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Fig. 10-2 Solar actinic flux at different altitudes, for typical atmospheric
conditions and a 30° solar zenith angle. From DeMore, W. B., et al.
Chemical Kinetics and Photochemical Data for Use in Stratospheric Model-
ing. JPL Publication 97-4. Pasadena, Calif.: Jet Propulsion Lab, 1997.

"Introduction to Atmospheric Chemistry," D. J. Jacob, Princeton Univ. Press, Princeton, (1999).
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1961 Lovelock - ECD Fi5 1971 Lovelock -~ A& CFC-11

NS R ST A DR R 2 | o
[Anal. Chem., 33, 162 (1961)] 3%@55@? 3b779‘£(b1‘97CIC)]13F &R TRIE

NATURE VOL. 230 APRIL 9 1971

Atmospheric Fluorine Compounds
as Indicators of Air Movements

Gaseous fluorine compounds are supposed not to occur
naturally in the atmosphere. Volatile fluorine compounds
would not be expected to result from chemical equilibria
between fluorine compounds on the surface of the Earth, and
it is improbable that biological systems contribute significant
quantities of organic fluorine compounds.

Fi2 F11
Table 1 Observations at Adrigole, Co, Cork, lreland (51° 40" N-
09" 45" W)
Wind tration by volume Turbidity
heading SFe
1 45°-1135° 29x j0-+ 0.03
3) 7N
1.2x10-'* 0.19

) )

7{'“‘ K‘*_‘/\/L 25°-315° 9510
)(\J k;——Ju The number of observations is shown in parentheses.

J. E. LoveLock

Figure 1. A chromatogram to illustrate the sensitivity of the ECD. Department of Applied Physical Science,
The peak ‘X’ represents 1.1 parts per trillion of Halon in the air University of Reading,

; Reading RG6 2AL

J. Lovelock, "Homage to Gaia," Oxford

Univ. Press, Oxford (2000).
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1974 Molina & Rowland - AYV > EBIIESS
[Nature, 249, 810 (1974)] (1995 / —~LAL22E)

810 Nature Vol. 249 June 28 1974

Stratospheric sink for chlorofluoromethanes :

chlorine atomc-atalysed destruction of ozone
Mario J. Molina & F. S. Rowland

Department of Chemistry, University of California, Irvine, California 92664

hle th, 7 i photolytic dissociation to CFCl; + Cl and to CF,Cl + Cl,
Chlorofluoromethanes are being added to the environment respectively,at altitudes of Ko Back ofthe resctions cioaes

in sr_eadtly increasing amoun.n.. These compounds are two odd-clectron species—one Cl atom and one free radical.
chemically inert and may remain in the atmosphere for 40—  The dissociated chlorofluoromethanes can be traced to their
150 years, and concentrations can be expected to reach ultimate sinks. An extensive catalytic chain reaction leading
10 to 30 times present levels. Photodissociation of the ‘o the net destruction of O, and O occurs in the stratosphere:

chlorofiuoromethanes in the stratosphere produces significant 3(; o > o go +0‘0' ?2;
amounts of chlorine atoms, and leads to the destruction of This has im po;a nt--’chcm?cul consequences. Under most

atmospheric ozone. conditions in the Earth's atn

slower of the reactions becau (CFCI3 +hy—o CFC|2 + CI)

N Cl+ O;—> CIO + O,
BEIRIG CCIO+O—>CI+OZ D

1 20 Cl [RFhH ~10% {&

DAV> (O3) ZHIR net: O, +0—> 20,
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to January 1983," Greece, QO3 symposium, Fig. 1, p. 286, 1984
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[Nature, 315, 207 (1985)]

NATURE VOL. 315 16 MAY 1985 w7

Large losses of total ozone in Antarctica
reveal seasonal ClO,/NO, interaction

J. C. Farman, B. G. Gardiner & J. D. Shanklin

British Antarctic Survey, Natural Environment Research Council,
High Cross, Madingley Road, Cambridge CB3 OET, UK

Recent attempts'” to comsolidate assessments of the effect of
human activities om stratospheric ozone (0O,) using one-
dimensional models for 30° N have suggested that perturbations
of total O, will remain small for at least the next decade. Results
from such models are often accepted by default as global esti-
mates’. The inadequacy of this approach is here made evident by

http://www.ccpo.odu.edu/SEES/index.html
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© CFC K& F

DuPont #t - CFCAAE 3 a
BHEFEHEICEDIRAZ ) —= 7

Gaussian (J. A. Pople 1998 / — L% H)
cf) HCFC-22 & OH 7 v Ji/v

B (K= H)FHEon O G O BRI EE
CFC, X% & (HCFC/HFC) Ko oy  ODP  GWP
/ cm3 molecule! st | yr (100yr)
Mg
CFC-12 (CCLF,) - 102 1 8500
HCFC-22 (CHCIF,) 4.6x10715 13.3 0.055 1700
HFC-134a (CH,FCF,) 4.2x10715 15 0 1300
F 8
CFC-11 (CCLF) - 50 1 4000
HCFC-141b (CH;CCI,F) 5.9x10-15 9.4 0.11 630
HCFC-142b (CH;CCIF,) 3.0x10-15 19.5 0.065 2000

Top= 1/ (JOH] % Kop)

[OH],, ~ 5x10° molecules cm™
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1958- C. D. Keeling & co-workers
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191f:%2  Svante Arrhenius — CO, IZ X 5 {E=

— “On the Influence of Carbonic Acid in the Air upon the
Temperature of the Ground”
[Philosophical Magazine 41, 237 (1896)]

A great deal has been written on the influence of the
absorption of the atmosphere upon the climate. Tyndall [2]
in particular has pointed out the enormous importance of
this question. To him it was chiefly the diurnal and annual
variation of the temperature that were lessened by this
circumstance. Another side of the question, that has long
attracted the attention of physicists, is this: Is the mean
temperature of the ground in any way influenced by the
presence of heat-absorbing gases in the atmosphere?
Fourier [3] maintained that the atmosphere acts like the
glass of a hot-house, because it lets through the light rays of
the sun but retains the dark rays from the ground. This
idea was elaborated by Pouillet [4]; and Langley was by
some of his researches led to the view, that "the
temperature of the earth under direct sunshine, even
though our atmosphere were present as now, would
probably fall to -200 ° C., if that atmosphere did not
possess the quality of selective absorption” [5]. This view,
which was founded on too wide a use of Newton's law of
cooling, must be abandoned, as Langley himself in a later
memoir showed that the full moon, which certainly does
not posses any sensible heat-absorbing atmosphere, has a
"mean effective temperature" of about 45 ° C. [6]

EYES

I *F 3R BE

JRIE: 10142
(~1204EHi)

~5800 K
AR ,

) X5

~260 K
AR

Hli( F'a?lbé,&"EOD EL\
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7([‘56‘)71‘5[912’\7 kL iﬂlﬁﬂ)ﬁiﬂl'\? (op]%
(5800 K 2 & 4tT) (260 K E{&mat)

1000 ~ 710000
E& /nm




16

Anthropogenic

Natural

BERREIDN\DERL REFS

Radiative forcing of climate between 1750 and 2011 ¢ypiidence

Forcing agent Level
T I T L] I
Co, Very High
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Greenhouse Giases Other WMGHG Very High
Ozone Stratospheric . “¢---| Tropospheric High
Stralospheric water AR4 estimates Medium
vapour from CH, .
Surface Albedo Black carbon High/Low
0N SNOW
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Contrail induced cirrus Low
Aerosol-Radiation Interac. | | | ngh
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e 1
Solar irradiance kﬁ Medium
I - I I . I
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Radiative Forcing (W m?)
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Climate Change 2013 - The Physical Science Basis

Working Group I Contribution to the Fifth Assessment Report of the IPCC

available at http://www.ipcc.ch/
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HC Bt ... XO, (HO,/RO,)

NO, NO + XO, 2 NO, + XO )
NO, +hv - O+ NO
O+0,+M>0;+M
aldehydes

or ketones NO
O, +hv-> O(D) + O,
O(*D) + H,O - OH + OH

or RO
OH 5=>7A)L
(KDImERE / FiFHl)
+Oz 0 DHFEEIR (detergent of the atmosphere)
or RO 3

H SRR NO, « T18/8




21

WERRE TR i

combustion technology

IV

N O AR LB

by courtesy of
Dr. M. Kaneko

SUBARU




22

— IR

« BEIEIVOUTHRET D
PFFELLGEWEBEX

\ §>J\Ja - E%E&z

— Bl

- HEDHEmES
o NI (IEEHELEAE/7E KGR EIE)

& BHRDET Z+5

Hot spot Cylinder wall

Flame front

-

Spark plug —

This photo of a badly damaged piston
indicates the efects of long-term
engine knock.

Lawrence Livermore National Laboratory

— CH20 fluorescence intensity

J. Warnatz, U. Maas, and R. W. Dibble,
"Combustion," Springer, Berlin, 1996.

Science and Technology Review, Dec. 1999, Lawrence
Livermore National Laboratory, UCRL-52000-99012 (1999).
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— EKIZEDACFERIG

o SUHDHE—HIAKETE
H, DRRBEHEAE .
8 {tF1& 20 =X

n-~"J75> (CH,g) DIREE :
~540 {£FE ~2450 =X

i-A05 > (CgHyg) DIREE :
~850 1t#1E ~3600 =Xt

_ reactions

species ch3+h(+m)=ch4(+m) 2.138e+15
h h2 o 02 oh h20 n2 co hco co2 ch3 ch4 ho2 h202 ch2o ch3o c2h6 ch4+h=ch3+h2 1.727e+04
c2h4 c2h5 ch2 ch c2h c2h2 c2h3 ch3oh ch2oh ch2co hcco c2hSch ch4a+oh=ch3+h20 1.930e+05
pc2h4oh sc2h4oh ch3co ch2cho ch3cho c3h4-a c3h4-p c3h6 c4hé nc3h7 ch4+o=ch3+oh 2.130e+06
ic3h7 c3h8 ic4h7 ic4h8 c4h7 c4h8-2 c4h8-1 sc4h9 pcah9 tcah9 icsh9 c2h6+ch3=c2h5+ch4 5.500e-01
ic4h10 c4h10 ch3coch3 ch3coch2 c2h5cho c2h5co c5h9 c5h10-1 c5h10-2 hco+oh=co+h20 3.020e+13
ic5h12 ac5hll bc5hll cc5hll dc5hll ac5h10 be5h10 cc5h10 icSh9 co+oh=co2+h 9.430e+03
nc5h12 c5h1l-1 c5h11-2 c5h11-3 neoc5h12 neocShll c2h50 ch3o02 h+o02=0+oh 1.920e+14
c2h502 ch3o02h c2h502h c2h301-2 ch3co2 c2h4ol-2 c2h4o02h o2c2h4oh o+h2=h+oh 5.080e+04
ch3co3 ch3co3h c2h3co c2h3cho c3h50 c3h6oohl-2 c3h6oohl-3 c3h6ooh2-1 o+h2o0=oh+oh 1.213e+05
c3h6ooh1-202 c3h6oohl-302 c3h6ooh2-102 nc3h7o ic3h7o0 nc3h702h oh+h2=h+h20 2.160e+08
ic3h702h nc3h702 ic3h702 c3h601-3 ic4h8o ic4h8oh io2c4h8oh icdh7o hco+m=h+co+m 1.860e+17
c4h70 c4h8oh-1 c4h8oh-2 02c4h8oh-1 02c4h8oh-2 c4h8oohl-202 c4h8oohl-302 h2o02+oh=h20+ho2 2.400e+00
c4h8ooh1-402 c4h8ooh2-102 c4h8ooh2-302 c4h8ooh2-402 tc4h8ooh-io2 c2h4+o=ch3+hco 1.320e+08
ic4h8ooh-io2 ic4h8ooh-to2 c4h8oohl-2 c4h8oohl-3 c4h8oohl-4 c4h8ooh2-1 c2h4+h(+m)=c2h5(+m) 1.08le+12
c4h8ooh2-3 c4h8ooh2-4 ic4h8o2h-i ic4h8o2h-t tc4h8o2h-i c4h801-2 ch3+oh(+m)=ch3oh(+m) 5.649e+13
c4h801-3 c4h801-4 c4h802-3 cc4h8o pc4h9o sc4h9o ic4h9o tcah9o c2h6+h=c2h5+h2 5.370e+02
pc4h9o2h sc4h9ozh ic4h9o2h tcah9o2h tc4h9o2 ic4h902 scah9o2 pcsh9o2 ch3oh+ho2=ch2oh+h202 3.980e+13
ch3coch202 ch3coch202h ch3coch2o c4hl0o c2h3-ch2o ac5hllo2 bc5hllo2 c2h5+02=c2h4+ho2 1.220e+30
cc5h1102 dcShllo2 ac5hllozh be5hllo2h cc5hllozh dcShllozh acShllo c2h6+oh=c2h5+h20 5.125e+06
bc5h1lo cc5hllo de5hllo ac5hlOooh-a acShl0ooh-b acSh1l0ooh-c acShl0ooh-d c2h6+o=c2h5+oh 1.130e+14
bc5h1000h-a be5h10ooh-c be5hl0ooh-d ccShl0ooh-a ccSh1l0ooh-b ccSh10ooh-d ch3+ho2=ch3o+oh 1.990e+13
dc5h1000h-a dc5h1000h-b dc5hl0ooh-c acShl0ooh-ao2 ac5hl0ooh-bo2 co+ho2=co2+oh 1.510e+14
ac5h100oh-co2 ac5h10ooh-do2 bc5h10ooh-a02 bcSh10ooh-co2 beS5hl0ooh-do2 ch3+ch3(+m)=c2h6(+m) 9.214e+16
cc5h1000h-a02 cc5h100oh-bo2 cc5h1000h-do2 dcSh1l0ooh-ao2 dc5hl0ooh-bo2 h2o+m=h+oh+m 1.837e+27
dc5h1000h-co2 a-ac5h10o0 a-bc5h1l0o a-ccS5hl0o a-dc5hl0o b-cc5h10o ho2+m=h+02+m 6.852e+19
b-dc5h100 c-dc5h100 c5hllo2-1 c5hllo2-2 c5h1102-3 c5hllo2h-1 CO2+m=co+0+m 2.328e+19
c5h1l1lo2h-2 c5h11lo2h-3 c5hllo-1 c5hllo-2 c5hllo-3 cS5hl0oohl-2 CO+02=C02+0 1.068e-15
= hco+h=co+h2 7.230e+13
hco+o=co+oh 3.020e+13

-0.400
3.000
2.400
2.210
4.000
0.000
2.250
0.000
2.670
2.620
1.510

-1.000
4.040
1.550
0.450
0.100
3.500
0.000

-5.760
2.060
0.000
0.000
0.000

-1.170

-3.000

-1.470

-1.000
7.130
0.000
0.000

0.0
8224.0
2106.0
6480.0
8280.0

0.0

-2351.0
16440.0
6292.0
15370.0
3430.0
17000.0
-2162.0
427.0
1822.0

0.0

5200.0
19400.0
10100.0

855.0

7850.0

0.0

23650.0
635.8
122600.0
49960.0
123100.0
13320.0

0.0
0.0

ch2o+m=hco+h+m
ch2o+oh=hco+h20
ch2o+h=hco+h2
ch2o+o=hco+oh
ch3+oh=ch20+h2
ch3+o=ch2o+h
ch3+02=ch3o+0
ch2o+ch3=hco+ch4
hco+ch3=ch4+co
ch3o(+m)=ch2o+h(+m)
c2h4+m=czh2+h2+m
ho2+o=oh+02
hco+ho2=ch2o+02
ch3o+o02=ch2o+ho2
ch3+ho2=ch4+02
hco+o2=co+ho2
ho2+h=oh+oh
ho2+h=h2+02
ho2+oh=h2o0+02
h202+02=ho2+ho2
oh+oh(#m)=h202(+m)
h2o02+h=h2o+oh
ch4+ho2=ch3+h202
ch2o+ho2=hco+h202
oh+m=o+h+m
02+M=0+0+m
h2+m=h+h+m
c2h4+m=c2h3+h+m
c2h5+c2h3=c2h4+czh4
c2h2+h(+m)=c2h3(+m)
c2h4+h=c2h3+h2
c2h4+oh=c2h3+h20
c2h4+o=c2h3+oh
c2h2+m=c2h+h+m
c2h2+02=hco+hco
c2h2+h=c2h+h2
c2h2+oh=c2h+h20
o+c2h2=c2h+oh
c2h2+o=ch2+co
c2h+o2=hco+co
c2h+o=co+ch
ch2+o02=hco+oh
ch2+o=ch+oh
ch2+h=ch+h2
ch2+oh=ch+h20
ch+o2=co+oh
ch+o2=hco+o
ch3oh+oh=ch2oh+h20
ch3oh+h=ch3+h20
ch3oh+h=ch2oh+h2
ch3oh+ch3=ch2oh+ch4
ch3oh+o=ch2oh+oh
ch2oh+02=ch20+ho2
ch2oh+m=ch2o+h+m
c2h3+02=c2h2+ho2
h202+0=oh+ho2
c2h2+o=hcco+h
c2h2+oh=ch2co+h
ch2co+h=ch3+co
ch2co+o=hco+hco
ch2co+oh=ch2o+hco
ch2co+m=ch2+co+m
ch2co+o=hcco+oh
ch2co+oh=hcco+h20
ch2co+h=hcco+h2
hcco+oh=hco+hco
hcco+h=ch2+co
hcco+o=hco+co
c2h6+02=c2h5+ho2
c2h6+ho2=c2h5+h202
c2h6+c2h4=c2hS+c2h5
ch3+c2h3=ch4+c2h2
ch3+c2h5=ch4+c2h4
ch3oh+ch2o0=ch3o+ch3o
ch2o+ch3o=ch3oh+hco
ch4+ch3o=ch3+ch3oh
c2h3+h=c2h2+h2

3.300e+16
3.430e+09
2.190e+08
4.160e+11
4.000e+12
1.300e+14
4.800e+13
5.540e+03
3.000e+11
1.995e+13
9.330e+16
1.810e+13
1.000e+14
7.600e+10
3.610e+12
9.096e+12
1.690e+14
8.450e+11
1.450e+16
5.942e+17
1.236e+14
3.070e+13
1.120e+13
5.600e+12
3.909e+22
6.473e+20
4.570e+19
6.300e+18
3.000e+12
2_345e+15
1.500e+07
2.020e+13
1.510e+07
1.000e+14
4.000e+12
2.000e+14
6.000e+12
3.200e+15
6.700e+13
1.000e+13
5.000e+13
1.000e+14
1.900e+11
2.700e+11
2.700e+11
1.350e+11
1.000e+13
6.620e+04
6.450e+11
4.000e+13
4.150e+01
3.880e+05
1.000e+14
1.850e+24
1.000e+12
9.550e+06
3.560e+04
3.200e+11
1.100e+13
1.000e+13
2.800e+13
2.000e+16
5.000e+13
7.500e+12
7.500e+13
1.000e+13
1.100e+14
3.400e+13
4.000e+13
1.700e+13
5.000e+11
7.940e+11
7.940e+11
1.533e+12
1.150e+11
1.570e+11
2.000e+13

0.000
1.180
1.770
0.570
0.000
0.000
0.000
2.810
0.500
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.650
-1.000
-0.660
-0.370
0.000
0.000
0.000
-2.000
-1.500
-1.400
0.000
0.000
-0.870
2.000
0.000
1.910
0.000
0.000
0.000
0.000
-0.600
0.000
0.000
0.000
0.000
0.680
0.670
0.670
0.670
0.000
2.530
0.000
0.000
3.170
2.500
0.000
-2.500
0.000
2.000
2.700
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

81000.0
-447.0
3001.0
2762.0

0.0
2000.0

29000.0

5860.0
0.0

27420.0

77200.0
-397.0
3000.0
2700.0

0.0
410.0
874.0

1241.0

104400.0
108700.0
0.0
3064.0
6000.0
5955.0
3736.0
114000.0
28000.0
19000.0
7000.0
17000.0
4000.0
7000.0
0.0
3700.0
25000.0
25700.0
25700.0
25700.0
0.0
-960.0
5310.0
6095.0
7170.0
3080.0

®
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o INNZNER (B (CHEZXBAERAY (Tim

[ D .. L ] 1 [ o .. ]
s 1500: n-heptane/air, ¢ = 1, const-V - 500: n-heptane/air, ¢ = 1, const-V
= 1000 1 1000}

CE= ]

] | 20 atm, 714.3 K

[ 20 atm, 714.3 K
' | (OH addition)

107

p—
S
b

mole fractions
mole fractions

10—10 B

ER e
T
ERE g
P
107104 7
L s
T -

v,

0,

P




28

log;o (x[OH])

B XY ] %R

o SUNIOTIERB ML AEELD > HREH KM

o T, (AREIGEN) OBICHE

EK

o I, NXEEMBIZECEIBRIMNED (FIZFIELELL)

-10

-15

PRF90/air ¢ =0.33

log;o (x[OH])

X[OH]O -
1078
1051
N T2 —
10710 (degen. branching)
adiabatic
constant volume
0 700 K, 20 atm
| |
0 50 100
t/ ms

-15

PRF90/air ¢=1.00

adiabatic
constant volume
700 K, 20 atm

0 10

20
t/ ms

[OH]ss ~ 10_3 [OH]added
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o J\wIOITZI> RBEBR)RHFD CFC (~1971)
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o SBEMNROEIE (191HT)
e N\w IS5 R CO, DN (1958~)
o« SUREBHODSTBAFESE ... 2% ? |

— PRBERiN
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