.2x 10713 2450 3.2 x 10717
OH + CO — products 1.5 x 10713 x 0 1.5 x 10~ 13x%

(1 4 0.6 Patm) (1 4+ 0.6 Patm)

OH + CH4 — CHs + H50 245 x 10712 1775 6.3 x 10715
OH + CH»0 — H0 + HCO 1.0 x 10~11 0 1.0 x 10~
OH + CH30H — products 6.7 x 1012 600 8.9 x 10713
OH + CH300H — products 3.8x 10712 200 7.4 x 10712
OH + HCN — products 1.2 x 10713 400 3.1 x 10714
OH + CH3CN — products 7.8 x 10713 1050 2.3x 10714
HOy + CH309 — CH300H + O, 3.8x 1071 —800 5.6 x 1012
NO3 + CH,0 — HCO + HNO3 6.8 x 1016
HCO + Oy — CO + HO9 5.2 x 10712 0 5.2 x 10712
CH20H + Oy — CH20 + HO9 9.1 x 1012
CH30 + O9 — CH50 + HO9 3.9x 1014 900 1.9 x 10715
CH309 4+ CH302 — products 2.5 x 10713 -190 4.7 x 1013
CH305 + NO — CH30 + NOy 2.8 x 10712 300 7.7 x 10712
O+ FO — F + Oy 2.7 x 10711 0 2.7x 1071
F 4+ O3 — FO + 09 2.2 x 10711 230 1.0 x 10~ 11
F+H, - HF + H 1.4 x 10710 500 2.6 x 10711
F + H,O — HF + OH 1.4 x 10~ 11 0 1.4x 1011
F + CH4 — HF + CH;j 1.6 x 1010 260 6.7 x 10~ 11
FO + NO — NOg + F 8.2x10712 300 2.2 x 10711
FOs + NO — FNO + O, 7.5 x 10712 690 7.5 x 10713
CF30 + O3 — CF305 + Oo 2 x 10712 1400 1.8 x 10~14

From Brasseur and Solomon, 2006
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APPENDIX 3 609
Reaction A Factor E./R ko9s
CF30 + NO — CF50 + FNO 3.7x 1071 -110 5.4 x 10711
CF30 + CH4 — CF30H + CHj 2.6 x 10712 1420 22x 1071
CF3505 + O3 — CF30 + 20, <3x10715
CF305 + NO — CF30 + NOy 54x 10712 320 1.6 x 101!
OH + CF3CHsF (HFC-134a) 1.05 x 1072 1630 4.4 x 10715
— Hy0O + CFchF
O + ClO — Cl + Oy 3.0 x 1071 70 3.8x 10~ M
O + OCIO — ClO + Oy 2.4 x 10712 960 1.0x 10713
O + HCl — OH + Cl 1.0 x 10~ 1 3300 1.5 x 10716
O + HOC! — OH + ClO 1.7x 10713 0 1.7x10713
O + CIONOy — products 2.9 x 1012 800 2.0x 10713
OH + ClO — Cl + HO, 74x10712 270 1.8x 101!
— HC1 + O9 6.0x10~13 230 1.3x10712
OH + OCIO — HOCI + O9 4.5 x 10713 -800 6.8 x 10712
OH + HCIl — Hs0 + Cl 2.6 x 10712 350 8.0x10713
OH + HOC1 — H0 + ClO 3.0 x 10712 500 5.0 x 10713
OH + CIONOy — products 1.2 x 1012 330 3.9x10°13
OH + CH3Cl — CH,Cl + Hy0 2.4 x 10712 1250 3.6 x 10714
HO5 + Cl — HCI 4 O9 1.8 x 10~ 1 170 32x 10~ M
— OH + C10O 4.1 x 10~ 11 450 9.1 x 1012
HO5 + ClO — HOCI + Oy 27x10712 220 5.6 x 10712
Cl + O3 — ClO + Oy 2.9 x 10~ 1 260 1.2x 1011
Cl + Hy — HCl + H 3.7x 1011 2300 1.6x 1014
Cl + HoO5 — HCI + HO9 1.1x 1011 980 4.1 x 10713
Cl + CH4 — HCI 4+ CHj 1.1x 1011 1400 1.0x 10713
Cl + CH»0 — HCl + HCO 8.1x 1011 30 7.3x1071!
Cl + OClO — ClO + ClO 3.4x 1011 -160 5.8 x 10~ 11
ClO + NO — NOg + Cl 6.4x10"12 290 1.7x10°1!
ClO + ClO — Cly + O9 1.0 x 1012 1590 4.8 x 10715
— Cl00 + Cl 3.0 x 10711 2450 8.0 x 10719
— OCIO + Cl 3.5 x 10~13 1370 35 x 10715
OH + CHF3Cl (HCFC-22) 1.0x 10712 1600 4.7 x 1071
— CF2Cl + Ho0O
OH + CH3CFCly (HCFC-141b) 1.25 x 10712 1600 5.8 x 10715
— CH9CFCly + H50O
OH + CH3CF5Cl (HCFC-142b) 1.3x 10712 1770  34x10°1°
— CH2CF5Cl + Ho0O
O + BrO — Br + Oy 1.9x 10~ 1 230  41x10" M
OH + HBr — Hy0 + Br 1.1x 1011 0 11lx10~ M
OH + CH3Br — CHyBr + Hy0 2.35x 1072 1300 3.0x 10"
HO5 + Br — HBr + Oy 1.5x 1011 600 2.0 x 1012
HO2 + BrO — products 3.4 x 10712 -540 2.1 x 10~ 11

From Brasseur and Solomon, 2006
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610 AERONOMY OF THE MIDDLE ATMOSPHERE

Reaction A Factor E./R ko9gs
Br + O3 — BrO + Oy 1.7x 10~ 11 800 1.2x 10712
Br + HoOy5 — HBr + HO- 1.0x 10711 >3000 <5x10"16
Br + CH,0O — HBr + HCO 1.7 x 10~ 11 800 1.1 x 10712
BrO + O3 — Br + 20, ~1.0x1071 >3200 <2x10"17
BrO + NO — NOs + Br 8.8 x 10~ 12 260 2.1x 101
BrO + ClO — Br + OCIO 9.5 x 1013 ~550 6.0 x 1012
— Br + Cl00 2.3 x 10712 260 5.5 x 10712
— BrCl + O, 4.1 % 10713 —290 1.1 x 1012
BrO + BrO — 2Br + O, 2.4 x 10712 40  2.7x 10712
— Bry + 09 2.8 x 10714 860 5.0 x 10713
OH + OCS — products 1.1 x 1013 1200 1.9 x 10715
S+ 09 —S0O+0 2.3 x 10712 0 23x10712
SO + 09 — SOy + O 2.6 x 10~13 2400 8.4 x 10717
SO + O3 — SO3 + 09 3.6 x 1012 1100 9.0 x 1014

Note:

temperature and pressure and can be obtained as follows:

k(M,T) = kg +

From Brasseur and Solomon, 2006

koks3[M]
ko + k3[M]

where kg = 7.2 x 107 exp (785/T)

ko = 4.1 x 10716 exp (1440/T)
kg = 1.9 x 10733 exp (725/T)

The rate coefficient for this reaction is a complex function of



Appendix 4

RATE COEFFICIENTS FOR GAS-PHASE
ASSOCIATING REACTIONS @b

Table A.4.1

Reaction Low-Pressure Limit High-Pressure Limit

kgoo n k:g’go m
0+ 0y 2 0y 6.0x10-3% 24
H+ 0y 2 HO, 57x10732 1.6 75x1071 0
OH + NO» M HNO3 2.0x 10730 3.0 25x 10711 @
HOy + NO» ¥ HO,NOy  1.8x 10731 32 47x10712 14
NOy + NO3 2 NyO5 20x 10730 4.4 1.4%10~12 07
CHs + 05 2 CH50, 45% 10731 3.0 1.8x10°12 1.7
FO + NOs X FONO, 26x10731 1.3 20x10711 15
Cl0 + NOs X cl0NO, 1.8x 10731 34 15x10°11 19
10 + 10 X 1,0, 1.6 x 10732 45 20x 10712 24
BrO + NOs ¥ BrONOy  52x 10731 3.2 69x 10712 29
OH + SO X HOSO, 3.0x10731 3.3 1.5x 10712 0

@The rate constant (expressed in cm® molecule™ s™1) is given by

B ko (T)[M]
k(M,T) = (1 + ko(T)[M] /koo (T)

where [M] is the air density (molecules cm™3), and T is the temperature (kelvin).
ko is expressed in em® molecule 2 s_l7 and koo in cm?® molecule=! s~ 1. ko(T) =
k300(T/300) ™™, koo (T) = k399(T/300) ™.

b Sander, S.P., R.R. Friedl, D.M. Golden, M.J. Kurylo, R.E. Huie, V.L. Orkin,
G.K. Moortgat, A.R. Ravishankara, C.E. Kolb, M.J. Molina, and B.J. Finlayson-Pitts,
Chemical Kinetics and Photochemical Data for Use in Atmospheric Studies, Evaluation
No. 14, JPL Publication No. 02-25, Pasadena, Calif, USA, 2003

) 0,611+ 10810 (ko (T) M) /leoe (T}

From Brasseur and Solomon, 2006 (V|)
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Equivalent bimolecular rates for termolecular reactions

z(km)  Kequin(NyO5) Kequiv(HNOg)  K"equin(HOnNO,)  k¥equin(CIONO,)

10 1.47 (-12) 1.27 (-11) 1.59 (-12) 2.67 (-12)
20 1.22 (-12) 6.43 (-12) 6.12 (-13) 8.19 (-13)
30 6.54 (-13) 1.83 (-12) 1.39 (-13) 1.61 (-13)
40 1.91 (-13) 2.77 (-13) 2.02 (-14) 2.12 (-14)
50 5.80 (-14) 7.18 (-14) 5.34 (-15) 5.24 (-15)

Equilibrium constants (cm3 molecule )

HO,+NO,~ HO,NO, 2.33(—27)exp(10870/T)
NO,+NO,;— N,O, 1.52(—27)exp(11153/T)
Cl+0,- ClOO 2.43(—25)exp(2979/T)
CH,0,+NO,—~ CH;0,NO, 1.30(—28)exp(11192/T)
OH + NO, — HNO; 3.90 (-27) exp(10125/T)
CIO + CIO — CLO, 9.30 (-28) exp(8835)

Source: Brasseur and Solomon, 1986
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Fig. 4.58. Photodissociation rates of several important atmospheric species for
winter, solar maximum, 40 ° latitude. From the model of Garcia and Solomon

(1983).

Adapted from Brasseur and Solomon, 1986; including tropospheric extension

(VII1)



Appendix 6

ATMOSPHERIC PROFILES

Appendix 6 presents numerical values for several atmospheric
quantities as a function of the log-pressure altitude (km). All the
variables are represented by zonally, latitudinally and annually averaged
values derived from the SOCRATES model (Brasseur et al., J Geophys
Res: 95, 5639, 1990). The values listed in the Tables should be
considered as approximate, and should be used only for crude estimates
of physical and chemical parameters of the atmosphere.

The first Table provides an estimate of the geometric height z (km),
the atmospheric pressure p (hPa), the absolute temperature T (K), the
atmospheric scale height H (km) and the air number density n (cm™3).

The subsequent Tables provide indicative values of the volume mixing
ratio (left column) and number density (cm™3, right column) for several
chemical constituents of the atmosphere.

From Brasseur and Solomon, 2006 (|X)
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616 AERONOMY OF THE MIDDLE ATMOSPHERE
Table A.6.1.
log-pat. Z Pressure Temperature  H Air Dens
(km) (km) (hPa) (K) (km)  (cm™3)
0 0.0 1.013E+03 290.2 8.6  2.5E+19
5 6.0 4.959E+02 250.5 74  14E+19
10 11.2 2.428E+02 215.6 6.3 8.2E+18
15 15.7 1.188E+02 198.0 5.8  4.4E+18
20 20.3 5.818E+01 208.0 6.1 2.0E+18
25 25.1 2.848E+401 216.1 6.4 9.6E+17
30 30.1 1.394E4-01 221.5 6.5 4.6E+17
35 35.2 6.826E+00 228.1 6.8 2.2E+17
40 40.5 3.341E+00 240.5 7.1  1.0E+4+17
45 46.2 1.636E4-00 251.9 7.5  4.TE+416
50 51.9 8.008E—01 253.7 7.5  2.3E+16
55 57.7 3.920E—-01 247.2 74  1.2E+16
60 63.2 1.919E-01 235.4 7.0  5.9E+15
65 68.4 9.395E—02 220.6 6.6 3.1E+415
70 73.2 4.599E—02 207.3 6.2 1.6E+15
75 77.8 2.251E—02 198.0 5.9 8.3E+14
80 82.3 1.102E—-02 195.3 5.9 4.1E+14
85 86.8 5.396E—03 195.4 5.9 2.0E+14
90 91.3 2.641E—03 192.5 5.8 1.0E+14
95 95.7 1.293E-03 185.2 5.6  5.1E+13
100 99.8 6.330E—04 176.3 54  2.6E+413
105 104.0 3.099E—04 177.6 5.5 1.3E+13
110 108.4 1.517TE—-04 192.5 6.0 5.7TE+4+12

From Brasseur and Solomon, 2006

(X)



(XI)

APPENDIX 6

LO+HA9T 90—H8C  00+H00 00+H00 €0+HdZT O0T—HASE S0+dAFE S0—HdeH SO+HOT 80—HST CO+HAELT T1—H9L 01T
LO+H6C 90—HT€  00+H00 00+H00 FO+AF'T 60—HI'T 80+HST S0—H0Z SO0+HI6 80—H9L €O+HELE 01—HIT 60T
LO+HSS 90—HEE  GO—H6F ST—H6'T FO+AOF 60—HST S0+HLE CO—HFT 90+dAVF L0—HLT FO+HAST OT—HLG 00T
SO+HLT 90—HEE €0—HOT LI—H0C F0+HT6 60—HST S0+AT'9 G0—HCT LO+HAF'T L0—HLT FO+HA9T 01—HT6 6
80+HEE 90—HEE TO—H6F 9T—H6'F CO+HET 60—HELE 80+H6'6 90—H6'6  LO+H0G L0—HO0G  GO+HLT 60—HLT 06
80+H9°9 90—HEE 00+H9S FI—HAST GO+HAT9 60—HO0E 60+dAF'T 90—Hdz L S0+HZT 90—HAT'T  SO+H08 60—HOT g
60+dc’ T 90—d6'C TO+HAT'S €I-HOCZ 90+HFT 60—HSE 60+HST 90—HE¥H S0+HS6 90—HET 90+HAET S0—HT'T 08
60+d9° T 90—H0C ¢O0+HOT €I—A¥C 90+H6'C 60—HSE 60+AST 90—HCZ 60+H0EC 90—H9'E LO+HET SO—HST Gl
60+d8 T 90—HT'T ¢O0+HOF €T—HSZ 90+H9S 60—HSE 60+HLT 90—HAT'T 60+dFL 90—H9F LO+H96 SO—H6'S 0L
60+dTC L0—H69 CO+HLL €T—HST LOFATT 60—HSE 60+HLT L0—AFS OT+A9T 90—HO'S 80+H9Z S0—HS'S 9
60+H0°¢ L0—HATC €O+HST €1-H9C LO+HAT'E 60—HSE 60+H6'T L0—HAT'E OI+AT'E 90—HE'S S0+HSE S0—HE6 09
60+dLT LO—HTT €O+AV'E €I-HO'EC LOHH6'E 60—HF'E 60+H6'T L0—HLT OI+HAT9 90—HES 60+ATT L0—HO0'T GG
60+H8 L LO—HFE €O+HT'S €I-HSE LO+HSL 60—HLE  60+H0T 80—HL'8 TI+HZT 90—HF'S 60+HSC L0—HT'T 06
OT+AST L0—HEE FOHAST CI—HAT'E SO+HAFT 60—H6'C 60+HLT 80—HAS¥T TI+HST 90—HZS O0OI+H0T LO—HTT 47
0T+H9°¢ L0—H9E¢ FO+AVC €I—HdP¢ S0+HLT 60—H9C 60+H9C 80—H9C TI+HSY 90—HS¥ OI+AFY LO—HF¥ o
0T+H08 L0—HL€ FO+HTS €1-APC SO+HATS 60—HdV¢ 60+d6F S0—HcE TI+H6'S 90—HdTH TI+HLT L0—H9'L g
T+ T 20-d9°¢ SO+ATT €1-d¥¢ S0+H6L 60—HLT 60+H6'6 80—HE'¢ CI+HST 90—HF'€ TI+H0S 90—HT'T 0¢
ITHATE 20-dEE  G0+HAST €1-H0E 60+HET 60—HET OT+HLT 80—HLT CI+HSTE 90—H9C CI+HST 90—d¥F'T 6T
IT+H0°9 20-d0°¢ S0+HdZ9 €I-HAT'E 60+H0C 0T—HL6 OT+HLT 80—HET CI+HCYy 90—HI'C CI+ATE 90—HST 0
CI+ATT L0—HLC  SO+AVTY €1—HOT S0+H9C I1-H6C TI+H0C 80—d9¥F ECI+HST 90—HF'€ CI+HEL 90—HLT Gl
CI+dee L0—HLE  SO+HALT FI-HOT L0+H9C ¢I—Hee TI+HST 80—HS'S FI+HH0E S0—H9¢ CI+APT 90—HLT 01
CIHA6'E L0—HLC  SO+HLT FPI—H6'T LOH+ATC CI—HST TI+AP'S 80—dS'S OI+HLT €0—HZT EI+APE 90—HLT G
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624 AERONOMY OF THE MIDDLE ATMOSPHERE
Table A.6.2.h
log-pais. NOx NOy HOx
0 4.7E—-10 1.2E+10 5.2E—10 1.3E+4+10 5.7E—12 1.5E408
5 6.3E—11 9.1E4+08 1.3E—10 1.9E409 3.5E—12 5.0E407
10 1.0E—10 8.5E+08 3.9E—10 3.2E4+09 1.1E—12 8.9E+06
15 1.4E—10 6.2E+08 4.8E—10 2.1E4+09 6.3E—13 2.7TE+06
20 2.9E—-10 5.9E+08 3.4E—09 6.8E4+09 1.6E—12 3.3E+06
25 9.6E—10 9.1E4+08 7.1E—-09 6.8E4+09 6.7TE—12 6.4E+06
30 4.4E-09 2.0E4+09 1.3E-08 5.7TE4+09 2.0E—11 9.0E+406
35 1.1IE-08 2.4E+09 1.7E-08 3.6E+09 4.9E—11 1.1E+407
40 1.2E—-08 1.3E+09 14E-08 1.5E+09 1.3E—10 1.3E+407
45 9.6E—09 4.5E+08 1.0E—-08 4.8E+4+08 2.8E—10 1.3E407
50 7.5E—09 1.7TE408 7.8E—09 1.8E+08 4.8E—10 1.1E+07
55 6.5E—09 7.4E+07 6.6E—09 7.6E4+07 6.7TE—10 7.7E+06
60 6.9E—09 4.1E4+07 6.9E—-09 4.1E4+07 1.0E—09 6.1E+06
65 1.1E-08 3.3E+07 1.1E-08 3.3E+07 2.2E—-09 6.8E+06
70 1.9E—08 3.0E+07 1.9E-08 3.0E+07 7.1E—09 1.2E+407
75 2.9E—-08 2.4E+4+07 3.0E-08 2.4E+07 3.1E—08 2.6E+07
80 5.0E—-08 2.0E4+07 5.0E—-08 2.0E+07 2.0E—07 8.3E+07
85 9.3E—-08 1.9E+07 9.3E—08 1.9E4+07 1.2E—-06 2.4E-+08
90 2.0E—-07 2.0E407 2.0E—-07 2.0E4+07 2.0E—06 2.0E+08
95 4.8E—-07 2.4E+07 4.8E-07 2.4E+07 2.3E—06 1.2E408
100 1.3E-06 3.3E+07 1.3E-06 3.3E+07 2.4E—-06 6.3E+07
105 4.7TE—-06 5.9E+07 4.7E—06 5.9E4+07 2.5E—06 3.2E407
110 1.4E-05 8.2E+07 1.4E-05 8.2E+07 2.7E—-06 1.6E+407
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