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Preface

Atoms and free radicals are very important species in atmospheric chemistry, and
particularly in photochemistry. Therefore, their reaction rates, and their thermodynamic and
spectroscopic properties are very useful for the air pollution simulation modelling which
involves the conversion of pollutants and for the spectroscopic analysis of chemical species
such as laser induced fluorescence spectrometry, in addition to the study of photochemistry,
reaction kinetics, and spectroscopy.

This report, consisting of three sections, is a recent review of the above physico-
chemical properties of atoms and free radicals. The first section summarizes the spectroscop-
ic constants of 30 organic free radicals and 44 inorganic free radicals such as fundamental
vibrations at ground state, allowable excitation energies and vibration constants, presence or
absence of laser fluorescence, and radiative life time of fluorescence. The second section
contains heat of formation of 85 atoms and free radicals and the third section describes the
parameters of free radical reactions such as the reaction rates at ordinary temperature,
activation energies, reaction mechanisms, and techniques for measurement of reaction rate.

Thus this report will provide useful and reliable data for the study of atmospheric

chemistry, photochemistry and gas phase chemical reactions.

T. Okita

Chief.  Atmospheric Environment
Division

Pecember 1985
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Abstract

This article is composed of the data of the rate constants,
thermochemical parameters, and spectroscopic parameters of more
than B0 kinds of atomic or radical species. The newest and the
most reliable values are chosen. These data should be useful for
the studies of photochemistry, reaction kinetics, and spectroscopy
as well as for atmospheric chemistry and in particular for V
simulation studies of atmospheric reactions.

The article is divided into 3 sections. The first section
deals with the spectroscopic paraﬁeters of free radicals (30
organic radicals and 44 inorganic radicals). The newest data of
normal vibrations of the ground state, energy and vibrational
constants of allowed excited states, presence or absence of laser
induced fluorescence (LIF), and the radiative lifetime for each
radical are listed, The tables are constructed with care in order
to make them useful when the detection or the reactioni{s) of free
radicals is investigated by means of LIF. About 170 refernces are
cited.

In the second section the heat of formation of 85 kinds of
atoms and free radicals is tabulated. These are the newest values
and of particular importance in the studies of free-radical
reactions.

Rate constants for free-radical reactions are collected and
arranged in the third section. Rate constants at ambient
temperature, activation energies, reaction mechanisms, and methods

for reaction-rate measurements are described for about 1500



reactions of more than 70 kinds of free radicals. These data are
indispensable for the modelling studies of the chemical reacticns

taking place in the atmosphere. About 350 references are cited.




Introduction

This article consists of following three sets of Tables.
They provide information useful for the analysis of free radical

reactions,

1. Spectrosceopic Constants for radicals
1-1 Organic radicals
1-2 Inorganic radicals
2, Heats of formation for radicals
3. Rate constants for the reactions of radicals
3-1 group I (Atomic species)
3-2 group II (Hydrocarbon radicals)
3-3 group III1 {O-containing organic radicals)
3-4 group IV {(Halogen containing organic radicals)
3-5 group V {N-containing inorganic radicals})
3-6 group VI (0- and S-containing inorganic radicals)

3-7 group VII (Other radicals)

1. The first set of Tables lists the spectroscopic parameters of
known electronic states of various radicals. The energy level,
vibrational frequencies of known modes, rotational constants,
observed electronic transitions, and radiative lifetime are
compiled for each known electronic state. The parameters for
diatomic species are listed more comprehensively in '"Molecular

Spectra and Molecular Structure IV, Constants of Diatomic



Molecules", written by Huber and Herzberg (Ref. 4 of Table 1-1]).
The spectroscopic parameters for radical species consisting of
more than three atoms have been determined less completely, though
the recent gevelopment of laser technique facilitates the spectro-
scopic study of these radicals.

2. The heats of formation of radicals are very important in
considering the feasibility of a particular reaction and alsc
estimating the reaction mechanism and final products. For this
reason, the heats of formation are given in the present section.
3. Although vast amount of rate data have been accumulated for
radical reactions, this section has not encough space for listing
all available data to make any recommendations. Therefore, for
the radicals whose rate constants have not yet been establiéhed,
the rate constants recently determined by various research groups
are tabulated without recommendations. For the radicals whose
rate constants are established, the rate constants for several
typical reactants are cited from recent reviews. In both cases,
readers can f£ind more precise information by referring the
original literature or reviews given in the reference column.

Each Table is followed by the list of the references.




1. Spectroscopic constants for radicals

The spectroscopic parameters for atomic species are omitted
from the following Tables. The symbols and notations are those
adopted by Herzberg in the series of publication, "Molecular
spectra and molecular structure".'-4 The energy levels are given
as Ty which means the energy difference between the lowest
vibrational levels of excited and ground electronic states.

For diatomic radicals, both vibrational frequency and un-
harmonic constants are tabulated. The latter guantity is given in
parentheses. For triatomic radicals, three vibrational
frequencies corresponding to symmetric stretching (v4}, bending
{vy) and anti-symmetric stretching (v3) modes are listed, The
modes of vibrational frequencies for radicalé consisting of more
than four atoms are specified whenever possible, The rotational
constants given in the 5th column are those of zero vibratignal
level, i.e., Bgz. When available, three rotational constants (AO,
By, and CO) are listed for polyatomic radicals. Tg, Vv

are all given in the unit of cm™t.

i+ and By

The observed transitions between listed electronic states are
noted in the 6th column. The direction of the arrow expresses
whether the observed transition is emission or absorption. Since
laser induced fluorescence (LIF) is of great value in detecting
radicals, the transitions used so far for LIF are noted as (L).
The transition energies are given in unit of wavelength {nm).

In the 7th column, radiative lifetimes for various excited
electronic states are given in unit of ns. The values reported

from different sources are sometimes very different from each



other. In such a case all values are cited. The reference to the
original literature is recommended. The references are given
in the 8th column or immediately after the relevant parameter

(following slash mark).




Table 1-1 Spectroscopic parameters for organic radicals
radical state Ty VT v Vi3 By transition Tr reference
(cm-l) .(cm_l) (cmhl) (cm_l) (Cm-l) ( nm) (ns) |

c, D'zu 43226.72 1829.57(13.94) 1.8234 D<->X 231.3 4.6 4
d3ng 19988.48 1788.22(16.440) 1.7447 d<->a{L) 516.0 170/4,120/76
A]Hu 8268. 16 1608.35(12.078) 1.6079 A<->X(L) 1209.5 11usf77,78 &
,a3nu 609.98 1641.35(11.67) 1.6242 4
x'zg* 0 1856.71¢13.340) 1.8110 4

c, E‘zu+? 52910 1080 300 780 Be-% 189.0 5
K'nu 74675.5 1085.9 307.9 840/6 0.4124 A<->%(L) 405.3 200/7,188/6

3Hu (16450) {1209) (415) (1344) 10

i‘zg* ) 1224.5/11  63.1  2040/6 0.4305 9

CH ciz* 3177801 2840.2(125.96) 14,244 Ce->X(L) 314.7 (50)/12
8257 (25698} (1794.9) (12.645) B->X 389.1 400/13
ale 232175 2930.7(96.65) 14.585 a<->X(L)  430.7 537/14 460/15
a*L" (6003) (3145) (15.4) 16
xznr 0 2858.5(63.02) 14190

ci, E3Eu‘ 70634 3.595 17
ElAl 30694 18
ElBl 10084 3000 557 7.57 Be->a(L) 1410.4 4600/19 1900/20
3'a, 2994230721 (2806)/22 1353 20.14,11.16,7.06
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Table [-2 Spectroscopic parameters for inorganic vadicals
radical state T0 vy vy vy ED transition Ty reference
() (@l  eahH  @h (em b (om) (ns)

NH 't 43 2122.64 14.240 c<->a(L) 325.1 Al 4
A3ni 29776.76 3231.2(98.6) 16.302 a<->x(L) 335.8 440/57 4
1;]2* 21238 3352.4(74.24) 16.409 b->X 478 53+ 15ms /5, 17.8ms /6
a'la 12589 3188(68) 15. 109 a->X 795 >335 /58 4
< 0 3282.27(78.35) 16.3748 4

NH, KZAI(H)lozag 3325 633 8.78 A<->X(L)  430-900 10us/7,10.3us/8 3
iznl 0 1497.2 23.72,12.94,8.16 3

Ny Ezzu" 36739. | 0.43238  B<-X 260-273 3
izng 0 0.43117 3

HNO Elam 13154.4 2854.,2 1420.8 981.2  22.164,1.3255,1.243 A<—>X(L) 770-550 22-29us/9 3
Klar 0 3596 1562 1110 18.479, 1.4115,1.307 3

NO, Z%E'? 15108 931(v,),820(v,), 1166(v,),418(v )/ 1 A<->X(L) 662 2.8us/10,23us/11
iZAZ' o 1060(v]),7sa(v2), M92(v3),380(v4) 0.45746,0.2287 12

N B2 25797.86 2163.9(20.29 1.962 B<->X(L) 387.6 70.5/13 4
Azﬂi 9117.38 1812.56(12.609) 1.7066 A<>X 1097 8.518/59 4
“r* 0 2068.59(13.087) 1.89106 4

NCO 21 31753.1 2303 1047 0.3765 Be-% 320-265 3
Bt 22754.0 2333.0 680.8 1289.3 0.4021 E<->%(L) 450-350 350/ i4,435/15



Il. 0 1923/16 535.4/17 1272/15 0.3894 3

X 1

NCS 825" 26864 343 0.1969 Be-% 370 64
szni 26054 1916 378 755 0. 1906 CRe>E(L)  385-345 164+10/65 64
}"tzni 0 387 715 0.2036 64

cey &Y 26661.73 1859.2  (465) 0.4129 ge-% 375-348 3
8257y 22413.25 0.4151 Be-¥ 447445 3
Kze.i 21259.15 1770.77 475 1241.64 0.4137 Ae—>R(L) 471-377 170/19 3,18
izﬁr 0 1917 (210) 1060 0.3981 20,21

CNC Ezzu' 34802.3 398 0.4430 Be<-X 288-283 3
Kzau 30338.5 440 0.4506  A<-X 332-325 3
f(zng 0 321 1653/22 0.4535 3

NCN B L 33215 (1045) Be-X 330-240 23
A M~ 30838.7 (510) 0.3962 AC->X(L)  330-326 3,24
i3zg” 0 (423)  (1475)/23 0.3968 3

CNN §3zu' (39950) (990) (460)  (1450) Be-% 250-210 25
RBHu (23591) (1322) a<—>B 424 280 24
)"4328' 0 (1261) (393) © (2847) 26,27

NP bzt 1890525 1197.49(8.64) 1.23042  b->X 529 22.6us/60 &
als 1352 1184(8.5) (1.2225)  a->X 874 5.6s 61

L 0 1141.37(8.99) 1.1982 5,28



NC1

NC1

OH

HO

SH

SF

alzt

Al

alt

x°n,
1
a’n

X2H

X

15040.09/29
9280
0
14834.3
9226
0
20141.26
0
(36000)
0
(33900)?
0
32402.4
0
7029.48
0
30662.42
0
(24995)

Q

935.6(5.4)
904(4.7)
827.0(5.1)
785.5(4.363)
763(2.4)

691.75(4.720)

1441.1
(380)
1074.990 (573.4)

(550)

3178.86(92.917)
3737.761(86.8813)
3268.5 1285
3#36/39 1390
1979.8(97.6)

2711.6(59.9)

488(3.1)-372, 483(2.6)-1/2

837.64/42

(930.7)

984.8

1097.6

0.682567

0.64657

0.4657

0.442

27.570,1.033,0.992 a<->¥%

17.688,1.039,0.978

A%

2.3515,0.3960,0.3381

16.965

18.5487

20.464,1.022,0.969 A<—>¥

20.357,1.118,1.056

8.28%

9.326

0.552

0.55265

A<-X

A<—>X(L)

A<=>X(L)

A<~X

665 250+30/62 4,29
1076 20:0.2/63. 30

4,29
674 4
108¢ 30

4
538~510 31

32
280-235 3

3,33,34
240 diffuse 35
308.6 690(N=1)/36 4

[
1423 37,38

40
322.2 3.2(dissn.) /66

4
400-345 41

4



cs

NS

S0

15,

a]A
g
3

“a

izA"

x’r
g

56093
3B797.8

27585.7

43387.4
-39875.7
30085.0
29169
0
41370
37940(0)
10469.3
5865/69
0
31667
7961/69
(22000}
0

7255

462.
1073.
1135.
1285.
. 1389
943.

797.

4(7.46)
4010.1)
1(7.73)

08{6.46)

9(8.4)

31(3.72)

935(7.2)

1218.

630.

415,

1068.

1135,

1150,

434.

699.

702

725.

7(7.28)
4(4.79)
2(1.6)
66(7.25)
39(6.978) /44
71(6.35) /45
0(2.75)

7(2.4)

-35(3.09)

65(2.864)

904

504

595

. 5060
L7769
.7815
-820046
-8275
-6850
.5962
674
.7660
.4989
.5%70
.6995
-71034
.7181

.2204

-2918

L2947

A'->X

A<->X(L)

a->Xx

C<—>%
AC->X

B<->X(L)

B<—>X

A<=>X(L)

b->

B<->X(L)

X

178
257.7

362.5
230

251

332

241.7
263.6

955

315.6

1378

15/43

176,200

6.5

1.0-1.3us/67

17.3

12.4us/4,35.9us8/70

4

4

4

4

4

30-45/71,17/6 4

4

4

4

72

72




HS0

FO

clo

BrO

Io

Clo

SiH

SiF

3/2

29696

<14200

0

14514

31482.3

27725

21016.4

24193.04

34638.5

29807.9

22787.6

1030
1076

1165

1028.

519.

853.

485,

778.

514

681

707.

945

1858.

2041.

1011.

863.

718.

270 378
405 252
449 302
679 388
672(S0 str)

1026{50 str}

7(5.15)

5(7.2)
8(5.5)
9(5.40)

7(6.82)

.57(5.52)

47(4.293

1 289.6 769.3

.5 447.4 1110.5

90(99.175)
80(35.51)
23(4.825)
16{53.370)

58(10.167)

Be-X

1.017,0.149,0.129 A<->X(L)

1.3981,0.1688,0.1503

A<->%(L)

9.982,0.683,0.638/44

1.099
0.4420

0.6205

0.42778
0.2750

0.3389

1.7372,0.332,0.278

7.2942
7.3901
0.62707
0.57862

0.57839

A<~>X
A=K

AC->X{L)

A<—>X(L)

B-5X
a~>X

A<—DX

190-230

250-340

689

317.6
360.7
465.7
475.8
413.3
288.7

335.5

438.8

10/75

11.3/47

<i0/49

700/4,534/78

230

73
74,75
76
14,77
46

48

3,50

=



§iCl

SiH

SiHF

SiHC1

SiHBr

SiF

§iCl

SiF

34193.6

22994.7

15533

<4900

23260

20717.7

19903. [

44109
26310
0
30760/81
0

0

857.19(4.735)
706.6(3.9)
294.95¢0.73)

535760(2.168)

860

1004

560

1913 860
(1250) 563.7
805.5
(1270} 535.1
1547.8 771.4

790 252

277

855.01 345
147/81

502/82 199/81

834

532.6
522.4
412.2

408.0

870.41

513/82

0.58121

0.2775 B<->X
0.1983 A<-X
0.2553 i

17.75,4.9,(3.8) A<->X(L)

8.0964,7.021,3.700

A>T

9.857,0.2464,0.2404 A<->X(L)
7.587,0.2461,0,2383
9.906,0.1589,0.1563 A<->%
7.580,0.1578,0. 1546
A<->%
a<-X
1.0208,0.2943,0.2278

A<->X(L)

832,954(5iF str),406{umbrella),290(deformn)

292.5

434.9

480-650

430-390

610-410

213-233

380

315-335

60+£5/52

185+ 10

66/81

51

53

83
B4

3,85

54
55
56

79,80

86
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2. Heats of formation for radicals

The heats of formation at 0 K and 298 K are tabulated for
various radicals in the unit of kJ/mol. The possible uncertainty
in the evaluated heat of formation is also given when it is
reported, The main sources of this list are as follows:

(1) Stull, D.R. and H. Prophet (1972) : JANAF Thermochemical
Tables 2nd ed., U.5. Department of Commerce, and its
Supplements published in 1974, 1975, 1978, and 1982.

{2) Baulch, D.L., R.A., Cox, R.F. Hampson, Jr., J.A, Kerr, J.
Troe, and R.T. Watson (1980) : Evaluated kinetic and
photochemical data for atmospheric chemistry, J. Phys.
Chem. Ref. Data, 9, 295, and its supplements [J. Phys.
Chem. Ref. Data, 11, 327 (1982); (1984) : ibid., 13,
1259].

(3} Benson, S.W. {1979) : Thermochemical Kinetics, Wiley
Interscience, New York.

The above three sources are indicated by the abbreviations such as
J82 (1982 supplement of (1)), DATA {(source {2)) and B (source
(3})., When the heat of formation is cited from other recent

paper, the source is indicated in the reference list.




Table 2 Heat of formation of radicals
radical  an _©(298) AHfO(U) Ref.
(kd/mol) (kdJ/mol)
H 217.997 216.03 -DATA
ct3p) 716.68  711.20 J82
(o) 833.12
('s) 970.13
N{4s) 472.68  470.82 DATA
(%D) 700.79
(2p) 815.83
o(3p) 249.17 246.78 DATA
(1p) 436.61
(1s) 651.03
si(3p) 450.6 446.3x4  J71
(Ip) 521.6
(ls) 630.4
st3p) 276.98  274.72 382
(1p) 385.24
t1s) 540.06
¥ 79.39 77.28 DATA
C1(2P3/2) 121.30  119.62 DATA
(2p1/2) 130.16
Br(2P3/2) 111.86  117.90 DATA
(291/2) 161.98




C6H CH
C,0
HCO
CH,CO
C6H5CO
CHZOH
CH,O

02H50

'106.762

107.25
198.20
838+4 82914

820420 812£20

536

594.1 590.8
is6 386
285
164.9
145.6 149.0
107.5

94.617.5
76.216.3

57.3

35.1

328

188

38015
37.6 37.2
-24.3
111
-25.9
14.6 22.6

-17.2

DATA

J71

J71

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA

DATA




CH3O2

C,H.O

cCl
CBry
CHF

CFC1

ccl
CF
CF
CF,Cl1
CFC12
cCl
CH,Br

FCO

NH

NH

HNO
NO
CN

NCO

502+20
510+£60
125430

3025

238120
-18248
-470+4
-269

-96

79,5

163

-170+60

379.542
185
414+£20
99.6
71+20
435,1x10

159.4%10

498+20

515460

30+25

237+£20

-182x8

-468:+4

80.1

-170x60

379.542

188
41742
1l02.5

7742

0

0

431.8+10

DATR

DATA

DATA
J71
J71

DATA

DATA
DATA
DATA
DATA
DATA
DATA
DATA

DATA

DATA
J74
DATR
DATA
J71

J74




CCN

CNN

NCN

NF

NC1

NF

CH
HO
SH
SF
cs
S50

SOH

HOSO

oFr
ocl
OBr
oL
FO
Clo
0C10

SiH

556+125
5854125
473+40
249433
260110

42,318

39.0

10.5+4.2
14614

13.016
272

5.0

21117

128.49

-481+25

10918
102
125
172
50412
8945
9748

33748

44,848

38.7

145+4
12.1%6
268

5.0

128.20

10918
102
133

52112
91
1008

37548

J71
J71
J74

J71

J7

DATA
DATA
DATA
J78

DATA

DATA

DATA |

DATA

DATA

DATA
DATA
DATA
DATA
DATA
DATA
DATA

JB2




Sid, 24816 250+6 3,4,5

SiHF ~173x20 -172+20 3
SiF, -58841 -587¢1 3
sicl, -16913 ~169+3 J82
SiHg 185¢6 20016 3
S5iFy -100045 -997+5 3
SiH, 34,322 43.922 J78
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3. Rate constants for radical reactions

As mentioned above, this section consists of seven separate
Tables. The radicals are devided into seven groups as a matter of

convenience. The radicals treated in each Table are given below.

Table 3-1 Group I {(Atomic species)

H, C(*), N{*), O(*), si(*), S(*), F, CL(*), Br(*), I(*)
Table 3-2 Group II (Hydrocarbon radicals)

CQ(*); C3(*), CH{*), CHZ(*), C2H, C2H3, C3H5,

CH3, CZHS' C3H7, C4H9, C5H9, C6H5CH2

.Table 3-3 Group III {(Oxygen-containing organic radicals)

CZO{*), HCCOC, HCO, CHBCO, C6H5CO, CH,OH, CH3O,

2

C,oHgOr CyH0, CH30,, CoH 0, C3H10,

Table 3-4 Group IV (Halogen-containing organic radicals}
ccl, CBr, CHF, CF,{(*) , CFCl, CFBr, CCl,, CFy, CF,Cl,

cCl CFC1.,0 CC13O2

3’ 2727
Table 3-5 Group V (Nitrogen-containing radicals)

NH(*), NHZ(*)' N3, HNO, NO3, CN, NCO, NF{*), NF2,

NC1(*), NCl2

Table 3-6 Group VI (Oxygen- and sulfur-containing radicals)
CH, HOZ' SH, SF, CS, S0O(*), H0502

Table 3-7 Group VII (Other radicals)
FO, C10, C102, BrO, I0, SiH, SiH

3 SiCl2




The asterisk in parentheses means that the rate constants for
electronically excited state{s) are listed in addition to those
for the ground state. The rate constants of electronically
excited species are usually determined from the decay rate of the
excited species., Therefore, "reaction" includes both chemical
reaction and physical quenching. When the final products of the
reaction are specified, it is stated in the Comment column.

Reactants for the radical reactions are given in the 1st
column in the order of increasing complexity (rare gases, atoms,
radicals, inorganic molecules, and organic molecules). The second
column shows the rate constants of the reaction in unit of
ecm molecule=Ts"1 at the temperature given in the 3rd column. The
third order rate constant such as termolecular recombination in
low pressure limit is expressed as the second order rate constant
by multiplying the concentration (molecule cm™3) of the specified
third body, e.q., 6.3 x 10'33[He]. When the.Arrhenius parameters
are available, both the A-factor and the activation energy are
given together with the standard deviations. The unit of the A-
factor is cm3molecule'1s'1, and that of the activation energy is
expressed as temperature (Kelvin}). One can calculate the value of
the activation energy in unit of kcal mol~! or k7 mol~! by
multiplying 1.987 x 1073 or 8.314 x 10'3, respectively. The given
Arrhenius expressions are applicable over the temperature range
given in the 3rd column.

The comments for each reaction are given in the 4th column.
When the products of the reaction are identified, they are written

first. Then, the experimental techniques used for the evaluation

of rate constants are noted in the abbreviated form as shown




below.
Methods of reactant formation:
P stationary photolysis
FP flash photolysis
LP laser photolysis
(MPD) multi-photon dissociation by UV laser
(IRMPD) multi-photon dissociation by IR laser
PR pulse radiolysis
PY pyrolysis
ST pyrolysis by. shock wave
DF Discharge flow
MM molecular modulation
Methods of product or reactant detection:
A absorption of light
(v, UV,IR) abscrption of vigible, ultraviclet, or
infrared light
(L) absorption of laser light
{IC) intra-cavity laser absorption
RA resonance absorption
RF resonance fluorescence (resonance lamp)
LIF laser-induced fluorescence
LMR 1laser magnetic resonance
CL chemiluminescence
FQ fluorescence guenching
.EPR electron paramagnetic resonance
MS mass spectrometry

(PI) photoionization mass spectrometry




FTIR Fourier-transform IR spectrometry
GC gas chromatography
When the rate constants are cited from review articles, it is
noted in the Comment column as "Review'.
The last column gives the refernce Wo. in the reference list

which follows the Table.




Table 3-1 Rate constants for atoms of group I

Reactants Rate constant Temp . Comments Ref.
(cmjmolecule_ls_l) (K
u(’s)

n (8.3+4.0)x107 [H,) 300 Wy, Review 1
o’p) (2.2ip.5)x10_32{H2] 1500-2500 OH, Review 2
N (6.9+1.5)x107 11702, ) 1500-2500 NH, Review 2
ol 4.3x10” 1 2O hte) 230-300 H,0, Review 1
CH (2.843.0)x10" 1 %[, ) 1500-2500 CH,, Review 2
SH (2.5+5.0)x10"21 298 H,+S, Review 2
Ho, (6.7+6.0)x10 2 298 H 40, Review 3
(6.4+3.0)x10” 1t 298 20H, Review 3

1, 7.1x10_11exp(—3890/T) 300-1000 H,+H, Review 4
0, (5.941.0yx10" % (1/300) %49 [} 200-400 10, Revies ,
HCL  3.8x10 Mlexp(<1760/7) 195-497  H#Cl, Review 4
80 (i.11;.2)x10'32exp(+300/T)[32] 220-400 HNO, Review 1
F, 2.0x10_10exp(—1210/T) 294-565 HF+F, Review 4
€1,  (L4640.4)x10"Oexp(-593/1) 250-700  HCI+Cl, Review 1
co (2.0+0.6)x10 2exp(-850/T){#,)  298-773  HCD, Review 1
0, (1.441.0)x10" Oexp(-480+100/T)  220-360  OH+0,, Review 3
No,  (4.841.2)x107exp(-400470/T)  298-653  OHNO, Review 1
Hys  1.9x10 Texp(+860/T) 190-464  H S, Review 1
0cs (2.211.3);;10"14 300 CO+HS, Review 1
N, 6.8x107 exp(-6900/T) 843-963  H, ), Review 4
CH, 1.26x10"Oexp (~6000/T) 400-1800 H,+CHq, DF 5
G, 1.9x107Pexp(-4600/T) 290-579  HytC,Mg, Review 4
G,  (6.630.3)x10" Pexp(-1080/T) 206-461  PR-RA 6




NO

co

-12
(1.740.1)x10

(3.8+0.2)x10 Mexp(-1370/1)

2.2x10 M exp(-1880/T)

(1.88+1.12)x10 M exp (-1725+190/T)

(2.840.6)x10™ M exp(-2621+88/1)

(6.9+1.2)x10"3% [ie]
(7.142.5)x10 2 [Re]

(3.1+1.5)x10 2> [Ar]

(2.640.3)x10" 11

(3.5+41.5)x10711

3.3x10 1t

2.5%10 17

(4.8+0.8)x10"2}

(7.342.2)x10" 11

1.1x10710

(6.3+2.7)x107 % [He]

(1.3+0.3)x10" 11

(2.541.6)x10" 11

<10—12

<3.6x10713

(1.8+40.2)x107 10

<2.5x10" 3

<6x10” 17
<6x1017

<6x10717

298

206-461
297-652
298-500

27-199

300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300

300

PR-RA
PR-RA

H,+HCO, Review

2
FP-RE

CH35H+CH3,FP-PA

CH,, FP-RA

CH FP-RA

2’
FP- RA
FP-RA

FP-RA

DF-RA
FP-RA
FP-RA
FP-A

FP-RA
FP-RA
FP-RA
FP-RA
FP-RA
FP-RA
FP-RA
FP-RA
FP-RA
DF-RA
DF-RA

DF-RA

10

11
12
12
11
12
13
14
11
12
13
12
11
12
11
12
11
12
11
12
14
14

14



NO

CzH4

ccls)

He

Xe

<3.;c10‘16

P

(1.119.3)x10‘1°

(2.6+0.3)x10" L0

4.15x10" 11

(4.1+1.2)x1071*

2.5x10" 12

2.6x10" 11

<5x10712

(A.?i;.3)x10'll

9.2x10 11

(1.6+0.6)x10~ 1}

(3.741.7)x10" 11

(1.4+0.5)x107 0

1.7x10° 1%

(2.140.5)x107 10

-11
3.2x10

3.7x10710

<10-15

<2x10” Y

(7+1)x10" 12

<5x10713

f_axm‘l4

<5x107 12

2x10714

—43—

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

300

FP-RA

FP-RA

FP-RA

FP-RA

FP-RA

FP-RA

FP-RA

FP-A

FP-RA

FP-RA

FP-RA

FP-RA

FP-RA

FP-RA

FP-A

PR-A

15
15
15
ie
13
16
13
17
13
17
13
17
17
17
17
17
13

17

18
19
20
18
19
13

21



cl
NO

Cco

ccl

n('s)

<3x107 1

(3.240.2)x10" 12

(9.9+1.8)x10" 12

sx10” 14

(7.640.7)x10" L

(4.8+0.5)x107 11

§§x10'14

<3.5x10718

5}.0x10'16

10712
<sx10712

1.6x10" 11

1x10710

<o

3.0x10" 1%

<10—12

(9.0+1.6)x10" L

(1.0+0.5)x1071°

(5.2+1.2)x10" L
(2.740.5)x10 L

(3.340.4)x107 1

(9.4+2.5)x10" > [ar]

(8.345.0)x10" **exp(+500/T) [,

(1.8+1.0)x107 170 > 1w, ]

(3.8+1.5)x10 " Lexp (+85+100/T)

2

(4.4+2 .0)x10™ P exp (~32204350/T)

300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300
300

300

298

100-600
200-400
250-500

280-330

FP-RA

FP-RA

FP-RA

' FP-RA

FP-RA
FP-RA
FP-RA
PR-A

PR-A

FP-RA
FP-RA
FP-RA
FE-RA
FP-RA
PR-A

FP~-RA
FP-RA
FP-RA
FP-RA
FP-RA

FP-RA

DF-RA

NZ’ Review
N0, Review
NO+H, Review

NOH), Review

1%

20

18

21

20

18

19

21

21

20

18

20

19

19

21

20

18

2Q

20

18

20

22




1
0,{74)

)

C2H4
C3tg
cis-2-
Butene
CZHZ
1,3-
Butadiene

N(’D)

He

T Ar

<1x10716

200-300

(3.14+1.5)x10” 200-400
(3.0+1.5)x10" 2 298
<1.0x10”%3 298
(6.5i;.31x10'1“ 360
(1.140.2)x10™ 14 300
(6.5+0.8)x10” 14" 300
(1.740.2)30 14 300
(1.140.1) 51023 300
(2"2yx1071? 300
<1.5x10” 16 300
(1.040.6)x107 300
(2.240.8)x10™ 2 300

(9.4j2:g)xlo-léexp(—SloilSS/T) 200-400

3.5x10"37+2 200-400
(6.3+2.0)x10” 11 300
(2.5¢1.0)x10" 22 300

(1.240.3)x10 Hexp(-570470/T)  200-400
2.5 0) 107 300
(2.5+0.5)x1071° 300
sx10” 11 300
1.5x10 12 300
6x107Mt 300

NO+H0, Review
N2+O, Review
N20+0, Review
N0+02, Review
PR-RA

PR-RA

PR-RA

PR-RA

PR-RA

Quenching, Review
Quenching, Review
Quenching, Review
NH+H?, Review
Quenching, Review
N0+0(3P,1D), Review
N2+O(3P,1D,15},
Review

Quenching, Review

N.,4NO, Review

2
NO+CO, Review

NH+0H?, Review
NH+NH2?, Review

Review

Review

23

23

23

23

23

24

24

24

24

24

24

24

24

24

24

24

24

24

T 24




8 (’p)

11

24

24

24

24

24

24

24
24

24

o 1x10 300 Review

N 1:!(10-'12“:'{]'3 300 Review

Ar 7x10-'16 400 Review

H, (1.5i1.0):;10'15 300 Review

N2 2x10-1810'5 300 Quenching, Review

0, (z+1yx10712 300 no+o(lp, 's)?,
Review

-11 ]

NO (3.0+0.5)x10 300 Review

co gx10 1ot 300 Review

N,0 (at;)xlo_lq 300 N,+NO?, Review

CO2 (1.25i0.25)x10_15 300 Quenching, Review

o’p)

H (2.240.5)x10"%[n, ] 1500-2500 OH, Review

0 (5.211.3)x10'35exp(+900/T)[Ar] 190-4000 ©,, Review

N 2.6x10721170 3, 200-400  NO, Review

OH (2.311.0)xlo'llexp(+11011oo/T) 220-500 O +H, Review

SH (1.5¢0.5)x10"10 SO+H, Review

N 1.8x1074 295 CO4N, Review

clo (6.4+2.0)x10 exp(-1204220/T)  220-370  0,+C1, Review

NH,, 3.5%107 52 300 HNO+H, HO+NH,
Review

HO, (2.9+1.0yx10 exp(+2004200/T)  200-400 HO+0,, Review

G,  (L10.8)xi0 200-300  WH1,C0, Review

+2 -11

No, ('3 Hmio 298 0,4N0,, Revlew

cho  (2.140.4)x10710 CO,+H, COHIO,
Review

-18
Hz 9x10 298 HO+Q,, Review
o, (6.2i2.0)x10_3aaxp(T/300)F1'zsip's[oz] 0,, Review
200-300
co (6.5+4.0)x10"Paxp(-2180/T) [CO]  250-500  CO,, Review




NO

50
Ccs

HCL

NO

cig-2-
Butene
2-methyl-
2-butene
2,3-
dimethyl-
2-butene

(1.0+40.3)x10" *Lexp(T/300)

(1.9+1.0)x10 }[aAr]

(2.740.5)x10"

+1.0
-0.5

(8.041.5)x10"

(1.0 ¥x10~

(9.3+1.4)x107

(9.0+2.0)x10">2(1/300)

+1.3

—0.6>XIO

(1.4

(3.242,0)x10” Lexp(-6504100/T)

(4.042.0)x10°

1.oxlo'llexp(~220q11000/T)

(1.440.3)x10"

(2.5+1.5)x10" Zexp(~3020/T)

+1.0
=0.5

1x107H

(1.0 Ix10

(3.541.0)x10"

(4.240.7)x10 exp(~3200/T)
(5.5+1.0)x10 2 exp(-565/1)
(4.241.0)x10 Zexp(-38/T)

(9.842.0)x10 2exp(+165/T)
17,
(6.5+1.2)x10 " Zesp(+680/T)

(5.7+1.2)x10 2exp (+790/T)

10
11
12

12

11

3z

11

11

11

Cexp(-760+250/T)

-l,Gjp.SENZ]
200-300
298
150-300

exp(-3340+4350/T)  293-718

exp(-2060+2200/T) 220-400

230-340

-2.0;1.0[N2]

200-400
axp(-19204750/T) 290~-500

200-500

+200

exP(_lOOO—lOO

/1) [8,)
200=-400

200-300
300
300-1000
exp(-2500+100G/T) 250-370
298

exp(-4550/T) 350-1000

298-650
200-500
200-500

- 250-500
298-400

298-400

NO Review

2°

CO+S5, Review
HOHC1l, Review
O+03, 202, Review
N0+02, Review

NOQ Review

3

HO+HS, Review
Review

503, Review

HOHCL10, Review
Review

HO+NH Review

2

HO+HO Review

2!
Review
CH3

Review

+CHO, CH,COHI,,

Review
Review
Review

Review
Review

Review

25

25

25

25

25

25

25




1,3- (5.741.5)x10 2 exp (+380/T)
butadiene

¢ 1, (2.3+0.5)x10 exp(-1500/7)

CH,CL  (2.841.0)x10” Texp(-3690/T)

6Cl,  (3.3+2.00x10 Yexp(-2260/7)

4
CF,,CF, (1.3+0.5)x10" Zexp (-100/T)
+3.0 -11
Gy (3.372 )x10™ exp(-2000/D)
-13
CH G, (2.342.0)x10
CH,OH  (2.740.5)x20 Lexp(-2530+80/T -
H)G0  (2.9440.26)x107 exp(-1540435/T)

+2.0
-1.2

CH,OCH,  (9.843.0)x10 exp(-1520/1)

CH,CHO (2.3 yx10 Hexp(-1140/7)

H,C00  (2.9240.78)x10 Pexp(-680+80/T)

CH,SCH (1.319.5)x10'11exp(+390¢;00/T)

GHNH,  (9.02+1.0)x10" Zexp(-830+100/T)
o'y
He <3x1071®
Ar (3t2)x10—13
Xe (7.23;.4)x10'11
H, (1.140.4)x10~ 10
-1
02 (3.240.3)x10 “Texp(+67/T)
-11
N, (1.840.4)x10 " Lexp (+1074100/T)
NO (4.0+1.0yx10” 1t
co (3.6+0.5)x10" L
HCL  (1.340.3)x1070

298-400

200-700
350-1000
270-380
298-500
250-500
298

298
250-750
298-500
200-500
230-449
270-500

298-440

298
298
298

200-350

200-350

200-350
298
298

199-375

Review

Review
Review
Review
Review
Review
Review
DF, FP-RF
OH+4HCO, DF, FP-RF
Review
Review
PR-~RA
Review

FP~CL

Quenching, Review
Quenching, Review
Quenching, Review

RO+, 0(3P)+H2

Review
0Cry+0,(Cre, 28, 118
Review

Quenching, Review
Review

Quenching, Review

OH4Cl, Review

25

25

25

25

25

25

25

26

27

25

25

28

25

28

30

30

30

30
30

30



neo—C5H12

Czi-l4

€4tg
cis-2-
- butene

2-methyl-
2-butene

CF3H

CF&

CF2C12
CFCl3

CCIA

CyFg

CZFA

CH.,OH

(1.130.2)x10"

(1.8+1.0)x10"10

(2.4+0.2)x10"10

(2.3+0.5)x10720

(1.4+0.3)x10710

6.8x10 exp(+120+25/1)

(1.540.3)x10" 10

(4.4+1.0)x10" 1t

(7.2+1.5)x107 11
(1.340.7)x1070

(2.740.4)x10710

5,2x10” 10

(1.440.3)x20720

1.5x107 1L

(5.2+1.0)x10™10

(2.240.5)x107 10

(6.0+1.2)x10™ 10

(8.7+1.8)x10™ 10

9

(5.4+1.1)x10” !

(1.740.3)m10” 11

(1.410.3)x107 10

(2.340.6)x1071°

(3.3+0.8)x10" 0

<5x10712

(Ztilxlﬂ_lo

(6.6+3.4)x10710

298
100-400

200-350

298
200-354
298
200-350
200-350
298
204-354
300
200-300
260~-300
298
298
298

298

298

298
298
298
298
298
298
298

298

Review

Review

20§, H2+02,

0( P)+H20, Review
Review

Quenching, Review
Review

N2+02, Review
2NO, Review
Review

OH+NH2, Review
0H+H02, Review
HOHCH,, Review

3

H,CO+H

2 27 Review

Review
P-GC

insertion, P-GC

Review
Revieﬁ
Review
Review
Review
Review

Review

30

30

30

30

30

31

31

31

31

k1Y

30

30

36

OH+CH30(SOZ), Review 30




ols)

He
Ar

Xe

Cl

(5.0+3.0)x10 " exp (~300/T)

<1x10”12

n7x10”20

(4.8+1.0yx10" 8

(7+3)x10 exp(+380/T)

(2.6172.0):{10'16

(4.8+2.0)x10" Zexp(-850/T)

<sx10”Y7

(3.3+0.1)x10" 17003

(9.4+8,5)x107 2%

(5.8+1.2)x10710

(S.Oiﬁ.O)xlo-lo

(5.0+2.0)x10" 10

1

(3.8+1.0)x10" Lexp(-420/T)

1

(3.041,0)x10" Mexp (-1320/1)

(5.0+2.0)x10"10

(2.712.0);{10"14

1.0x10712

1.0x107°

8x10”10

9x10 10

107 B e

&xlo-jz[ﬂe]

(2.740.3)x1071°

(9.8+4,9)x10" 12

(l.210.5)x10_11

(1.240.6)x10" 0

(3.319.3)x10—10

—50—

200-370
298
298
200-380
200-300
298
200-450
200-380
200-300
298
298
298
298
200-370
150-500
298
298
298
298
298

298

300
300

300

300

300
600

300

Quenching,
Review
Quenching,
Quenching,
Quenching,
Review
Review
Review
Review
Quenching,
Review
Review
Review
Review
Review
Review
Review
Review
Review
Review

Review

FP-RA
FP~RA
FP-RA
DF-RA
FP-RA
DF-RA

FP-RA

Review

Review

Review

Review

Review

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

30

32
32
33
34
35
36
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co

NGO

5iCl

s1('p)

He
Kr

Xe

<3x1073

(1.140
(2.0+1.
(1.130
(1.9+0.
(8.2+4.
<1014

(2.240.
(4.940.
(2.4+0.

(7.241.

o715

<4x107L
<6x107%
8.1x10°
<sx10”t
2.3x10°
(8.2+2.
6.1x10°
1.1x10°
7.1x10"7
1.7x10°
1.7x10°
1.3x10

3.7x10

Jyxior

3
10

0)x10-11

yxio L

2)x10" 10

x1o711

::)xm"10

3)x10710

3xi0” 12

2)x107t

5
5
11
2
i1
l)xlO—ll
11
11
11
11
11
10

10

300
300
300
300
300
300
300
300
300
300

300

300
300
300
300
300
300
300
300
300
300
300
300
300

300

FP-RA

FP-RA

DF-RA

FP-RA

FP-RA

DF-RA

FP-RA

FP~RA

FP-RA

FP-RA

FP-RA

FP-RA

FP~RA

FP-RA

FP-RA

FP-RA

FP-RA

FP-RA

FP-RA

FP-RA

FP~RA

FP-RA

FP-RA

FP-RA

FP-RA

32
32
34
32
33
34
32
32
32
32

33

37
38
38
37
38
37
35
38
38
38
38
38
38

38




CoHy

CF

gicl

sicls)

He
Kr

Xe

§icl

sy

OH

2.0x10710

<4.2x10712

2.9x10710

<1.ax10” 1

<tx19”L3

<6x10”13

<ol

P

(1.5+40.2yx20" 11

(I.Bip.B)xlﬂ_lo

(7.3+0.1)x10" 1t

<07

(1.240.05)x107°

(1.719.3)x10'11

(4.340.4)x10" 11

11

10

(9.4+1.2)xi0

(2.540.3)x10°

(1.140.1)x10" 10

(4.3+0.8)x10” 12

(9.141.4yx10” 4

(6.6+1.4)x10 1

(1.740.5)x10™ 2exp (+153+108/T)

(2.9+0.8)x10"13

300
300

300

300
300
300
360

300

300

300

300

300

300

300

300

300

300

300

300

300

300

296-410

298

FP-RA

FP-RA

FP-RA

FP-RA

FP-RA

FP-RA

FP-RA

FP-RA

FP-RA

FP-RA

FP-RA
FP-RA
FP-RA
FP-RA
FP-RA
FP-RA
FP-RA
FP-RA
FP-RA

FP-RA

SOHH,
S0+0,

DF-RF

DF-EFR

DF-RF

38
k.

37

19
38
38
40
40
39
35
40
40
40
39
39
40
40
40
40

39

42

43



Cl

NO

NO

0Cs

CS2

Cqllg

1-Butene

cig-2-
Butene

2,3-
dimethyl-
2-butene

Coly

Thiirane

s(ln)
He

Ar

(1.140.1)x10” 1

(5.3+0.3)x107> [co, ]

(1.240.3)x10" 1

(6.241.4)x10"!

(4.9+1.0)x10 Lexp(+84460/T)

(1.5240.20)x10~ 12

13

exp(-1826+60/T)

(6.5+6.0)x10"

1.2x10"12

(7.13+0.74)x10™ Y exp (~795+40/T)
(6.034+0.72)x10" 2exp(~191+45/T)

(7.41+1.15)x10 P exp(~181+45/T)

(1.5+0.17)x10" 11

(4.68+0.70)x10™ 2exp(+116+45/T)

i

(4.68+1.70)x10 exp (+649+116/T)

(1.040.1)x20" 10

(5.040.5)x10" 13

(4.4740.26)x107 1T

(2.3+0.3)x107!

<4.4x107 1

>1.9x107 1

zﬁ.?xlﬁ—lz

2}.75x10—11

>2.2x10" 0

(3.040.3)x10™ 10

(1.241.0)x10"10

298
298
298
298
296-410
233-445
298
298
219-500
214-500
216-475
298

219-5G0

252-500

298
295
298-355

298

300
300
300
300
300
295

300

DF-RF

SNO, FP-A
DF-RF

SCHNO, DF-RF
DF-RF

CO+S FP-RF

2!
Review
FP-A
CZHﬁs’ FP-RF
FP-RF

FF-RF

FP-a

FP-RF

FP-RF

FP-A

C,H,S, FP-RA

C2H4+SZ’

C2H4+Sz,

FP-RF

FP-A

FP-RA
FP-RA
FP-RA
FP-RA
NSHNO, FP-RA
§,+C0, FP-RF

FP-RA

43
44
43
43
42

45

46
47
48
48
49

50

50

49
51
52

53

54
54
54
54
55
56

57
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CH

s(ts)

He

Ar

Xe

co
NG

NOi

Qcs

" (3.240.4)x107T

(3.5+1.0yx10 10

(l.Sip.B)xlO-lo

(1.8+0.5)x10710

(1.2+0.3)x1070

(5.043.0)x10” exp(-307+191/T)

(7.5+0.8)x10" 2

<1.25x10 17

fﬁxln_ls

<5x10” 13

<6x10718
<(3.5+1.5)x10"Y

<10-13

<l.6x107®

(4.0+1.0)x1071>

5(8.610.9)x10_16

(7.7+1.5)x10" 18

<1x10”Y7

(6.040.6)x10™ 13

<(3.5+0.7)x10 18

0

(6.1+0.8)x10 20

':3x.l.0_15
<6xt0” L7
(a+2yx10”13

1.0x10~ 11

295
300
295

300

200-365
300
300
296
300
296
298
300
296
300
296
298
296
298
298
298
298
298
298
298

300

FP-RF
FP-RA
FP-RF

FP-RA

FQ
FQ

FP-RA

FQ
FQ
FQ
FQ
FqQ
FQ
Fg
FQ

FP-RA

56
57
56

57

58
59
54
60
54
60
61
54
60
62
60
61
60
61
&1
61
61
61
61
61

62




cos

CH

€H,Cl

CHCL1

CHF

(8.1+0.8)x107 10

(1.040.2)x10710

(4.9+0.5)x10710

(1.5+0.2)x10"*°

(4.440.5)x10" 14

(1.3+0.2)x107%3

(1.640.2)x10"23

a.0x10'34[N2}

(1.940.5)x10" 0 xp (-5 704150/ 1)

(1.3+0.8)x10 >%(1/300) L4310

(1.140.4)x10719

(2.2+1.1)x10 0

2.5x10” 4L

4,2x10" M exp (~450/T)

+3.0
-3.0

t=(9.8+1.6)x107 > {n
11

.27 0 x10" M exp(~400+200/1)

21
k_=(3.240.8)x10"
I

2.8x10 Mexp(~230+200/T)

(2.5240.19)x107 1t

(3.otz,o)xlo"loexp(-aooi;SO/T)

(2440, 7510711

(0.63+0.14)x10711

0.63x10 exp(-1210/T)

(N

51

298
298
298
298
298
298

298

295

190-770

200-300
298
300

298

240-370

298

298
295
250-450
298
298

301-667

FQ
FQ
FQ
FQ
FQ
FQ
FQ

FZ’ Review
HF+H, Review

FOZ’ Review

ClF+Cl, DF-MS
BrF+Br, DF~RA
FH+C1, DF-A(L)
Review

HF+HQ, Review

FONG, IRMPD

FO+0,,

SF+CO, DF-Ms

DF-MS

HF+CH Review

3’
HF+CHZCI, DF~MS

HF+CCl,, DF-MS

3'
HF4+CFy, DE-S

6l
61
6l
61
61
61

61

63

64
65
66

67

69

68

70

64
64

64




01(2P3/2)

cl

HO

NO

HBr
HI

BrCl

ClONO2

6.32x10 > 4exp (908+55/T) [ Ar ) 195-514
(L .8+1.00x10 Llexp(+1704250/1)  250-420

(3.7+1.0)x10 “Lexp(-23004200/T)  200-300

(1.130.2)x10 71 [N, ] 293
'(1.1330.10)x10'3zexp(532120/r){NZJ
200-400
(7.440.7)x10712 295
(1.6+0.1)x10"0 295
(1.1.51_0.2):;10'11 298
(1.9ip.z)x10’1° 298

(2.740.4)x10 Vexp(-257+100/T)  205-298

(1.4840.4)x207 [0, ] 296
3x10” Pexp (-150/T) 200-300
(5.940.9)x10" Yexp(~0+120/T) 298-588
6.8x107 13 300
(9.8+0.8)x10711 298
(B.in.S)xlO_ll 293
(6.0+1.2)x10" - 296
(5.140.7)x107 11 296
<4107 298
(2.31p.5)x10'33[N21 295

(1.140.5)x10 Lexp(-9804500/T)  265-424

5;.7x10'1“ ‘ 298

-12
5.1x10" exp(-1700/T) 240-300
6.8x10 Mexp(+160+200/T) 219-293
7.3x10 +2exp(165/T) 220-296

Clz, Review

HC1+O Review

2!
HC1+H, Review
C1NO, Review

FP-RF

HC1+Br, LP-CL(IR)
HC1+I, LP-CL(IR)
C1,4Br, DF-CL
BrCl+8r, DF-RA

C104+0 Review

2t
ClNOz, DF-RF
HC1+C1l0, Review
2C10, Review

612+CIO, Reviaw

CL,+C10, DF-RF, MS

Clz+NO, Review
HC1+HS, LP-CL{IR)
HC1+HS, DF-MS
CO+SCL, DF-MS®
ClSOz, DF-MS

HC1+HO Review

2!
HCl+N03, Review
FP-RF

Review

FP-RF

71

71

72

73

73

74

75

76

71

71

17

78

79

79

80

81

82




CHé

Gl
CH3F
oH,CL

CHCl3

CH3CH2C1

CHBCHCI2

CH201CH2C1

CH201CHC12

. HZCO

CH30H

CH,_,,OCH3

CHBOOCH3

CH3CN

SiH
GeH
AsH
e,
He
Ne
Ar
Kr

Xe

<2x107t

(9.642.5)x10 %
(7.741.0)x10 e
(4.79+1.05)x107 "
(3.4+0.8)x10" e
(1.2340.34)x1071

(2.34+0.42)x107t

(8.19+1.84)x107>

(2.2140.51)x107 "
(4.88+1.41)x107L
(7.9+1.1)x10 e

(6.33+0.70)x10~*

(1.7640.15)x107"

(1.2040.26)x10" %

5

(8.89+1.24)x107 L

(3.46%0,70)x107"

(9.242.0yx10"11

(2.441.8)x10"10

>2,0x10" 10

(3.840.6)x10"%>

(4.0+0.5)x10” 1%

(1.140.3)x10712

(1.440.2)x10"12

(1.8+0.2)x10™ 11

xp(-1350+250/T)
xp(~90+100/T)

2exp(—772154/T)
xp(~1260+200/T)

3

lexp(*3lOi§6/T)
2 exp(-554+71/T)
L exp(-793473/T)
Zaxp(-786+88/T)

xp{-344100/T)
1

0

0

5

Lexp(-2785+115/T)

200-300
220-350
216-296
233-350
298

257-426
257-426
257-426
257-426
200-500
200-500
200-500
220-330
298

295

295-723
298

298

298

300
300
300
300

3G0

HCl+CH3, Review

HC1+C HS’ Review

2

HC1+CH,F, FP-RF

2

HCl*CHZCl, Review

HCl+CC13. Review

LP-RF

LP-RF

LP-RF

LP-RF

HC1+HCO, Review
H(ll‘i'Cil2
FP-RF
FP-RF
FP-RF
DF-ESR-MS
DF-~-ESR-MS
DF-RF
DF-RF

DF-RF

2
C1( P3/}, FP-RA
FP-RA
FP-RA
FP-RA

FP-RA

OH, FP-RF

83

71
84
84
B4

84

85
85
86
87
88
88
89
89

89

90
91
91
91
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HCI
co

CO2

CCl

CFC1
CF,Cl
CF,.Cl

CF

Br(2P3/2)

" HO
icl

IBr

C1NO

}1202

7x107H

<6x10™ 13

(6.3+1.0)x10"

(2.340.3)x10°
(4.5+0.4)x10°
{1.140.1)x10"

6x10”12

<sx10713

(3.7ip.6)x10“
(2.640.5)x10"
(3.940.8)x10"
(2.140.4)x10"
(3.140.6)x10"
{2.140.4)x10"
(2.240.4)x10"

(1.540.4)x10"

2.2xl0_13

(3.04+0.8)x10"
(3.5+0.6)x10"
(1.4+0.3)x107
(1.040.2)x10°
<2x1071?

<3x10712

(1.7ip.8)x10-11

13

i1

11

12

13

12

12

10

10

10

10

10

14

11

N xp(~760+200/T) -
11

exp(-800+250/T)

300
300
300
300
300
300
300
300
300
300
300
300
300
300
300

300

298
298
298
220-360
298
298
298-417

223-480

FP-RA
FP-RA
FP-RA
FP-RA
FP~RA
FP-RA
FP-RA
FP-RA
FP-RA
FP-RA
FP-RA
FP~RA
FP-RA
FP-RA
FP-RA

FP-RA

DF-MS
Brcl+I, DF-CL
Br,+I, DF-CL

Bro+ Review

2!
BrCl1+H0, Review

HBr-+HI0 Review

2!
DF-MS

HEC+HCO, Review

92
93
93
93
90
93
93
93
93
93
93
94
94
94
94

94

95

73

67

96




Br(zPllz)
cl
BrCl
Br
Icl

IBr

I(ZPQ/Z)

NO

NO

1(2p1/2)
cl
Br
ICL
IBr
HCl
HBr

H1

HCN

(2.2+1.4)x10” 1

(2.941.4)x10"2

(6.7+0.4)x10" 13

(9+4)x10 3

(1.0019.14)x10'12

(1.86+0.37)x10™ 12

(7.442.0)x10" > [Ar]

(1.840.5)x107>2(T/300)

+

2.9"2 Hx107 (1/300)

1.0x10 12410

(2.5+0.9)x10" L

-1.040.5

-1.040.5

298
298
298
298
298

298

298

i, ]

200~400

8,1

298-450

2

298

2oxp(-1600+300/T)  200-400

(4.041.5)x10 Mexp(-400+300/T)  200-400

11

(1.6+0.3)x10" 300
(2.0+1.0)x10~ 300
(4.440.9)x10" Mexp(-290470/T)  200-400
(1.3#0.x10713 295
(5.240.4)x10"4 293
(8.4+1.1)x10" > 293
(1.8+0.4)x20™ 293
(6.8+0.7)x10™ 14 295

LP~FQ(IR)
LP-FQ(IR)
LP-FQ(IR)
LP-FQ(IR)
LP-FQ(IR)

LP-FQ(IR)

12, PFr-A

ING, Review

INO Review

2°

10+0 Review

2!

1C1+C1, FP-RF
IBr+Br, FP-RF
1,+C1, FP-RF

1,#Br, FP-RF

FP-RA

FP-RA

FP-RA

FP-RA

FP-RA

FP-RF

97

97

97

97

97

97

98

99
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99
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101

101

101
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15
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13
3
5

5+0.6)x10” 16
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8540.40)x10™ 1>

295
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295
295
295
295
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298
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295
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298
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Fp-RF

FP-RF

FP-RF

FP-RF

FP-RF

FP-RF

FP-RF

FP-RA

FP-RF

FP-RF

FP-RA

FP-RF

FP-RA

FP-RF
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Table 3-2 Rate Constants for radicals of group II

Reactant Rate constant Temp. Comments Ref.
(cm3molecule_15—1) (X)
e, (k'

H, (1.3510.6)x10“12 298 MPD-LIF 1
(1.&10.2)x10‘12 300 IRMPD-LIF 2
(1.811.0)xlU—loexp(—lATQiZZOIT) 295-493  MPD-LIF 3

N, <ax10714 300 IRMPD-LIF 2

0, (2.8240.09)x10 12 298 MPD~LIF 1

NO (2.140.3)x10"1¢ 300 IRMPD~LIF 2

co, <3x107H 300 IRMPD~LIF 2

H,0 <3x107H 300 IRMPD~LIF 2

CH, (1.87+0.05)x10™ 298 MPD-LIF 1
(I.TiQ.Z)xlO_ll 300 IRMPD~LIF 2
(5.osto.15)x10'11exp(-30qilofr) 298-517  MPD-LIF 3

CF <3x107H 300 IRMPD-~L IF 2

CpHg  (1.59+0.05)x20™'0 298 MPD-LIF 1

CyHg (3.310.2):(10'10 300 1RMPD~LIF 2

C,i,  (3.2640.05)x10""0 298 MPD-LIF 1

C,HF  (2.040.2)x10° 10 300 IRMPD-LIF 2

C,F, (5.93j0.14)x10_ll 298 MPD-LIF 1

C i Cl  (4.9+0.6)x107 " 300 [RMPD~LLF 2

C,HC1, (z.ajo.Z)xlo“lo 300 IRMPD~LIF 2

C,CL,  (2.640.2)x10™ " 300 TRMPD-LLF 2

C,H, (4.340.4)x10" 10 300 IRMPD-LIF 2

CH,C,H (4.740.4)x10710 300 IRMPD-LIF 2

Cg  (5.2+0.4)x10710 300 IRMPD-L IF 2

CH, 0N (4.440.3)x1071 300 IRMPD-LIF 2
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C2{33Hu)
Ar

Kr

Xe

nCHo

Col,

<3x10—14

(2.0+0.2)x10” 13

(4.5i0.4)x10—12

(5.54+0.44)x10" 2exp(26+30/T)

<5x10” 12

(1.55+0.10) x10™ exp(~3012431/T)

(1.8040.22)x10” exp(~3710472/T)

<3x1071%

(2.96+0.07)x10" 12

(2.740.3)x1071!

(7.5+0.3)x10" 1

<3x107 4

<3x10” 14

<1x10716

(1.6510.zo)xlo'llexp(~2800155/T)

<3x10 14

(1.30+0.06)x10"1?

11

(Z.42+0.10)x10 " exp(-919+15/T)

(1.66+0.10)x10™ 10

(1.84+0.17)x10” Mexp(-97+36/T)
(4.940.5)x10 Hexp(-71441/T)

(L.44+0.06)x10™ 10

(1.740.2)x10" 0

(1.2040.16)x10” Pexp(5+46/T)

(7.640.5)x10" 11

(1.2240.09)x10"10

(3.8+0.2)x10 1

(6+0.5)x10713

(9.6+0.3)x10 1

(2.6+0.2)x10710

300
300

300
300-600
298
300-600
300-600
300
298

300

300

300

300

298
300-600
300

298
300-600
300
300-600
300-600
298

300
300-600
300

300

300

300

298

300

1RMPD~LIF
IRMPD-LIF
IRMPD-LIF
MPD-LIF
MPD-LIF
MPD-LIF
MPD-LIF
1RMPD~L,IF
MPD-LIF
IRMPD~LIF
IRMPD~LIF
IRMPD-LIF
IRMPD-LIF
MPD-LIF
MPD-LIF
IRMPD-LIF
MPD-LIF
MPD-L.IF
IRMPD-LIF
MPD-LIF
MPD-LIF
MPD-LIF
[RMPD-LIF
MPD-LIF
IRMPD-LIF
IRMPD-LIF
IRMPD-LIF
IRMPD-LIF
MPD-LIF

IRMPD-LIF



Cqtg

l—CI‘H8

615--C£'[-l8

iso—C&HB

2-M-28

2-Cellg

allene

2, 3-PDEC

2, 4-w2Dd

(7.6+0.4)x10" 1

(5.7+40.4)x10 1

300

300

298
298

294

(1.7140.52)%x10" Y 2exp(~32774164/T) 295-610

(5.04+0.31)x107 14

294

(1.04+0.06)x10 axp(-159421/T)  295-610

(9.17+0.61)x10™

(1.2240.05)x10713

(6.16+0.14)x10713

294
exp(-139+17/T)  295-610

294

(2.1010.10)x10“13exp(201i18/T) 295-610

(4.83+0.19)x10712

(4.20+0.17)x167L

(1.49+40.10)x10™ 11

294

Jexp(759+15/T)  295-610

294

(5.5740.45)x10 exp(1014430/T)  295-610

(2.10+0.18)x10™"

<1x10”%3

Zexp(917437/T)  295-610

294

(9.09+2.67)x10™ Zexp (-4065+163/T) 295-610

(3.2940.07)x10713

(4.93+0.46)x107

(5.59+40.31yx10713

(6.66+0.30)x10712

294

exp(-121+35/T)  295-610

294

294

(1.0840.01)x16  Pexp(695+428/T)  295-610

(8.9+0.6)x1071%

43310 %3

(1.07+0.09)x10" 12

(5.2341.57)x10"12

294
298
294

294

IRMPD-LIF

IRMPD-LIF

IRMPD-LIF
IRMPD-LIF
MPD-LIF
MPD~LIF
MPD-LIF
MPD-LIF
MPD-LIF
HPD-LIF
MPD-LIF
MPD~LLF
MPD-LIF
MPD-LIF
MPD-LIF
MPD-LIF
MPD=LIF
MPD-LIF
MPD-LIF
MPD-LI¥F
MPD-LLF
MPD-LIF
MPD-LIF
MPD-LIF
MPD-LIF
IRMPD-LIF
MPD-LIF

MPD-LIF

10
11
10
11
10
11
19
11
10
11
10
11
11
10
11
10
11
10
10
11

10

10

10




e’
o(’p)
n's)

H,

co

RO

V4710

c-C3H6

©=Celia

C2H4

(9.5+1.4)x10711

(2.140.5)x10"10

0.7m4.5x10'11, 25600 Torr Ar

(2.3740.63) %107 2exp(524+43/T)

2.0019.2x10° 13, 250787 torr Ar

(1.740.3)x10 M exp(981465/T)

(5.940.8)x10™ 41

(3.3+0.4)x107 1

(8+3)x10 11

(2.140.3)x1071!

(2.940.7)x10710

(2.0+0.3)x10710

(2.5+0.5)x10710

(1.940.4)x10712

(7.8+1.4yx107 11

(1.67+0.11)x10" 10

{1.0240.04)x10" 10

llexp(ZOOiJIIT)

10

(5.040.5)x10”
(2.7+0.2)x10"
(1.84+0. 20210 exp(132430/T)
(3.7+0.6)x10"10
(5.840.5)x10710
(4.4+0.8)x10™ Oexp(28+60/T)

(2.4+0.7)x10710

(4.6+1.9)x10"10
(2.1+0.8)x10710

(2.240.4)x10710

298
298
297

159-400

297

297-675

298
298
298
298
298
300
298
298
300
300
298
167-652
298
162-650
298
298
257-653
298
298
298

298

IRMPD-LIF
IRMPD-LIF
LP-LIF

at 100 Torr Ar,
LP-LIF

LP-LIF

at 100 Torr Ar,
LP-LIF

LP-LIF
TRMPD-LIF
CL

LP-LIF
LP~LIF
IRMPD-LIF
CL

LP-LIF
IRMPD-LIF
IRMFD-LIF
LP-L1¥
LP-LIF
LP-LIF
LP-LIF
LP-LIF
LP-LIF
LP-L1F
LP-LIF
LP-LIF
LP-LIF

LP-LIF

12

12

13

i3

14

14

15

16

17

15

15

18

17

15

18

18

19

19

19

19

19

19

19

15

15

15

15



CH3CZH

Cellg

CH(AZA)

=Cto

3
CH2(§ B))
CH

CH

CO

NO

(4.6+1.5)x10 1°

(7.943. )10

(9.0+0.8)x10"12

(2.8io.3)x10'll

(1.5:0.1)x10_11

(5.2+0.3)x10" 11

(1.04+40.04)x10"

(4.6_11.0)::10'12

(2.0+0.1)x10" 11
(1.1040.05)x10" !

(1.710.1)x10'10

(Z.AiQ.Z)xlo_lO

(1.910.1)x10'l°

(1.9+0. Dx10720

(5.3i;.5)x10'11

(1.0+0. x10™ 0

5.0x10 1

<5x107 L2

1.2x10" 12

(1.5+0. Dx1072

<1.0x10713
1.ox107tt
(1.619.1)x10'11
<5x10” %
4.0x107

12

(7.541.0)x10"

10

298

298

298
333
298
298
298
298
298
298
298
298
298

298

298
298
298
298
298
298
298
298
298
258
298

298

LP-1IF

LP-LIF

MED-FQ
DF-FQ

MPD-FQ
MPD-FQ
MPD-FQ
MPD-FQ
MPD-F(Q
MPD-FQ
MPD-FQ
MPD~FQ
MPD-FQ

MPD-FQ

FP-A(UV)
FP-GC
FP-GC
FP-GC
FP-GC
FP-GC
FP-GC
FP-GC
FP-GC
FE-A(UV)
FP-GC

FP-GC

15

15

20

21

20

20

20

20

20

20

20

20

20

20

22

23

24

25

25

26

26

25

26

22

25

26




vl
CHZ(a AI)
He

Ne

NO
CH

CH.,CO

vl e
CHZ(b Bl)

Ne
Ar
Kr

Xe

(3.1+0.3)x10~
(4.240.6)x10"
{6.0+0.5)x10"
(7.040.6)x10"
(1.640.2}x10"
(1.3040.10)x1
(8.8+0.3)x10"
(3.040.4)x10
(5.6+0.5)x10
<ax1o”tt

(7.340.6)x10
(2.140.6)x10
3.5x107 12

(3.241.2)x10"

(5.040.5)x10"
(6.5+0.5)x10"
(2.040.3)x10"
(1.5+0.2)x10
(2.3+0.2)x10
{1.940.3)x10"
(2.240.1}x10"
(1.740.3)x10"
(3.6+0.4)x10"

(3.440.4)x10"

12
12
12
12
11
o
12
11

i1

11

10

11

11

10

10

10

10

10

10

298

298

298

298

298

298

298

298

298

298

298

298

298

298

298 -

298

298

298

298

298

298

298

298

298

IZMPD-LIF
IRMPD-LIF
IRMPD-LIF
IRMPD-LIF
IRMPD-LIF
IRMPD-LIF
1RMPD-LIF
IRMPD-LIF
IRMPD-LIF
FP—CC

IRMPD-1LIF
LP-GC

FP-GC

FP-GC

IRMPD-LIF
IRMPD-LIF
IRMPD-LIF
IRMPD-LIF
IRMPD-LIF
TRMPD-LIF
IRMPD-LIF
IRMPD-LIF
IRMPD-LIF

IRMPD-LIF

27

27

27

27

27

27

27

27

27

26

27

28

25

26

27

27

27

27

27

27

27

27

27

27



CH

03p)

CH

1.5:;10'13

1.0x10" 12

4.0x10" 12

(2.140. 3)}x10" L

(1..240.2)x10" 12
(6.5+0.4)x10712
(3.1+0.5)x107 12

(3.110.2):(10'1l

1.0x10 11

(6. 6+1.3)x10”  2exp(126+50/T)

1

k_=1.7x10" lexp(l32ilZ/T)

temperature and pressure depend.

temperature and pressure depend,

(3.9+0.8)x10711

(9.041.8)x1071?

k_=(1.5+0.7)x10" 10

(1.14+0.29)x10™ >0

(1.38+0.46)x10720

(1.040.2)x10" 10

k,=(4.040.7)x1071

297

297

297

300

297

297

297

297

296

297-602

293-571

382-453

296-404

300

300

300

298

298

259-341

250-420

€ H,+H, FP-A-GC

C,HO+0, FP-A-GC

CO+HCO,FP-A-GC

LP or IRMPD-CL
FP-A-GC
FP-A-GC

CIHD+C2D5,FP—A—GC

€, HyH, FP-A-GC

HCO+CH20,LP—PIMS

LP-PIMS

CGHIO'LP_A(UV)
>
+C3H502,LP-PIMS

N
7€ H N, LP-A (DY)

IRMPD-FIMS

IRMPD-PIMS

CH, ,FP-GC

CR,0+H,DF-PIMS

2

CH20+H,DF—PIMS

CH,0+H, DF~PIMS

€yl

recommended value

29
30
30
31
32
32
3z

29

33

33

34

35

36

36

37
38
39
40

41



Cl

Br

NO

NO

50

o

4

0.86.1x1071%, 0.5%6. 7Torr Ar, N

1a,0.5%6.5T0rr He

2
5. 2x10°

x_-2x10"1

< sx107%7

(1.5+0.1)x10712

(2.0+0.4)x10" 1L

k_=(1.240.1)x107"

K =3.2x107 11
oo

k_-1.7x10"1

k_=0.4x10"1
(2.6140.23)x10™ 12
(5.4+1.5)x10" 2exp (~216+80/T)
(2.540.5)x10” 1L

(2.9+0.4)x107"3

(1.440.6)x10” 1!

(2.140.4)x10" 1t

(1.510.3)x10'11

1.203.6x10712

,0.6v10Torr He
k_=h.4x10712

30, 8x10 12
(2.140.5)x10713
importagt above 600K
(2.53+0.58)x10" 11

(4.5+0.9)x10" 11

,temperature depend.

298
298
200--400
298
298
298
298
298
298
298
298
243384
293

298

300-850
298

902

295

295
294-1002
295
294-1002
298

293

CH,0,,

CH302,DF—PIMS

CH302,Review

CH20+OH,Review

LP-PIMS

CH,C14CI, LP-FQ(IR)

3

CH,Br+Br , LP-FQ(IR)

CH4NO, FP-GC

CH,NO, FP-GC

CH,NO, FP~A (UV)

CH_NO, FP-A{UV)

3
LP-PIMS

LP-PIMS

CH30+NO,IRMPD-PIMS

CH,50,,, FE-A(UV)

DIwao.lﬂ,MM-A(UV)
D/Rf=0.14,FP~A(UV)
D/Rf=0.44,PY

C2H502,DF-PIHS

CZHSOZ,DF-PIMS

CZHSOZ,IRMPD—PIMS

CZHa+H02,DF—PIHS

CZHa+H02,IRHPD—PIMS

LP-PIMS

DF-PIMS

42
38
43
44
67
67
45
46
47
48
49
49
50

51

52
53
54
55
55
56
55
56
57

58




1—C3H?

1—C3H7

1—C4H9

c-Cshg

NO

(1

(5.

(2

(8

(1.
(1.

(4.

(7

(1.

(8.

(4

7.8x10°

1.1x107

(2

(5

(3

.740.2)x107 11

519.9)x10“12

L4440, 59)x10" 1L

.042) (1/300) "0+ 3x10”

3+0. 3)x107 11

4140, 24)x107

65+1.06)x10 1

(541, 4)x107 12

66+0.22)x10 11

741.9yx10710

.040.6) (T/300) L 7x1

12
12

.3440.39)x107 1L

L4541, 14)x107 2

.119.7)x10'11

12

0

1

D]
z

298

298

298

300-800

298

298

298

298

298

298

300-650

298

700

298

298

298

p/rF=0.19, Fr-a(Uv)

CBH?OZ’

LP-PIMS

FP-PIMS

p/RE=0.65, p01-a (UV)
p/rf-0.65,P-A (V)
CJH?OZ,FP—PIMS
LP-PIMS

v
CaH902,FL PIMS

C4H902,FP—PIMS

DF-PIMS
£

D/R"=2.8,MM-A(UV)

p/Rf=2.9, Lp-A(1R, L)

PY-MS

C,Hg0,, FP-PINS

LP-PIMS

DF-PINS

59

60

57

52

59

60

57

61

61

62

52

63

64

61

57

58




Benzyl

NO

Ccl

o-MB8

NO

p-MBg

NO

(0.

(1

(9.

(1

(5.

(8.

(1.

(8

.1240.113x10°

.240.07)x10""

99+0.07)x10™ 12

.sip.z)xlo‘l2

511.2Jx10'12

12

741.9)x10  Zexp (- 443+116/T)

2

6+0.8)x10" 12

1+0.1)x107-2

.940.9)x10712

298
2Y5=372
298
295

295-372

298

298

298

298

PF-A(GY)
LP-LIF
PF-A(UV)
LP-LIF

LP-LIF

FP-A{UV)

FP-A(UV)

FP-A(UV)

FP-A(UV)

63
66
65
66

66

65

65

65

65

a)Z—M-ZB; 2-methyl-2-butene,

c)

E)Cﬂz(%lBlJZ(O,lA!O) state.

g)

2,3-PDE; 2,3-pentadiene.

d)

MB; methylbenzyl radical.

b)TME; tetramethyl ethylene
2,4~MPD; 2,4-dimethyl-2,3-pentadiene

f)D/R; disproportionation/recombination
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Table 3-3 Rate constants for radicals of group III

Reactant Rate gonstant Temp. Comments Ref .
(cm3molecule—ls-l) (K)
c,0(’17)
H (3.741.0)x10 >t 298 LP-LIF 1
H, (743)x107H3 298 LP-LIF 1
<ax1o714 298 LP-LIF 2
0, (3.3030.12);:10‘13 298 LE-LIF 2
No (4.33+0.12)x107 11 298 LP-LIF 2
co, <1x107t4 298 LP-LIF 2
iso-C il (1.1240.05)x10™ "> 298 LP-LIF 2
c i,  <lxto”t 298 LP-LIF 2
oM, <uxio”t 298 LP-LTF 2
czo(Xjn J
Ar (1.95+0.04)x10™ 1 298 LP-L1F-FQ 3
N, (4.0040.07)x10"1? 298 LP-LIF-FQ 3
o, (5.6740. 21yx10712 298 | LE-LIF-FQ 3
€40, (2.35_+_0.08)x10'11 298 LP-LIF-FQ 3
HCCO
o’m)  (2.040.5)x1071? 298 200+H, DF-PIMS 4
0, (3.742.0)x10" 14 298 DF-PIMS 5
BCO
H (5.51&.0):(10'10 298 H,+C0, LP-A(IC) 6
(1.240.3)x10720 298 FP-A 7
o’p)  (2.140.4)x10" 10 298 OH+CO, DF-PIHS 8
Br (2.8+1.2)x10"10 298 DE-LIF 29



HCO

NO

CH,CO

CH

CH_CO

NO

NO

C H_CO

NO

CH.,OH

CH.0O

(2.5+0.6)x10”

(6+4)xt0” M

(2.3+0.5)x10" 1

(5.7+1.2)x1071?

(5.6+0.9)x10 712

(4.65+0.6)x10™ 12

5.5x10 g0+ 4403

(8.5+1.0) %1072

(1.26+0.2)x107 1t

1.2x10 10704103

-10
kw=1.4x10

k_=5.8x10"

&m=(2.0¢o.4)x10'12

(9.3+42.7)x10" 3

11

(5.7+1. 0)x107 12

(9.4+3.5)x107 12

(1.440.4) 10712

(24221071

1.07x107

1.05x10 Pexp(-1310/T)
1.32x107 %3

(1.26+1.0)x10™ 1 Pexp (~1352+4340/T)

85—

298
298
298
298
295
298-503
298
295

298-503

298
298
298
298

295

298

298

298

298

290
140-355
298

296~450

LP-A(IC)

FP-A
H02+CO,DF—PIMS
FP-A

LP-RA

FP-LA

HNO4CO, FP-A
LP-RA

FP-LA

FP-A

FP-A
CH3C03,FP-PIHS
FP-PIMS

CH,CO,+NO, .

IRMPD-PIMS

FP=-PIMS

FP-PIMS

H02+CH20,DF-F

DF-LMR

CH,0+HO, , LP~LIF

LP-LIF

10

11

10

11

12

12

13

13

14

13

13

15

16

17

17

18

18




co

NO

1so—C4H10

l-—Cl‘H8

CH302

NO

NO

<1x10714

(2.08+0.12)x107

2.6x107 11

(1.6840.05)x10" 2

7.9x10” 1

<2x107 14

<1x10-13

§zx10'13

<ax10” 3

<1x10” 13

gx10™ 13

9.8x10_]'5

0.8%2.9x10-13,pressure depend.

2.7118.8x10772,2.5%300 Torr N,

3.7x10 13

(1.40+0.20)x10 Pexp(223441/1)

7.4x10712

= -30
k0-2.3x10 [N2]

k0=2.3x10“3°(T/300)'°‘°[N

k_=8x10" 12

7]

298
298
383-423
298
383-423
298
298

298

_ 298

298

300

333

295-473

295

298
248-417
200-300
298
200-300

200-400

LP-LIF
CH20+HN0,LP—LIF
PY=-GC

IRMPD-L1F,RF,M3

LP-LIF
LP-LTF
LP-LIF

LP-LIF

LP-LIF

LP-LIF

LP-LIF

LP-LIF

LP-LIF

Review
FP-A(UV)

CH30+N02,Review

CH302N02,Review

CH302NOZ,Review

CH302N02,Review

19
19
20
21
20
19
19
19
19

1%

17

17

22

22

23
24
23
23
23

23




S0

CyH50,

NO

NO

iso—C3H702

NO

NOZ

<2.0x10" Y/

<sx10 L7

7.4x10" 12

(8.9+3.0)x10™ 12

(1.310.;)x10'12

(5.719.2)x10'12

(3.540.3)x10" 12

298

298-423

298

295

CH30+202,Review

FP-A(UV)

C2H50+N02,Review
DF-PIMS

FP-A(UV)

FP-A(UV)

FP-A(UV)

23

25

23

26

27

28

28
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Table 3-4 Rate constants for radicals of group IV

Reactant Rate constant Temp. Comments Ref.
) (cmjmolecule_lsﬂl) (K)

ce1(¥?m
Ar <3x107 18 298 LP-LIF 1
o, 2.9x107%? 298 LP-LIF 1
NO 3.7x107H 298 LP-LIF 1
SF, 2.4x107 14 298 LP-LIF 1
o, <1076 298 LP-LIF 1
el 3x10713 298 LP-LIF 1
clg  <3x10" 298 LP-LIF 1

<7x107 Y 298 FP=A(UV) 2
1s0-C i, <3x107"° 298 LP-LIF 1
(7.540.7)x107%7 298 FP-A(UV) 3

CyH, 2.2x10713 298 LP-LIF 1
<M, (S.Bio.r)x10_14 298 FP-A(UV) 2
c,D, (7.012.2)x10'14 298 FP-A(UY) 2
QLM (3.7+0.3x107t 298 FP-A(UV) 2
1-C b, (6.2+0.8)x10 2 298 FP-A{UV) 2
2-C K (3.040.5)x1071 298 FP-A(UV) 2
-Gy (7.2+1.2)x1071 298 ¥P-A(UV) 2
2-C Hy (4.2+0.6)x10” 11 298 FP-A{UV) 2
Me,CoH  (4.040.5)x107 298 FP-A(UV) 2

Me,C.Me, (1.330.1)x107 % 298 FP-A(UV) 2
CeHoC,H (7.211.2)x10'12 298 FP-A(UV) 2
SiH,  (8.040.8)x107 298 FP-A(UV) 3
siD,  (4.240.5)x10™ " 298 FP-4{UV) 3




SiHCl3

MeSiH3

M
eSiHCl2

Me251H2

Mezsiﬂcl

Me351H

Et SiH2

2

EtjsiH

SiZHﬁ

Me6512

CBr (X2TT)

ar

RO

CO2

CHQ

130—04H10

§7x10'1
(2.
4.
(4.
6.
(4.
(4.
(7.
(1.

(4.

<ax1071
<sx107 1

<7x107%

840

8+0

740.

540,

740

8+0.

540

1+0.

240

5

.3)x10”
.5)x10”
2)x10°
3)x10~
C3yx10”
5)x10
.2yx10°
6)x10~

.5)x10"

6
5

5

(1.7+0.4)x10°

(2.240.8)yx10

12

14

12

13

12

12

12

11

14

15

12

(4.2+1.0)x10" 12

(2.2+0.3)x10""

(5.3+1.6)x10"

<sx1071°

(3.041.5)x10"

(7.8+1.2)x10"

(3.040.2)x10°

(2.010.5)}(10_1

{(9.240.3)x10"

1

13

14

13

13

3

12

298
298
298
298
298
298
298
298
298

298

298
298
298
298
298
298
298
298
298
298
298
298
298

298

FP-A(UV)
FP-A(UV)
FP-A(UV)
FP-A(UV)
FP-A(UV)
FP-A(UV)
FP-A(UV)
FP-A{UV)
FP-A{UV)

FP-A(UV)

LP-A{UV)
FP-A(UV)
FP-A(UV)
LP-A{DY)
FP-A(UV)

LP-A{UV}
FP-A(UV)
LP-A(UV)
FP-A(UV)
FP-A(LV)
FP-A{UV)
FP-A(UY)
FP-A(UV)

FP-A(UV)




1-C,H

CH_C H

1-C,H

2-C,Fe

l—CSH8

2—C5H8

Me3C4Me3

CHF(%IA')
0(p)
ne's)

Q

2
NO

(1.
(1.
(2.
(1.
(1.
(8.
(1.
(4.
(3.
(6.
(3.

(1.

(1.

(2.540.
16

540.

040

040.

410

240.
0+,

0+0.

30,
0+1.
3+0.

6+0.

540.

<5x10°

2)x10°

.2yx10

2)x10”

J1)x107

Nx10
o) x10~

2)x10°

.B)x10

3)x10°
K10
5)x10°

1x10~

2)x10°

5)x10°

11

i1l

il

13

13

12

11

11

14

12

11

11

10

11

(7.040.4)x10™ 2

(2.
(3.
(1.
(6.
(1.
(4.
(7.

(3.

8+0

0+0.

Laa!

140.

0+0

840.

840

.5)x10°

.5)x10"

5)x10°

S3R10°

3)x10°

Lx10”

5)x10°

.5)x10°

11

11

i1

11

10

10

11

10

298
298
298
298
298
298
298
298
298
298
298

298

295
295
295

295

298
298
298
298
298
298
298

298

FP-A(UV)
FP-A(UV)
FP-A(UV)
FP~A(UV)
FP-A(UV)
FP-A(UV)
FP-A(UV)
FP-A(LV)
FP-A(UV)
FP-A(UV)
FP-A(UV)

FP-A(UV)

co(AlT) , IRMPD-LIF
CN(BZZ+),IRMPD—LIF
IRMPD-LIF

NCO+HF, ERMPD-LIF

LP-FQ
LP-FQ
LP~FQ
LP-FQ
LP-FQ
LP-FQ
LP-FQ

LP-FQ

10

10

10

10

10

10

10

10




NO
€3y

150—C4H10

cFeL (¥1A')

Ar
oC3p)

CFC1

cl

Br

(6.240.8)x10" 0

(4.040.3)x10710

(6.740.8)x10710

<7.0x107 14

4.1x10712
>4.8x107 11

6.7x10" 13

1.8x10" 12

9.0x10” 12

3.9x107 13

2.2x10”

<3x10710

(2.9+1.2)x107 12

1.3x10713

<1071t
<3x10” 18

<2.5%10710

<10—16

6.7x10" >

(1.27+0.06)x10+
(7.940.3)x10 exp (-547+10/)
(3.3:@.2:.);;10'14

(9.6+2.4)x10 P exp(-943+82/1)

298
298

298

298
298
298
298
298
298
298

298

298
298
298
300
298
333
300
298
300
300-358
296

296-358

LP-FQ
LP-FQ

LP-FQ

DF-FQ
DF-FQ
DF-FQ
DF-FQ
DF-1Q
DF-FQ
DF-FQ

DF-FQ

LP-LIF
DF-LIF
DF-LEIF
IRMFD-LIF
LP~-LIF
DF-LIF
IEMPD-LEF
LP-LIF
DF-LIF
DF-LIF
DF-LTF

DF-LIF

10

10

10

11

11

11

11

11

11

11

11

12

12

i3

12

i3

12

12

12

12




NO

co

C4llg

C,H,
CF,GFCL
"
CFBr(XlA')
CL

Br

NO

CFZCFBr

A
CC12(X1A')

Ar

1x10” %4

(1.38+0.10)x10" >

'(1.eip.2)x10‘1“

1.5x10 12

(8.?i0.7)x10_15

(2.85i0.22)x10_15

<10—16

<1.2x107%?

<ax10”1?

<10_15

<2x107 16

(1.55+0.21yx10™ 4"

(1.940.6)x10  2exp(-762492/T)

(2.2640.11)x10" 2>

(1.640.3)x10" exp(-553+62/T)

<10_14

<J_0“15

<3x107 10

<axio”L?

3x10713

5x10™ 14

3x10713

3x10” 13

<x10” 12

333
300
298
300
333
300
298
298

298

298-353
302
302-361
298
298-355
298

298

298
298

298

LP-LIF

DF-LIF

IRMPD-LIF

LP-LIF

IRMPD-LIF

DF-LIF

IRMPD-LIF

LP-LIF

LP-LIF

DF-LIF

DF-LIF

DF-LIF

DF-LIF

DF-LTF

DF-LIF

DF-LIF

DF-L1F

LP-LIF

LP-LIF

LP-LiF

LP-LIF

LP-LIF

LP-LIF

LP-LIF

iz

13

12

13

12

14

15

14

14

15

15

14



3
3 -11
o(’P)  (3.1+0.8)x10 295 CF,O+F, DF-MS
0, 2.2-12.4x10713,0.5-9Torr He 295 CF 40, /CF,0+F0, DF~MS
Br, (1.3+0.2)x10 2 298 CF ,Br+Br , IRMPD-MS
o, (9.3+0.1)x10™ 13 298 CF ,0+0, , TRMED-115
NO, (2.7+0.5)x10 1 298 CF ,0+NO, IRMPD-MS
S 1.2x10"Pexp(-2110+80/1) 314-434  CFHHIS,P-GC
CINO  (5.8+0.8)x10 13 298 CF,C1+N0, IRMPD-MS
Ccml
NO, (9.6i;.9)x10_12 295 CF,CLO+NO , IRMPD-PTMS
CFC].2
-12
0, k_=(6.0+1.0)x10 298 CFC1,0,, LP-HS
ccl,
3 -11
0(°P)  (4.240.6)x10 295 CCL,0+Cl, DF-MS
0, 1.51-7.88x1071%, 1-9 Torr He 295 CC1,0,, DE-NS
CFCL,0,
NO (1.640.2)x10" 1 208 CFC1, 040, LP-MS
~29
No, (3.540.5)x10" 7 [0, ] 298 CFC1,0,N0,, LP-Ms
k -12
o= (6.0+1.0) %10 298 CFCL,0,N0,, LP-MS
CC].302
NO (1.3512.3))(10'1l 295 CCL,O+NO, DF-MS

16

16

17

17

17

18

17

20

21

21

22

22

21

Y
a)T.M.E.: tetramethyl ethylene, b)CFZ(Alﬂl,O,G,O) removal rate.
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n

Table 3-5 Rate constants for radicals of group V
Reactant Rate constant Temp . Comments Ref.
(cm3molecu1e_ls-l) (K)
M (x357)
NH 4.15x10" 11 1200-1350 ST-RA 1
K, <3x1071? 298 FP-RF 2
NO (4.741.2)x10” 11 300 FP-DF 3
0, (8.5+40.9)x10" 300 FP-RF 4
NH, <gx107Y’ 298 FP-RF 2
NR(ala)
0, 1.55x107 1L 300 NH(3E,V)+02(1A) 5
LP-RF
uel  (7.940.3)x10” Mt 300 NH,+CL. 6
HN 9.3x10” 1 7.8
1.8x10710 9
o, (L.200.1yx107H 300 LP-RF 6
CHe (124030t 300 P-GC 10
C,Hg (A.Zip.B)xlO—ll 300 P-GC 11
cyelom (6,740 mx107 ! 300 LP-RF 6
6112
c,n, (3.840.4)x107 300 LP-&F 6
NH (b 5
He (7.04+0.15)x10™ 17 293 Quenching P-FQ 12
Ar (1.2710;04)x10‘16 293 Quenching P-FQ 12
Xe (2.8+0.6)x20">> 300 Quenching P~FQ 13
0 (1.78+0.09)x10™ 11 293 Quenching P—FQ 12
N (3.38+0.07)x10 11 293 P-FQ 12
H, (1.0040.08)x10™ 12 293 P-FQ 12




l-C"H8

1,3-C,H,

Cellg

CH_OH

CH_NH
2
NHZ(% Bl)

n(ts)

NH2

NO

NO

(4.48+0.20)x10" 16

(2.44+0.84)x10™ 1>

(4.6+0.6)x10712

(3.9010.19)x10'13

(6.3+1.4)x10™">

n2x10” M0

(3.041.3)x10" 3
(1.09+0.09)x10” 1!

(1.0+0.2)x107 11

(1.2140.14)x10"1°

(1.29+0.30)x10” 1t

(3.440.4)x107 1L

2.1x107 %2
18

exp (~4280+200/T)
<3x10°

(3.6+1.6)x10" 3 (1/295

3

<1.5x10" 6[N2]

(1.740.3)yx10" 1

1.7x10 1 (1/29g)~(1-620.5)

(4.3810.7o)x10‘5T

(1.7+0.5)x107 1

1.7x10" M (r/298y(2-221.5)

(2.1140.18)x10™ 11

~(2.3040.02)

293
293
293
293
203
293
293
293

923

297
298
298
300-520

298

y(2:020.5) g

295-353
298
298
210-500

exp(~684+60/T)
294-1215

298
250-500

294

—100—

P-FQ

2NH, LP-LIF
NZHG’ LP~RA(L)
Review

NH+H, FP-RA(L})
Review
NH202, OF-LIF
LP=RA(L)
Review

Review

N Hi,0, DF-LIF, 1S

Review
Review

LP-LIF

14
14 a
13
14 a
13
13
13
13

13

L4b
15

16

16

18

15
16
16

19

16
16

14b




(1.2+0.5)x10" 13

2

3. 4x10" Y exp (-1000+500/T)

(1.5740.51)x107"

6.2x10" exp(~3600+140/T)

7.5%10" Pexp(-3100+130/1)

1.2x107 1

13

exp(~-3070+130/T)

3.8x10° Texp(-2470+110/T)

(1.03i0.15)x10"16

13

4.0x10"  “exp(-2500+100/T)

(2.75+0.42)x10” 1

2.0x10”Fexp (-1990+100/T)

(2.2+0.5)x10™1°

(3.58¢p.58)x10'16,

-13
4.7x10°“exp(-2160+100/T)
E}xlU_ls

(5.0040.75)x10710

4.7x10-13exp(~2063i100/T)

(4.921_0.75):;10'16

1

5.8x10” Pexp(-2140+100/T)

(4.25+0.67)x10" 18

13

5.5x10 " exp(-2160+100/T)

(6.25+0.67)x30" 16

7.7x107%

16

dexp(-2260+100/T)

<8x10

1.1x10714

6.3x10 Mexp(-1140/T)

2.4x10 8y 27

Lexp(-11514123/7)

298
250-380
272-348
300-520
300-520
300-520
300-520
300
300~500
300
300-500
295-505
300
300-500
298
300
300-500

360

300-500

300
300-500
300
300-500
298
300
230-360

210-505

Review

Review

LP-RA(L)
FP-RA(L)
FP-RA(L)
FP-RA(L)
FP-RA(L)
FP-RA(L)
FP=RA(L)
FP-RA(L)
FP-RA(L)
DF-LIF

FP-RA(L)
FP-RA{L)
DF-LIF

FP-RA(L)
FP-RA(L)
FP-RA(L}
FP-RA(L}
FP-RA(L)
FP-RA{L)
FP-RA(L}
FP-RA(L}
DF-LIF

DF-LIF

DF-LIF

DF-LIF

16

16

15

17

17

17

17

20

20

20

29

21

20

20

21

20

20

20

20

20

20

20

20

21

22

22

21



W2
N, (A”A, )

He

o(’p)

Cl

NO

HNO

HNO

KO

cl

clo

(1.45+0.29)x10 10

(1.52io.27)x10'10

(6.57+0.87)x107 10

(4.09+0.25)x10™ 17

(4.66ip.70)x10-10

(l.OiO.l)xlO_g

(6.1+0.2)x10" 0

(3.06+0.70)x107 10

(1.6il.1)x10_11

(10+4) %1071

2310712

(1.140.4)x107 11
(1.1940.31)x107 7
1.ax10712

ge2x107 1L

>1.6x107 12

(5.35f}.8)x10_15

(1.qio.a>x10'll

(7.6+1.0)x107

(4.041.7)x107 1

—102—

300
300
300
300
300
300
300

300

298
298
298
298
295
298

298

298

298

298

296

296

Quenching, DF-FQ
Quenching, DF-FQ
Quenching, DF-FQ
Quenching, DF-FQ
Quenching, DF-FQ
Quenching, DF-FQ
LP-FQ

LP-FQ

NZ(B)+N2, DF-CL

NO(A22+)+N2, PY-CL

NF+N DF-CL

2'
NC1+M,, DF-MS
N,O4,, DF-MS
N,(B)+2N,, DF-CL

IN,, DF-MS

H,#N0, DE-PIMS

N, G-+

LOHH,0, FP-A

02+N02,

P-A(1R, vis,UV)

C1O4ND,, P-A

2

ClOCHNC P-A

2

23

23

23

23

23

24

23

25

26

27

28

29

25

28

30

31

32

33

33



NO

NO

NO

4710

nCglig
€yl

Cyflg

cis-2-

C4lig

Toluene

o-xylene
m-xylene
o-cresecl
m-cresol
p-cresol
a-pinene

CH3CH0

-1
(8.5+2.8)x10 3exp(—2450il00/T)

(2+1)x10 1t

(1.

9ip.a)x10'll

4.5x10 % Ne]

k_=

1.65x10 12

k,=(2.240.5)x10""

(2

(2

(5.

(6

(1.
(4.
(6.

(3.

(1
(2

3

(4.

(s.

<2

<3.

(i.

<3

(1.

(7

(1.

¢

(1.
(3.

(1.

.011.0):(10'1

.9+1.4)x10 "1

.B940.22)x10°

140.23)x10°

3x10° L

.5%10°
J143.4)x10°

L242.4)x10°

7
7

5+2.5)x107 1

.;12.6)x10'17

09+0.12)x10"!

240.9)x10 1’

240.4)x10 17

sip.g)xlo'ls

1

13

.1+1.0)yx10" 1t

310.6)x10’11

3&10,62)x10'1

7

5x107L7

841.0)x20 7

17

1ip.5)x10'l6

17

2040.34)x10""
12

2740,36)x10°
4i0.8)x10_12

4+0.35)x107 1

5

3

4

1

11

—103—

288-329
298
297
298
298
298
296
296
296
298
298
298
298
298
298
298
298
298
295
298
298
298
298
298
298
298
298
298
285

298

2N02+0 P-4

2%

2NO,, LP-A

2’
2NO,,, P-A
N,0c, FP-4

N205, FP-A
N205, LP-4
FTIR
FTIR
FTIR
FTIR
A(LR)
FTIR
A(IR)
A(TIR)
FTIR
A(IR)
FTIR
A(IR)
FTIR
A{IR)
FTIR
FTIR
A{IR}
FTIR
FTIR
FTIR
FTIR
FTIR
FTIR

A(IR)

35
35
34
36
36
36
37
38
37
38
39
37
38

a7
38
40
38
41
41
38
41
41
41
41
41
40

39



phenol (2.1+40.5)x107 12

benzaldehyde _15
(1.13+0.25)x10
CH ,5CH (5.4+0.7)x1073
eN(xZE, v'=0)
0Cr)  (1.8+0.5)x107!
2.1x1077
N (1.00+0.13)x10710
H, (1.640.3)x10™ %
(1.440.5)x10" 14
(1.040.3)x10" exp (~2660+300/T)
N, no reaction
o, (2.040.1)x10 11
1.35x107 %
(1.12+0.03)x10” 11
1.1x107t1
(5.3+1.7)x10 " Lexp (-505+170/T)
co no reaction
NO (1.240.6)x10" 3
(7.7+1.4)x10" L {Ar)
HON  (1.8+0.6)x10 4
o,  (2.340.6)x10
N, 2x107 14
€N, 1.1x10712
cH, (5.6+0.3x10" "
(s+3yx107 12
13

(7.440.2)x10

—104—

258

298

296

285

298

300

300

300
275-398
300 .
300
300-
303

298
275-398
300

298

298

300

300

300

303

300

293

300

FTIR

FTIR

FTIR

CO(V)+N(aS.2D).
FP, DIF-A

FP-A

C+N2. LP-LIF

HCN4H, LP-LIF
FP-A

FP-A

LP-LIF

NCO+0, LP-LIF
LP-LIF

DF-A

FP-A

FP-A

LP-LIF

N.+C0, FP-LIF

2
NOCN, FP-LIF

C N +H, LP-LIF
NCO+CO, LP-LIF
DF-4A
DF-A
HCN+CH, LP-LIF
FP-A

DF-A

41

41

42

43

44
45
46
47
48
46
46
45
49
b4
48
46
50
50
46
46
51
49
46
47

49



13

c,He 7.4x10° 300 DF-4A 53
C,H, 1.9x10710 300 DF-A 53
Gy 2,710 300 DE-A 53
1,3-CH, 4.3x107 0 300 DE-A 53
Cgtg  2.8x10710 300 DE-A 53
2
CR{X"Z, v'=1)
oC’ry  2.1x1071t 298 COHN, FP-A 44
H, (3.040.4)x10” 4 300 HON+H, LP-LIF 46
(1.740.5)x10 1> 297 FP-A 47
N, (1.540.6)x1071? 300 LP~LIF 46
0, (2.440.1)x10" 1t 300 NCO+0, LP-LIF 46
1.25x107 11 298 LP-LIF 45
(1.3040.03)x10"11 303 FP-A 49
9x10732 298 FP-A 44
co (1.310.4);:10'12 300 CN(v'=0)+CO(v"=1), 40
LP=LIF
NO (2.6+0.5)x10"17 298 N,+CO, CN(v''=0)+NO(v"=1),
FP-LIF 50
(3.041.1) %10 L [ar] 298 NOCN, FP-LIF 50
HCN  (4.040.5)x107 12 300 HCN(100)+CN(v"'=0), 46
LP-LIF
co,  (4.040.4)x107" 300 CN(Y"=0)+C0,(001), 46
LP-LIF
-13
CMN,  (L.140.1)x10 300 LE-LTF 46
o, (8.4%0.3)x10713 300 L-LIF 46
(1.1240.3)x10712 293 47
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N (x'L, v'e7)

o®p)  1.1x107° . 298 FP-A
0, 2.6x10"12 298 FP-A
NF(X3Z')
H (2.510.5)x10_13 298 HF-+N, DF-RA
NF (7.043.5)x10" 1 298 N,+2F, DF-RA
NF(o T h)
Ar <1x107 298 DF-FQ
NF (1.840.7)x10" 2 298 DF-FQ
NF,
H (1.5¢o.2)x10'll 298 HF4NF, DF-RA
3.8x107 12 298 HF (v>1)4NF, DF-CL
N (3.0+1.2)x10712 298 NEHNE, DF-RA
(5.7+0.8)x10 1 298 NF-NF, DF-EPR
0 (1.8+0.9)x107 -2 298 NF+FO, DF-RA
(2.8+0.4)x10"11 298 NF+FO, DF-EPR
NCL(XET)
0(3P) (1.210.6)x10'10 295 NO+Cl, DF-MS
NC1 (73yx107 12 298 N+CL,, DE-MS
(8.1+1.8)x107 2 295 Ny+2C1, DF-MS
€,  (1.0:0.2)x107 300 NC1,+C1, DF-MS
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44

44

54

54

55

55

54

56

54

57

534

57

58

28

58

59




Ne1(bizh

iy

Fy

C12
HF

HC1
co

C1N

NCl

NC1

(2.120. 130" 13

(2.040.2)x10713

(1.540.Hx10" 14

(1.740.1)x20™ 12

(9.340.9)x10713

(4.8+0.2)x10" 1%

(1.35+0.06) %1072

(5.5+0.4)x10" 11

300

360

300

300

300

360

300

298

LR-FQ
LP-FQ
LP-FQ
LP-FQ
LP-FQ
LP-FQ

LP-FQ

FP-A

60

60

60

60

60

60

60

61

El)Tl“[]i: 2,3~-dimethyl-2-butene (Tetramethylethylene)
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Table 3-6 Rate constants for radicals of group VI

Reactant .Rate constant Temp . Comments Ref.
(cmsmolecule-ls- (X)
on

0%R)  (2.3+1.0)x10” Mexp(+110+100/T)  220-500 O+, Review 1
N (3.8+1.5)x10 exp (+85+100/T) 250-500  NOHH, Review 1
OH (1.840.7)x20* 298 H,0+0, Review 1
(6.9+6.0)x10"> (1/300) %%+ Oy ) H,0,, Review 1

200~ 300
HO, (I.Iip.eJxlo'lo 298 R,0+0,, Review 1
N0 (7.ggﬁ.0)x10“3%T/300)"1'“i9‘S[NZ] 220440  HONO, Review 1
H, (7.742.0)x10” 2 exp(-21004200/T)  200-450 04, Review 1
co (1.540.7x10 13 ' 200-300  B4CO,, Review 1
Hel (2.8+0.4)x10" exp(~425+100/T)  210-460 H,0+CL, Review 1
HBx (8.0+8.0yx10712 249-416  W,04Br, Review 1
o, (1.940.8)x10" exp(-10004300/T)  220-450  HO4+0,, Review 1
L (2-610-6)x10-30(T/300)“2'gio's[nzj HONO,, Review 1

200-300
s0, (3.043.0)x107 2 (1/300) 94Oy} HOS0,, Review 1

200-400
M5 (6.3+1.5)x107 Cexp(-80+80/T) 200-300  H,04IS, Review 1
CSZ < 7 .0:-:10-]'5 298 Review 1
0cs (l-3i1-0)x10-126xp(—230Qt250/T) 200-520  Review 1
M0,  (2.940.7)x10 exp(-160+100/T)  240-460 H,OHO,, Review 1
N (3.3+41.3) %10  2exp(~9004200/T)  230-450 H,0H,, Review 1
o, (2.440.6)x10” Zexp(~17104200/T) 200-300 1, 0+CH,, Review 1
CHiCL  (1.940.5)x107 Zexp(-11204200/T)  247-350 H0HCH,CL, Review 1
CH B (7.6+2.0)x10 exp(-890+200/T)  244-350 H,0+CH Br, Review 1
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CH, FC1
CHF,_Cl

Colg

38

1-Cle

CZH4

36

cis=2~
butene

trang-2-
butene

CH3OH

CH_ CHO .

3

CH30CH3

CH3SH

CH3SCH3

CH3NH2

(CH,) NH
(CH,) N
Cii ,0N0

CH3N02
Benzene

Toluene

p-Xylene

(2.640.6)x10" exp(-1210+100/T) 245350
(1.140.3)x10" Pexp(-1620+4100/T)  250-360
(1.940. %10 Hexp(-1230450/T) 297493
(1.240.2)x10 " Lexp(-680+40/T)  296-497
(8.7+2.0)x10 exp(-390460/T)  297-498
(2.241. 3)x10" Pexp(+400+200/T)  200-300
(9.57 2" 3x10” Pexp(1/300) 10 ()
200-300
k9t a0t
sx10” 2" (r/300) 7321 Py 298-424
k_=(3.042.0)x10"1!
(1.040.1)x10 exp(+4B04150/T)  298-425
(1.140.1)x20 Mexp(+550/150/T)  298-425
2610”203 (1/300) 1 22w ) 200-300
K=(6.57% 02107 2exp (-650+350/T) 200-300
(1.919.z)xlo'lzexp(-sloi;OO/T) 298-422
(1.140.3)x107 11 200-425
(l.UiO.3)x10-12 298
(6.9+1.5)x10 M exp(+2604300/T)  298-450
(1.3+0.2)x10  exp(+390+150/T)  299-424
(8.941.0)x10™ 2exp(+400+150/T)  300-423
(7.8+5.0)x10" 12
(1.040. Dx10" exp(+230+150/T)  299-426
(2.940.3)x10 Mexp(+42504150/T)  299-425
(2.640.3)x10 Lexp (42504150/T)  299-425
(1.640.2)x10" 2 292
(L.140. 1) x10"L2 292
(1.2i0.3)x10_12 298
(6.0+0.5)x10"2 298
(1.240. 310”1t 298
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H20+CHCFCI, Review

H,0+CF,C1, ‘Review

H,04+C,H,

H20+C3H7,

HyO+C H,

Review

Review
Review

Review

Review

Review

High-pressure

Review

High~pressure

Review

Review

High-pressure

H,0HHCO, H,O0HH+CO

2 2

H,O0+CH, O, H,0+CH

HZO+CH300, Review

Review

30

Review
Review
Review
Review
Review
Review
Review
Review
Review

Review



HO

o(’p)

Ccl

Br

OH

clo

HO

1.ax10™t

3.2x107 1L

<9.4x10" 13

(7.4+1.2)x107 1

(5.0+1.)x10"11

(2.240.5)x10” 1t

(2.9+1.0)x10™ M exp (+200+200/T)

(5.240.8)x10" !

(6.2+1.1)x107 1!

(5.4+0.9)x10™ 1!

(6.1iO.A)x10_ll

(l.Bil.0)x10_11exp(+17Q1250/T)

(4.240.7)x10" 1

(1.840.5)x10" exp(170+80/T)

(4.140.8)x10"  exp (-450+60/T)

(7.640.9)x10" 13

(1.120.6)x10" 10

(1.740.5)x10" exp (416+86/T)

5.0x10”12

4.6x10 *dexp(710/T)

<2.0x10" 1%

2. 5x107 12
4.5x1071

(1.546.3)x107 12

4exp(lZUO/T)

temperature and pressure depend.

2.6x10 Pexp(560/T)

(4.14%1.15)x10” Pexp(630+115/T) '

(1.6540.3)x107%

2
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298

298

298
296
298

300

298

300

298
296
299
274-338
250-414
250-414
250~414
298
298
298
298
235-298
298
298
275-400
295
240-417
298-358
298-510

298

H2+02, Review
2HO, Review

H,0+), Review
2 |

over all, DF-LIF,RF -

over all, DF-LMR
DF-LMR, RF, ‘RA

HO+O Review

90
DF-LMR, RF, RA
LF-RF

DF-LIF, RF
DF-RF

HC1+) Review

2’
over all, DF-LMR

HC1+(,, DF-LMR

2’
OH+C10, DF-LMR

HBr+0.,,, DF-LIF, MS

2’
H20+02,

DF~RF, LIF

Review

HOC1+0 Review

2’

HOC14+0 Review

2’
HOOC10, Review

H202+02, Review

Review

1-7Torr He, DF-LMR

10

1

1

12

100-1000Toxrr N ,FP-A 13

2t

7-20Torr NZ’

FP-A(IR)14

TOGTorrsz, FP-A(UV) 15

2-25Torr, DF-LMR,EPR 16



o <sx107Y 300 OH+CO,, DF-LMR 17
<ax10”Y’ 298 DF-LMR 18
2x10”17 300 P 19
NO (8.3ip.1)x10“12 298 OH#NO,, Review 1
3.7x10 M exp(2404100/T) 230-500 Review 1
0, 2.0x10” % 298 OH+20,, Review 1
1.4x10'1“exp(—600/T) 250-400  Review 1
N,0 <sx10”t7 ‘ 300 DF-LMR 17
<2x10720 298 DF-LMR 18
NO, k0=2.1x10'31(T/300)’4'5[021 200-300  HO,NO,, Review 1
k0=2.3x10‘31(T/300)'4'6[N2] " 200-300  HO,NO,, Review 1
k_=(4.2¢2.5)x10 12 (1/300)® 210 200-300  HO,NO,, Review 1
<3x107 10 300 HONO+0,, DF-LMR 20
so,  <zx10”2t 300 P 19
<ax10”Y 298 DF-LMR 18
trans-2- ., 10718 300 P 19
butene
2,3-dimethyl _17
-2-butene 4x10 300 P . 19
oz(alag) (1.740.8)x10 0 299-423  H420,, DF-RA, LIF 21
sH
H 5;.7x10"11 298 S+H,, LP-LIF 22
ci (1.140.3)x1071° 298 S+IC1, DF-MS 23
sS4 5;.7x10'11 298 LP-LIF 22
0, <3.2x107 1 298 OH+50, LP-LIF 22
i"xlo"H 298 LP-LIF 24
NO (2.44+0.64)x107 > [N,] 298 HSNO, LP-LIF 25
10'(2“'“219'94)T'(2‘a819’36)[NZ] 250-445  HSNO, LP-LIF 25
kw=(2.7ip.5)x10_ll 250-300  HSNO, LP-LIF 25
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Ccs

NO

SF

SF

S0(X°5)
04

Cclo

BxO

NO

S0(A°T)

Ar

(3.540.6)x107

<1.7x107 12

<2.3x107 1

(2.06+0.14)x10"

(2.9+0.4)x10™"°

<gx10”17

(3.040.4)x10738

(7.6+1.1)x10"*

(2.52:9.19)x10_11

(8.4+1.5)x10"

(2.3+0.6)x10" L

>ax1071t

1

6x10 Y exp(~3300+500/T)

(1.07+0.16)x10™*®

+2.6 1 +200/
~0.9 ~250

4.5x10 PZexp (~11704150/T)
3

(2.4 Yx10™ 3exp(-2370 ™

(1.06+0.16)x10™"

(4.afé'g 12

(8.741.6)x10"

+80

) x10 exp(-1170_120/T)

14

(1.4819.20)x10_11

(1.3640.10)x10" 1t

(7.5+1)x10712
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298
298

298

305

298

300-670

298

298

298

295

295

300-1000

298

230-420

230-420

298

230-420

296

298

298

H50+N0, LP-LIF
LP-LIF

LP-LIF

CO+S, DF-PIMS
LP-LIF

DF-A

LP-LIF

LP-LIF

SF.+S, DF-MS

2

SO,+H, DF-ESR

502+C1, DF-M5

SOZ+Br, DF-MS

502+0, Review

50,+0, LP-CL

2

50,40, LP-CL

p

50,+0,,

SOZ+02’

LP-CL

Review

LP-Cl

LP-CL

50,+NO, LP-CL

2

SO,+NO, DF-MS

2

DF-LIF-FQ

24

22

22

26

27

28

27

27

23

36

29

29

30

31

30

31

32

30

33

34



HOS0

(9+1)x10"12

(1.0+0,2)x10710

(5.240.4)x107L

0

(2.6+0.5)x107 1!

(4+2)x107

13

298

298

2638

298

DF-LIF-FQ
DF-LIF-FQ
DF-LIF-FQ

DF-LIF-FQ

H02+SO3, FP~RF

34
34
34

34

35
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Table 3-7 Rate constants for radicals of group VII

Reactant Rate constant Temp. Comments Ref.
(cm3molecule-ls_1) (K}
FO
¥O 1.5x1074t 298 Review 1
NO (2.640.5)x10" 1L 298 F+N0,, , DF-MS 2
MO, ko=1.7x10721(1/300) (N, ] 200-400  Review 1
k_=1.2x10"1* 200-400  Review 1
clo
op)  s.0x107t 298 0,+Cl, Review 1
7.5x10 M exp(-120/T 220-425 1
(3.640.7)x107 11 296 DF~RF 3
(5.041.0)x10" exp(-96+20/T) 236-422  FR-RF 3
(4.2+40.8)x1071! 298 DF-RF, A 4
(3.5+0.6)x107 1 298 DF-CL 5
oH 9.1x107? 298 Review 6
(1.1720.33)x10" 1t 248-335  DF-RF 7
(1.1940.9)x10" 1 243-298  DE-RF 8
(8.0+1.4)x10”  exp(235446/T) 219-373  DF-IMR 9
clo (2.21_0.3);:10'14 298 1 Torr, DF-MS 10
(6.511)x10-15 298 C1,+0,,760Torr, 11
M A
(B.IiQ.B)xlO—lS 298 CL+CL0,, MM -A 11
(1.540.4)x10" 298 C1+0C10,MM ~A 11
(9.840.4)x10 2> [Ar] 298 €1,0,,70-600 Torr 12
FP-A
7.3x10'33[ne] 298 €1,0,,FP-A 12
2,210 [0, ] 298 €L,0,,FP-A 12
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NO

€100

Ccl

BrQ

clo

Bro

HO

NO

NO

I0

10

NO

NO

1.7x1071t

6.2x10" exp(294/T)

B 31
ko-l.ﬁxlﬂ 2]

ky=1.6x10771 (1/300) 74 1n, )

(N

1.7x10710

1.0x10710

(6.7+L.7)x10" 2

(2.17+0.68)x10™ -2

9.58x10" exp(225+195/T)
sx10”1?
(5t§)x10_12
2.1x10" 11
8.7x10" 2exp(260/T)
) -31
ky=5-0x107[n, ]
ky=5.0x10(1/300) 7% O1x
15

5]
<4x10°

Ix10 L2

(2.8+0.2)x10" 1
(1.67+0.16)x107 11

k=5.0x10"> 1 (1/300) O [
11

2}
k_=2x10
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Studies on chironomid midges of some lakes in Japan. (1985)
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Report of Special Research Projeet the National Institute for Environmental Studies

No. 1* Man activity and aquatic environment — with special references to Lake Kasumigaura —
Progress report in 1976, (1977)

No. 2* Studies on evaluation and amelioration of air poliution by plants — Progress report in
1976-1977. (1978)

[ Starting with Report No. 3, the new title for NIES Reports was changed to: ]
Research Report from the National Institute for Environmental Studies

# No. 3 A comparative study of adults and immature stages of nine Japanese species of the genus
Chivonomus {Diptera, Chironomidae). (1978)
No. 4* Smog chamber studies on photochemical reactions of hvdrocarbon-nitrogen oxides system
— Progress report in 1977. (1978)
Neo. 5* Studies on the photooxidation products of the alkylbenzene-nitrogen oxides system, and
on their effects on Cultured Cells — Research report in 1976-1977. (1978)
No. 6* Man activity and aquatic environment — with special references to Lake Kasumigaura —
Progress report in 1977-1978. (1979
¥ No. 7 A morphological study of adults and immature stages of 20 Japanese species of the family
Chironomidae (Diptera). (1979}
# No. 8* Studies on the biclogical effects of single and combined exposure of air pollutants —
Research report in 1977-1978. (1979}
No. 9* Smog chamber studies on photochemical reactions of hydfocarbon-nitrogen oxides system
— Progress report in 1978. {1979)
No.10* Studies on evaluation and amelioration of air pollution by plants — Progress report in
1976-1978. {1979)
# No.11 Studies on the effects of air pollutants on plants and mechanisms of phytotoxicity. (1980)
No.12 Multielement analysis studies by flame and inductively coupled plasma spectroscopy
utilizing computer-controlled instrumentation. (1980)
No0.13 Studies on chironomid midges of the Tama River. {1980}
Part 1. The distribution of chironomid species in a tributary in relation to the degree of
pollution with sewage water.
Part 2. Description of 20 species of Chironominae recovered from a tributary.
No.14* Studies on the effects of organic wastes on the soil ecosystem — Progress report in 1978
-1979. (1980) ‘
¥ No.15* Studies on the hiological effects of single and combined exposure of air pollutants —
Research report in 1977-1978. (19800
No.16* Remote measurement of air pollution by a mobile laser radar. (1980)
¥ No.17* Influence of buoyancy on fluid motions and transport processes — Meteorological char-
acteristics and atmospheric diffusion phenomena in the coastal region — Progress report
in 1978-1979. (19807 .
No.18 Preparation, analysis and certification of PEPPERBUSH standard reference material.
{1980)
# No.19* Comprehensive studies on the eutrophication of fresh-water areas — Lake current of
Kasumigaura (Nishiura) — 1978-1979, (1981}
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No.20*

No.21*
No.22*
No.23*
No.24*
No.25*
No.26*
No.27*
No.28*

No.29

No.30*
No.31*

No.32*

No.33*

No.34*

No.35°
No.36*

No.37*
No.38
No.39*

No.40*

Comprehensive studies on the eutrophication of fresh-water areas — Geomorphological
and hydrometeorological characteristics of Kasumigaura watershed as related to the
lake environment — 1978-1979. {1981)

Comprehensive studies on the eutrophication of fresh-water areas — Variation of pol-
lutant load by influent rivers to Lake Kasumigaura — 1978-1979. (1981)

‘Comprehensive studies on the eutrophication of fresh-water areas — Structure of eco-

system and standing crops in Lake Kasumigaura — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Applicability of

trophic state indices for lakes — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Quantitative analysis

of eutrophication effects on main utilization of lake water resources — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Growth character-

istics of Blue-Green Algae, Mycrocystis — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Determination of

argal growth potential by algal assay procedure — 1978-1979. (1981)

Comprehensive studies on the eutrophication of fresh-water areas — Summary of re-

searches — 1978-1979. (1981 :

Studies on effects of air pollutant mixtures on plants — Progress report in 1979-1980.

(19813

Studies on chironomid midges of the Tama River. (1981)

Part 3. Species on the subfamily Orthocladiinae recorded at the summer survey and their
distribution in relation to the pollution with sewage waters.

Part 4. Chironomidae recorded at a winter survey.

Eutrophication and red tides in the coastal marine environment — Progress report in 1979

~1980. (1982)

Studies on the biological effects of single and combined exposure of air pollutants —

Research report in 1980. (1981)

Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides sys-

tem — Progress report in 1979 — Research on the photochemical secondary pollutants

formation mechanism in the environmental atmosphere. (Part 1). {1982}

Meteorological characteristics and atmospheric diffusion phenomena in the coastal region

— Simulation of atmospheric motions and diffusion processes — Progress report in 1980.

(1982)

The deveiopment and evaluation of remote measurement methods for environmental

pollution — Research report in 1980. (1982)

Comprehensive evaluation of environmental impacts of road and traffic. (1982)

Studies on the method for long term environmental monitoring — Progress report in 1980

-1981. (1982)

Study on supporting technology for systems analysis of environmental policy — The

evaluation laboratory of Man-Environment Systems. (1982)

Preparation, analysis and certification of POND SEDIMENT certified reference material.

(1982)

The development and evaluation of remote measurement methods for environmental

pollution — Research report in 1981. (1983) '

Studies on the biological effects of single and combined exposure of air pollutants —
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Research report in 1981. (1983
# No.dl* Statistical studies on methods of measurement and evaluation of chemical codition of soil
— with special reference to heavy metals —. (1983)
# No.42* Experimental studies on the physical properties of mud and the characteristics of mud
transportation. (1983)
¥ No0.43 Studies on chironomid midges of the Tama River. (1983)
Part 5. An observation on the distribution of Chironominae along the main stream in
June, with description of 15 new species.
Part 6. Description of species of the subfamily Orthocladiinae recovered from the main
stream in the June survey.
Part 7. Additional species collected in winter from the main stream.
No.44* Smog chamber studies on photochemical reactions of hydrocarbon-nitrogen oxides sys-
tem — Progress report in 1979 — Research on the photochemical secondary pollutants
formation mechanism in the environmental atomosphere (Part 2). (1983)
No.45* Studies on the effect of organic wastes on the soil ecosystem — Qutlines of special
research project — 1978-1980. (1983)
No.46* Studies on the effect of organic wastes on the soil ecosystem — Research report in 1979
-1980, Part 1. {1983)
No.47* Studies on the effect of organic wastes on the soil ecosystern — Research report in 1979
-1980, Part 2. (1983)
¥ No.48* Study on optimal allocation of water quality monitoring points, (1983)
No0.49* The development and evaluation of remote measurement method for environmental
pollution — Research report in 1982, (1984)
# No.50* Comprehensive studies on the eutrophication control of freshwaters — Estimation of input
loading in Lake Kasumigaura — 1980-1982. (1984)
¥ No.51* Comprehensive studies on the eutrophication control of freshwaters — The function of the
ecosystem and significance of sediment in nutrient cycle in Lake Kasumigaura — 1980
-1982. (1984)
No.52* Comprehensive studies on the eutrophication control of freshwaters — Enclosure ex-
periments for restoration of highly eutrophic shallow Lake Kasumigaura — 1980-1982.
(1984)
No.53* Comprehensive studies on the eutrophication control of freshwaters — Seasonal changes
of the biomass of fishes and crustacia in Lake Kasumigaura — 1980-1982. (1984)
No.54* Comprehensive studies on the eutrophication control of freshwaters — Modeling the
eutrophication of Lake Kasumigaura — 1980-1982. (1984)
No.55* Comprehensive studies on the eutrophication control of freshwaters — Measures for
eutrophication control — 1980-1982. {1984)
No.56* Comprehensive studies on the eutrophication control of freshwaters — Eutrophication in
Lake Yunoko — 1980-1982. (1984)
No.57* Comprehensive studies on the eutrophication control of freshwaters — Summary of
researches — 1980-1982. (1584}
No.58* Studies on the method for long term environmental monitoring — Outlines of special
research project in 1980-1982. (1984)
No.59* Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfer oxides sys-
tem — Photochemical ozone formation studied by the evacuable smog chamber —
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No.60*

No.61*

Atmosphpheric photooxidation mechanisms of selected organic compounds — Research
report in 1980-1982. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfer oxides system
— Formation mechanisms of photochemical aerozol — Research report in 1980-1982.
(1984)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfer oxides system
— Research on the photochemical secondary pollutants formation mechanism in the

* environmental atmosphere. — Research report in 1980-1982. {1984)

No.62°
No.63*

No.64*
No.65
No.66
No67*
No.68*

No.69*

No.70

No.71*

No.72*

No.73*
No.74*
No.75
No.76

No.77*

No.78*
No.79

No.80*
No.81*

Effects of toxic substances on aquatic ecosystems — Progress report in 1980-1983. (1984)

Eutrophication and red tides in the coastal marine environment — Progress report in 1981.
(1984)

Studies on effects of air pollutant mixtures on plants — Final report in 1979-1981. (1984

Studies on effects of air pollutant mixtures on plants — Part 1. (1984)

Studies on effects of air pollutant mixtures on plants — Part 2. (1984)

Studies on unfavourable effects on human body regarding to several toxic materials in the
environment, using epidemiological and analytical technigues — Project research report
in 1979-1981. (1984)

Studtes on the environmental effects of the application of sewage sludge to soil —
Research report in 1981-1983. (1984)

Fundamental studies on the eutrophication of Lake Chuzenji — Basic research report.
(1984) '

Studies on chironomid midges in lakes of the Nikko National Park — Part 1. Ecological
studies on chronomids in lakes of the Nikko National Park. — Part II. Taxonomical and
morphological studies on the chironomid species collected from lakes in the Nikko
National Park. (1984)

Analysis on distributions of remnant snowpack and snow patch vegatation by remote
sensing. (1984)

Studies on photochemical reactions of hydrocarbon-nitrogen-oxides sulfer oxides-system
— Research on the photochemical secondary pollutants formation mechanism in the
environmental atmosphere — Research report in 1980-1982. (1985)

Studies on photochemical reactions of hydrocarbon-nitrogen oxides-sulfur oxides-system
— Final report in 1980-1982. (1985)

A comprehensive study on the development of indices system for urban and suburban
environmental quality. Environmental indices-basic notion formation — Research report
in 1984. (1984)

Limnelogical and environmental studies of elements in the sediment of Lake Biwa. (1985)
Study on the behavior of monoterpenes in the atmosphere. (1985)

The development and evaluation of remote measurement methods for environmental
pollution. (1985)

Study on citizens’ role in conserving the living environment. (1985} _

Studies on the method for long term environmental monitoring — Research report 1980
-1982. (1985)

Modeling of red tide blooms in the coastal sea — Research report 1982-1983. (1985)-

A study on effects of implementing environmental impact assessment procedure — With
particular reference to implementation by local governments. (1985)

¢
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No0.82* Studies on the role of vegetation as a sink of air pollutants — Resgarch report in 1982
-1983. (1985)

No.83 Studies on chironomid midges of some lakes in Japan. {1985) .
No.84* A comprehensive study on the development of assessment techniques for health effects
due to environmental heavy metal exposure — Fina] report in 1982-1984. (1985
No.85 Studies on the rate contants of free radical reactions and related spectroscopic and

thermochemical parameters

* in Japanese
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