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This paper updates and extends part of the previous data base of critical evaluations of
the kinetics and photochemistry of gas-phase chemical reactions of neutral species in-
volved in atmospheric chemistyd. Phys. Chem. Ref. Dat@, 295 (1980; 11, 327
(1982; 13, 1259 (1984); 18, 881 (1989; 21, 1125(1992; 26, 521 (1997); 26, 1329
(1997; 28, 191(1999]. The present evaluation is limited to the inorganic halogen family
of atmospherically important reactions. The work has been carried out by the authors
under the auspices of the IUPAC Subcommittee on Gas Phase Kinetic Data Evaluation
for Atmospheric Chemistry. Data sheets have been prepared for 102 thermal and photo-
chemical reactions, containing summaries of the available experimental data with notes
giving details of the experimental procedures. For each thermal reaction, a preferred
value of the rate coefficient at 298 K is given together with a temperature dependence
where possible. The selection of the preferred value is discussed and estimates of the
accuracies of the rate coefficients and temperature coefficients have been made for each
reaction. For each photochemical reaction the data sheets list the preferred values of the
photoabsorption cross sections and the quantum vyields of the photochemical reactions
together with comments on how they were selected. The data sheets are intended to
provide the basic physical chemical data needed as input for calculations that model
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atmospheric chemistry. A table summarizing the preferred rate data is provided, together
with an appendix listing the available values of enthalpies of formation of the reactant
and product species. @000 American Institute of Physid$§0047-268@0)00302-(
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Contents tions involved in tropospheric chemistry, it was originally

1. Preface....... ... ... 168 decided to limit the coverage to those organic reactions for

2. Gas-Phase Reactions—Summary of Reactions which kinetic or photochemical data exist for species con-
and Preferred Rate Data . .................. 169 taining up to three carbon atoms.

3. Guide to the Data Sheets.................... 173 With the publication of Supplement V in 199%he data
3.1. Gas-Phase Reactions. . . ............... 173 base had become so extensive that the Subcommittee de-

3.1.1. Thermal Reactions. . ............. 173 cided that future supplements would be limited to dealing in
3.1.2. Conventions Concerning Rate turn with parts of the set of over 700 gas-phase and hetero-
Coefficients. . ... .. 173 geneous reactions. To this end Supplement VI was an update
3.1.3. Treatment of Combination and and extension of the Q HO,, NO,, and SQ gas-phase
Dissociation Reactions. . .......... 174 reactions, and Supplement VII was an update and extension
3.1.4. Treatment of Complex-Forming of the reactions of organic speci@acluding the G organic
Bimolecular Reactions.. . .......... 175 reactions resulting from the atmospheric oxidation of
3.1.5. Photochemical Reactions. . ....... 175 n-butang. Supplement VIII continues this policy by updat-
3.1.6. Conventions Concerning Absorption ing and extending a selection of the most important reactions
Cross SectionS.... . ..o 176 of atmospheric inorganic halogen species, last reviewed in
3.1.7. Assignment of Uncertainties.. ... .. 176 Supplement V; the reactions of organic halogen-containing
3.2 Acknowledgments ..................... 176 organics have been extensively reviewed by the most recent
3.3 References for Sections 1=3............ 177 NASA evaluatior?, and the reactions of FQ CIO,, BrO,

4. Gas-Phase Reactions—Data Sheets......... 178 and IQ, species with organic compounds were reviewed in
4.1. Fluorine Species. . ..........cvvvun.... 178 Supplement VII. In the case of photochemical reactions of
4.2. Chlorine Species. . ............ccovuo... 188 halogen species, here we limit our considerations to iodine
4.3. Bromine SpecCies. ..., 224 species, in view of the extensive treatment of the photo-
4.4, lodine Species. ... 242 chemical reactions of chlorine and bromine species in the

5. Appendix—Enthalpy Data.................. 264 most recent NASA evaluatioh.

5.1. REEreNCES . . oot 266  Following the pattern of Supplements®WI,” and VII 2

here we provide a data sheet for each of the reactions of the
families considered. Each data sheet provides a preferred rate
coefficient, together with a statement of the assigned uncer-
tainty limits, a comment giving the basis for the recommen-
This paper is Supplement VIII to the original set of criti- dation, and a list of the relevant references. Supplement VI
cally evaluated kinetic and photochemical rate parameteralso lists the data used in the selection of the Preferred Val-
for atmospheric chemistry, published by the CODATA Taskues for each reaction. This means that in Supplement VI
Group on Gas Phase Chemical Kinetics in 17980d subse- some of the earlier data, omitted during the development of
quently updated by Supplement | in 188thd Supplement Il Supplements I-V, have been re-entered on the data sheets.
in 19843 The original evaluation and Supplements | and Il This change, initiated with Supplement VI, is intended to aid
were primarily intended to furnish a kinetic data base forthe reader in appreciating how the Preferred Values were
modeling middle atmosphere chemistiy)—55 km altitudg selected. To the extent that this information suffices, the
In 1985 the International Union of Pure and Applied reader can use the present publication without need to refer
Chemistry(IUPAC) set up a group to continue and enlargeto the previous publications in the series. However, it should
upon the work initiated by CODATA. The Subcommittee on be emphasized that in preparing the updated data sheets, we
Gas Phase Kinetic Data Evaluation for Atmospheric Chemhave not listed all of the previous data contained in the origi-
istry is chaired by J. A. Kerr and is part of the Commissionnal evaluatioh and Supplements 1-%.° Consequently, for
on Chemical Kinetic$l.4) of the IUPAC Physical Chemistry many reactions, to obtain the complete data set and historical
Division. background to the preferred rate parameters, it is recom-
This subcommittee produced Supplement Il in 1989, mended that the present supplement be read in conjunction
Supplement IV in 1992 Supplements V and VI in 19977  with its predecessors®
and Supplement VIl in 1999in which the original data base ~ The cutoff point for literature searching for this supple-
was extended and updated to include more reactions irment was June, 1999. As in our previous evaluations, we
volved in tropospheric chemistry. Since it was not possiblealso include data which were available to us in preprint form
to cope with all of the very large number of chemical reac-at that point.

1. Preface
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2. Gas Phase Reactions—Summary of Reactions and Preferred Rate Data

Gas-Phase Reactions—Summary of Reactions and Preferred Rate Data

Page Temp. dependence of Temp.
No. Reaction Kogg (cn® molecule ts™1) A log kpog? (k/cm® molecule*s™1) (range/K A(E/R)/K?
FO, Reactions
178 O+FO—0,+F 2.7x107 1! +0.3
178 O+FO,—0,+FO 5x107 1! +0.7
178 F+H,—HF+H 2.4x10° 1! +0.1 1.1X 10" P exp(—4501) 190-380 +100
179 F+H,0—HF+HO 1.4x10 1 +0.1 1.4x10° 1 240-380 +200
180 F+0,+M—FO,+M 5.8x10 3 N,] (ko) +0.3 5.8x 10 %(T/300) 1TN,] 100-380 An=+05
1.2x1071° (Kx) +0.3 1.2x10°10 100-380 A logk==0.3
Fe=0.5 Fe=0.5 100-380
182 FQ+M—F+0,+M 1.5X10 Y N,]  (ko/s™h) +0.3 8.4x 107 °(T/300)" 2% exp(—5990/) [ N,] 310-420 +500
An=+0.5
3.1x10° (k. /s7Y +0.3 1.7x 10*%(T/300)**®exp(—59901T) 310-420 +500
An==*+05
Fe=0.5 Fe=0.5 310-420
183 F+0;—FO+0, 1.0x10 +0.25 2.2 10 M exp(—230/) 250-370 +200
184 F+HONO,—HF+NO; 2.3x10° 1! +0.1 6.0< 10~ 2 exp(400T) 260-320 +200
184 FO+O;—products <1x107*
185 FO+NO—F+NO, 2.2x107 1 +0.15 8.2 10~ 2 exp(300T) 290-850 +200
186 FO+FO—products 1.0x107 1! +0.2 1.0<10° 1 290-440 +250
186 FQ-+0;—products <4x10° 16
187 FQ-+NO—FNO+0, 7.5x10°13 +0.3 7.5 10" 2 exp(—690/T) 190-300 +400
187 FGQ+NO,—products 4.0x10 +0.3 3.8<10 exp(—2040) 260-320 +500
188 FQ+CO—products <6x10°1°
ClO, Reactions
188 O+HOCI—HO+CIO 1.7x10713 +0.5 1.7x10° 12 210-300 +300
189 O+ClIO—Cl+0, 3.8x10° 1! +0.1 3.8<10° 1 210-430 +250
190 O+0CI0—0,+CIO 1.0x 1013 +0.3 2.4<10 2 exp(—960/T) 240-400 +300
191 O+0CIO+M—ClOz+M 1.8<10 3 IN,] (ko) +0.3 1.8x10 3%(T/298) 1[N,] 240-320 An=%0.5
3.1x10™ % (K-.) +0.3 3.1x10 * (T/298) 240-320 An==+1
F.=0.48
192 O+CLO—CIlO+CIO 45x10 %2 +0.15 2.7%10 M exp(—5300) 230-380 +200
193 O+CIONO,—products 2.2x10713 +0.08 4.5 10" 2 exp(—900/) 200-330 +150
194 CH-H,—HCI+H 1.7x10 +0.1 3.9<10 M exp(—2310M) 200-310 +200
195 CHHO,—HCI+0, 3.2x10° 1 +0.2 1.8<10" texp(170T) 250-420 +250
—CIO+HO 9.1x10 12 +0.3 4.1 10"t exp(—450/T) 250-420 +250
196 CH-H,0,—HCI+HO, 4.1x10°18 +0.2 1.1x 10~ * exp(—9801T) 260-430 +500
197 CH0O,+M—CIO0+M 1.4X 103 N,] (ko) +0.2 1.4x1073%(T/300) > N,] 160-300 An==*1
1.6X1030,] (ko) +0.2 1.6x10 3%(T/300) 29 0,] 160-300 An==+1
198 ClIOO+M—Cl+0,+M 6.2<10 1N,]  (ko/s Y +0.3 2.8x 10" exp(—18201)[N,] 160-300 +200
198 CHCO+M—CICO+M 1.3x10 3N, (ko) +0.3 1.3x 107 3%(T/300) >4 N,] 180-300 An==+1
199 CICO+M—CI+CO+M 2.0x10 ¥ N,] (ko/s™h +0.4 4.1x 10 P exp(—2960m)[N,] 180-300 +200

V1vd TVvOINTHOOL1LOHd ANV JILINIY d31vNIVAT
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Gas-Phase Reactions—Summary of Reactions and Preferred Rate Data—Continued

Page Temp. dependence of Temp.
No. Reaction K,gg (M molecule* s71) A 10g Kpog? (k/cm® molecule* s (range/K A(E/R)/K?
200 CH0;—CIO+0, 1.2x10° 1 +0.06 2.9<10 Mt exp(—260/T) 200-300 +100
201 CHHONO,—HCI+NO, <2.0x10716
202 CHNO;—CIO+NO, 2.4x10 % +0.2 2.4¢10° % 200-300 +400
202 CHOCIO—CIO+CIO 5.7x10° % +0.1 3.2x10 M exp(170T) 220-430 +200
203 CH-Cl,0—Cl,+CIO 9.6x10™ 1 +0.1 6.2< 10" exp(130T) 230-380 +130
204 CH-Cl,0,—Cl,+CI00 1.0x10°1° +0.3 1.0<10° %0 230-300 +300
204 CH CIONO,—Cl,+NO, 1.0x10° 11 +0.10 6.5 10" 2 exp(135T) 190-360 +50
205 HO+Cl,—HOCI+CI 6.5x107 +0.08 3.6<10 2 exp(—12001) 230-360 +300
206 HO+HCI—H,0+ClI 8.0x10713 +0.06 1.8<10 2 exp(—240IT) 200-300 +100
207 HO+HOCI—CIO+H,0 5.0x10°13 +0.5
208 HO+CIO—HO,+ C'} 1.9x10 1 +0.2 7.7 10 2 exp(270T) 200-380 +150
—HCI+0,
209 HO+OCIO—HOCI+0, 6.6x 10712 +0.3 4.5<10 3 exp(800T) 290-480 +200
210 HO+CINO,—HOCI+NO, 3.6x10° +0.3 2.4< 10" exp(—12501) 260-350 +300
210 HO+CIONO,—products 4.0x10° 18 +0.2 1.2<10 2 exp(—3301) 240-390 +200
211 NO,+HCI—HNO;+ClI <5x10°Y7
212 C'OJ’HOZ:EgSgSZ] 5.0x 1012 +0.15 4.6¢10" B exp(710T) 230-300 +300
213 ClIO+0,;—CI00+0, <1.5x10°Y
—0CIO+0, <1x1071®
213 CIO+NO—CI+NO, 1.7x10° 11 +0.1 6.2< 10" 2 exp(295T) 200-420 +100
214 CIO+NO,+M—CIONO,+M 1.6X103IN,] (ko) +0.1 1.6X 10 3%(T/300) 34 N,] 250-350 An==+1
1.5x10 1! (k..) +0.3 1.5¢10 1 250-350 A logk==+0.3
F.=0.5 F.=exp(—T/430) 250-350
215 CIO+NOy—CIOO+NO, 13 13
OCIO+NO, 4.6x10 +0.2 4.6x10 210-360 +400
216 ClO+ClO—Cl,+0, 4.8x10°15 +0.2 1.0< 10" 2 exp(—15901) 260-390 +500
—CI+CIOO 8.0x10°1° +0.2 3.0< 10"t exp(—24507T) 260-390 +500
—CI+0CIO 3.5x10°1° +0.2 3.5<10 ¥ exp(—1370M) 260-390 +500
218 CIO+ClIO+M—Cl,0,+M 1.7X10°3N,] (ko) +0.1 1.7X10 3% T/300) [ N,] 190-390 An==+15
5.4x10 2 (K-0) +0.3 5.4x10 12 190-390 A logk==+0.3
F.=0.6 F.=0.6 190-390
219 CLO,+M—CIO+CIO+M 2.2X107YN,]  (ko/sTh +0.3 1X10 ® exp(—8000/T)[N,] 260-310 +900
6.7X 107 (ke /s7Y +0.3 4.8x 10" exp(—8820m) 260-310 +500
F.=0.6 F.=0.6 260-310
220 CIO+OCIO+M—Cl,03+M 6.2<10%IN,] (ko) +0.3 6.2x10 34 T/300) “TN,] 200-300 An==+1
2.4x10° % (K..) +0.3 24101 200-300 Alogk=+0.3
F.=0.6 F.=0.6 200-300
222 ChO;+M—CIO+0OCIO+M 2.8<10 YN,]  (ko/s % 226 K) +0.5(226 K)
222 OCIO+0;—ClO3+0, 3.0x10 % +0.4 2.1 10" exp(—4700m) 260-300 +1000
223 OCIO+NO—CIO+NO, 3.4x10 18 +0.3
223 OCIO+NO;+M—0,CIONO,+M 1Xx10" 3 He] (ko; 220 K) +0.4 (220 K)
224 ChO,+0;—ClO+ClI00+0, <1x10 *° (200 K)

0.7
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Gas-Phase Reactions—Summary of Reactions and Preferred Rate Data—Continued

Page Temp. dependence of Temp.
No. Reaction Kagg (cm® molecule* s71) A 10g Kpgg? (k/cm® molecule*s™) (range/K A(E/R)/K?
BrO, Reactions
224 O+HOBr—HO+Bro 2.8x10° 11 +0.2 1.2 10" P exp(—430/T) 230-430 +300
225 O+BrO—0,+Br 4.1x10 % +0.2 1.9< 10 M exp(230T) 230-330 +150
225 Br+HO,—~HBr+0, 2.0x1071? +0.3 1.4<10 M exp(—590/T) 260-390 +200
226 Br+H,0,—HBr+HO, <5%10-16
—HOBr+HO
226 Br+0;—Bro+0, 1.2x10 12 +0.08 1.7 10 M exp(—800r) 190-430 +200
227 Br+NO,+M—products+M 4.2x10 3[N,] (ko) +0.3 4.2x103YT/300) 21N,] 250-350 An==+1
2.7x1071! (Kx) +0.4 2.7x 101! 250-350 A logk==0.4
F.=0.55
228 Br+OCIO—Bro+cCIO 3.5x10°13 +0.3 2.7 10" * exp(—13001) 260-430 +300
229 Br+Cl,0—BrCl+CIO 4.3x1012 +0.1 2.1x 10" M exp(—470IT) 220-410 +200
229 Br+Cl,0,—BrCl+Cl00 3.0x10° %2 +0.3
230 HO+HBr—H,0+Br 1.1x1071 +0.10 1.1x10 1 200-420 A logk==+0.1
231 HO+Br,—HOBr+Br 4.3x10° 11 +0.10 1.9 10" T exp(240T) 230-360 +150
231 HO+BrO—products 7.5x10 +0.5
232 Br+NO;—BrO+NO, 1.6x10° 1! +0.3
232 BrO+NO;—BroO+NO, 1.0x10°*? +0.5
233 NO,+HBr—HNO;+Br <1x10°1®
234 BrO+HO,~HOBr+0, 2.3x10° 1 +0.4 3.7% 10" 2 exp(545T) 210-350 +100
—HBr+ 03
235 BrO+O;—products <2x10°Y7
236 BrO+NO—Br+NO, 2.1x10 +0.1 8.7 10" 2 exp(260T) 220-430 +100
236 BrO+NO,+M—BrONO,+M 4.7x10 3[N,] (ko) +0.1 4.7x 107 34(T/300) 3 N,] 240-350 An==+1
1.4x107 11 (K..) +0.1 1.4< 10" 1Y(T/300) 12 240-350 An==+1
F.=0.40 F.=exp(=T/327) 240-350
238 BrO+CIO—Br+0CIO 6.8x 10712 +0.1 1.6x 10~ 2 exp(430T) 220-400 +200
—Br+CIlo0 6.1x 10 *? +0.1 2.9< 10" 2 exp(220T) 220-400 +200
—BrCl+0, 1.0x10° 12 +0.1 5.8< 10" ¥ exp(170T) 220-400 +200
240 BrO+BrO—2Br+0, 2.7x1071? +0.1 2.7 10 12 250-390 +200
—Br,+0, 4.8x10°13 +0.1 2.9< 10 M exp(840T) 250-390 +200
10, Reactions
242 Ot l,—l0+1 1.4x10°1° +0.15
242 O+10—0,+I 1.4x10°1° +0.2
243 +HO,—HI+0, 3.8x10 18 +0.3 1.5<10 M exp(—10901T) 280-360 +500
244 l+03—10+0, 1.2x10°*? +0.15 1.9 10" 1 exp(—830/T) 230-370 +150
244 +NO+M—INO+M 1.8X10 3IN,] (ko) +0.1 1.8X10 3% T/300) 1 N,] 290-450 An=+0.5
1.7x107 1 (Kx) +0.5 1.7x 10 1! 300-400 A logk==+0.5
F.=0.6
246 +NO,+M—INO,+M 3.0<10 3IN,] (ko) +0.2 3.0x 107 34(T/300) Y[ N,] 290-450 An==x1
6.6x10 1 (K-.) +0.3 6.6<10 1 290-450 Alogk=+0.3
F.=0.63
247 [+NO3;—I0+NO, No recommendatiosee data sheet
247 L+NO;—I|+IONO, 1.5x10° 12 +0.3 1.5x10 *? 290-430 A logk==+0.3

V1vd TVvOINTHOOL1LOHd ANV JILINIY d31vNIVAT
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Gas-Phase Reactions—Summary of Reactions and Preferred Rate Data—Continued

Page Temp. dependence of Temp.

No. Reaction K,gg (e molecule* s71) A 10g Kpgg? (k/cm® moleculet s (range/K A(E/R)/K?

248 HO+HI—H,0+I 7.0x1071¢ +0.3 1.6 10~ exp(440T) 240-360 +400

249 HO+1,—HOI+I 2.1x1071° +0.15 2.1x10° 10 240-350 +300

249 NO;+HI—HNO;+I No recommendatiotisee data sheet

250 I0+HO,—HOI+0, 8.8x1071! +0.2 9.0< 10~ *? exp(680T) 270-380 +300

251 10+ ClO—products 1.2x1071! +0.1 4.7< 10 2 exp(280T) 200-370 +100

252 10+ BrO—products 8.5x1071! +0.1 1.5<10 M exp(510T) 200-390 +350

254 I0+10—products 9.1x10° 1! +0.1 5.0< 10" exp(180T) 250-320 +100

255 I0+NO—I+NO, 2.1x10 +0.2 9.0< 10" exp(260T) 240-370 +150

256 I0+NO,+M—IONO,+M 7.7x10 3 N,] (ko) +0.3 7.7X 10734 T/300) 5[ N,] 250-360 An==+2
1.6x 101 (K.0) +0.3 1.6x10° 1t 250-360 Alogk==+0.3
F.=0.4 F.=0.4 250-360

257 INO+INO—1,+2NO 1.3x10° ¥ +0.4 8.4< 10" M exp(—26201) 300-450 +600

258 INO,+INO,—1,+2NO, 4.7x10715 +0.5 2.9< 10" exp(—26001) 290-350 +1000

258 HOWM-hv— products See data sheet

259 10+ hv— products See data sheet

261 INO+ hv— products See data sheet

261 INO,+ hv— products See data sheet

262 IONG,+ hv— products See data sheet

#The cited uncertainty is an expanded uncertainty corresponding appoximately to a 95% confidence limit.
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3. Guide to the Data Sheets FTS
. GC
3.1. Gas-Phase Reactions HPLC
The data sheets are principally of two typés:those for IR
individual thermal reactions an@) those for the individual LIF
photochemical reactions. H\DAR
3.1.1. Thermal Reactions MM
MS

The data sheets begin with a statement of the reactions

including all pathways that are considered feasible. This i$LP

followed by the corresponding enthalpy changes at 298 KPR
calculated from the enthalpies of formation summarized inRA
the Appendix. RF

The available kinetic data on the reactions are summarizeBR

— Fourier transform spectroscopy

— gas chromatography/gas chromatographic
— high-performance liquid chromatography
— infrared

— laser induced fluorescence
— laser magnetic resonance

— laser photolysis

— molecular modulation

— mass spectrometry/mass spectrometric
— steady state photolysis

— pulsed laser photolysis

— pulse radiolysis

— resonance absorption

— resonance fluorescence

— relative rate

— static system

under two headingdi) Absolute Rate Coefficients, and) S
Relative Rate Coefficients. Under these headings, we includéDLS
new data that have been published since the last completdV — ultraviolet

IUPAC evaluatiofi as well as the data used in deriving the UVA — ultraviolet absorption
preferred values. Under both of the headings above, the da}ddJVA — vacuum ultraviolet absorption

are presented as absolute rate coefficients. If the temperatugg measurements of relative rate coefficients, wherever pos-
coefficient has been measured, the results are given in gpje the comments contain the actual measured ratio of rate
temperature-dependent form over a stated temperature ranggefficients together with the rate coefficient of the reference
For bimolecular reactions, the temperature dependencgaction used to calculate the absolute rate coefficient listed
is usually expressed in the normal Arrhenius forl, in the data table. The absolute value of the rate coefficient
=Aexp(-B/T), whereB=E/R. For a few bimolecular reac-  given in the table may be different from that reported by the
tions, we have listed temperature dependences in the alterngriginal author owing to a different choice of rate coefficient
tive form, k=A"T"" or CT" exp(~D/T), where the original  f the reference reaction. Whenever possible the reference
authors have found this to give a better fit to their data. Fogate data are those preferred in the present evaluation.
pressure-dependent combination and dissociation reactions, The preferred rate coefficients are presertigcht a tem-
the non-Arrhenius temperature dependence is used. This b’iarature of 298 K andii) in temperature-dependent form
discussed more fully in a subsequent section of the Introdugsyer 3 stated temperature range.
tion. This is followed by a statement of the uncertainty limits in
Single temperature data are presented as such and whegy k at 298 K and the uncertainty limits either iEAR) or in
ever possible the rate coefficient at, or close to, 298 K ism for the mean temperature in the range. Some comments on
quoted directly as measured by the original authors. Thighe assignment of uncertainties are given later in this intro-
means that the listed rate coefficient at 298 K may differq,ction.
slightly from that calculated from the Arrhenius parameters The “Comments on Preferred Values” describe how the
determined by the same authors. Rate coefficients at 298 Kejection was made and give any other relevant information.
marked with an asterisk indicate that the value was calcuTnhe extent of the comments depends upon the present state
lated by extrapolation of a measured temperature ranggf our knowledge of the particular reaction in question. The

which did not include 298 K. The tables of data are suppleyata sheets are concluded with a list of the relevant refer-
mented by a series of comments summarizing the experisnces.

mental details. The following list of abbreviations, relating to
experimental techniques, is used in the Techniques and Com-
ments sections:

— tunable diode laser spectroscopy

3.1.2. Conventions Concerning Rate Coefficients

A — absorption All of the reactions in the table are elementary processes.
AS — absorption spectroscopy Thus the rate expression is derived from a statement of the
CCD — coupled charge detector reaction, e.g.,
CIMS — chemical |on|zat|on mass spectroscopy/ A+ABAC

spectrometric
CL — chemiluminescence ~iA] dB] dC] ,
DF — discharge flow G =k[A]
EPR  — electron paramagnetic resonance
F — flow system Note that the stoichiometric coefficient for A, i.e., 2, appears
FP — flash photolysis in the denominator before the rate of chang&Af (which is
FTIR — Fourier transform infrared equal to X[A]?) and as a power on the right-hand side.
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Representations d&f as a function of temperature charac- 1

terize simple “direct” bimolecular reactions. Sometimes it is W)

found thatk also depends on the pressure and the nature of

the bath gas. This may be an indication of complex formaln these equations the expressions before the parentheses

tion during the course of the bimolecular reaction, which isfepresent the rate coefficients of the process initiating the

always the case in combination reactions. In the followingreaction, whereas the expressions within the parentheses de-

sections the representationskofwhich are adopted in these note the fraction of reaction events which, after initiation,

k:k—z[M](

cases, are explained.

3.1.3. Treatment of Combination and Dissociation Reactions

complete the reaction to products.

In the low-pressure limit[(M]—0) the rate coefficients
are proportional tofM]; in the high pressure limit[(M]
— ) they are independent f]. It is useful to expresk in
terms of the limiting low pressure and high pressure rate

Unlike simple bimolecular reactions such as those considcoefficients

ered in Sec. 3.1.2, combination reactions
A+B+M—AB+M

and the reverse dissociation reactions
AB+M—A+B+M

are composed of sequences of different types of physical and

_limk([M])
" [M]—0
and
_limk([M])
? [M]—ee

chemical elementary processes. Their rate coefficients reflegéspectively. From this convention, the Lindemann—
the more complicated sequential mechanism and depend ®finshelwood equation is obtained

the temperaturd and the nature and concentration of the

third body[M]. In this evaluation, the combination reactions
are described by a formal second-order rate law
d AB]
dt

=k[A][B]

Kok.:

K= ke

It follows that for combination reaction&y=kik,[M]/k_4
and k,,=k;, while for dissociation reactiongky=Kk_,[M]
andk,=k_;k_,/k,. Since detailed balancing applies, the

while dissociation reactions are described by a formal firstratio of the rate coefficients for combination and dissociation

order rate law

—d[AB]
dt

In both casesk depends on the temperature and[bh|.

—K[AB]

at a fixedT and[M] is given by the equilibrium constant
KC: k1k2/k71k72 .

Starting from the high pressure limit, the rate coefficients
fall off with decreasing third body concentrati¢M], and
the corresponding representationkoés a function ofM] is

In order to rationalize the representations of the rate coeftermed the “falloff curve” of the reaction. In practise, the
ficients used in this evaluation, we first consider theabove Lindemann—Hinshelwood expressions do not suffice
Lindemann—Hinshelwood reaction scheme. The combinatioto characterize the falloff curves completely. Because of the

reactions follow an elementary mechanism of the form

A+B—AB* (1)
AB* ~A+B (-1)
AB* + M—AB+M 2)

while the dissociation reactions are characterized by

AB+M—AB*+M (-2)
AB* + M—AB+M 2)
AB* -A+B (-1)

multistep character of the collisional deactivatid,[(M])

and activation K_,[ M]) processes, and energy- and angular

momentum dependences of the associatiq) &nd dissoca-

tion (k_,) steps, as well as other phenomena, the falloff

expressions have to be modified. This can be done by includ-

ing a broadening factoF to the Lindemann—Hinshelwood
KoK, Ko /K

expressiotf~12
0 o 2 |F
Kot Ko T+ ko/K, T+ ko/K,

The broadening factdf depends on the ratiky /k.., which
is proportional to[M], and can be used as a measure of

k: F:ko

— Reo

Assuming quasistationary concentrations for the highly ex-‘reduced pressure.” At not too high a temperatufe,is

cited unstable species AR(.e., that |AB* ]/dt~0), it fol-

lows that the rate coefficient for the combination reaction is

given by

k=k1

ko[ M] )
K L F R[]

while that for the dissociation reaction is given by

J. Phys. Chem. Ref. Data, Vol. 29, No. 2, 2000

approximately given by~1?
logF.
1+[log(ko/K-)]?
With increasing temperature, a better representation is

obtained®'2 by replacing[log(ky/k..)]> by [log(ko/k.)/N]?
with N={0.75-1.27 lod~.}. The “center broadening fac-

log F=
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tor” F. generally decreases with increasing molecular com- dAB]

plexity of AB and with increasing temperature. The value of Tat kA]B]
F. can be calculated from unimolecular rate thetty*al-

ternatively it is often obtained by fitting experimental falloff dC]

curves. To a crude approximation, the temperature depen- dt =kolAJIB]

dence ofF. is represented by

dA]
Fe=exp —T/T*), g~ (kstko)[A]B]
which is used in this evaluation. An even simpler policy was,, hare
chosen in Ref. 9 where a temperature independent standard
value of F,=0.6 was adopted. This choice, however, often Kee k ka
oversimplifies the representation. ST Ko+ kot ks
The rate coefficients for combination or dissociation in
this evaluation are characterized by the three paramkgers kp= kl( Ks
k.., andF, (and the equations given abgvéf an experi- koit+katks

mental falloff curve is fitted to these three quantities, \ote that sincek, is proportional to[M], ks and kp are
changes inF. will also change the limitingko- and  gependent on the nature and concentration of the third body
k.-values. Therefore, a falloff representation requires th&y iy addition to their temperatuire dependence. In reality, as
specification of all three of the parametégs k.., andFc,  for the combination and dissociation reactions, the given ex-
which is applied throughout this evaluation. It should also bepressions forks and kp have to be extended by suitable
noted that unimolecular rate theory allows for at least Semibroadening factor§ in order to account for the multistep
quantitative predictions df., ko, andk.. (see, for example, character of proces®) and the energy dependences of pro-
Ref. 10. For combination _reactlons the glepe_ndencd@f cessesl), (—1) and(3). These broadening factors, however,
andk.. on the temperaturg is represented in this evaluation gitfer from those for combination and dissociation reactions.
in the form For simplicity, they are ignored in this evaluation such that
Koe TN kp at high pressure approaches

except for cases with an established energy barrier in the kp=kiks/k;

potential. We have chosen this form of temperature depengnich is inversely proportional toM]. kp may also be ex-
dence because it usually gives a better fit to the data over ressed by

wider range of temperature than does the Arrhenius expres-

sion. Obviously, the relevant values fare different fork, kp~KpoKs/Kso

andk.. . In this evaluation, values &, are given for selected \herek;, and kg, are the respective limiting low pressure
examples of third bodies M, and if possible forNN,, O, 01 rate coefficients for the formation of €D or A+B at the

ar. consideredM]. When it is established that complex forma-
tion is involved, this equation is used to characterize the
3.1.4. Treatment of Complex-Forming Bimolecular Reactions increasing suppression of 4D formation with increasing
[M].

Bimolecular reactions may follow the “direct” pathway
A+B—C+D 3.1.5. Photochemical Reactions

and/or involve complex formation,
The data sheets begin with a list of feasible primary pho-

A+B=AB*—C+D tochemical transitions for wavelengths usually down to 170
M nm, along with the corresponding enthalpy changes at 0 K
AB where possible or alternatively at 298 K, calculated from the
We designate the rate coefficients of the individual steps adat@ in the Appendix. Calculated threshold wavelengths cor-
in Sec. 3.1.3. above _resp_ondlng to these enthalpy changes are also listed, bearing
in mind that the values calculated from the enthalpy changes
A+B—AB* (1) at 298 K are not true “threshold values.”
AB* > A+B (—1) T_his is followed by taple_s summarizing the ava?lable ex-
perimental data concerning) absorption cross sections and
AB* + M—AB+M (2 (il) quantum yields. These data are supplemented by a series
of comments.
AB*—C+D ®) The next table lists the preferred absorption cross-section
Assuming quasistationary concentrations of *ABi.e., data and the preferred quantum yields at appropriate wave-
d AB* ]/dt~0), a Lindemann—Hinshelwood type of analysis length intervals. For absorption cross sections the intervals
leads to are usually 1, 5, or 10 nm. Any temperature dependence of

J. Phys. Chem. Ref. Data, Vol. 29, No. 2, 2000
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the absorption cross sections is also given where possiblease, which is generally too limited to permit such an analy-
The aim in presenting these preferred data is to provide ais. Rather, the uncertainties are based on a knowledge of the
basis for calculating atmospheric photolysis rates. For abtechniques, the difficulties of the experimental measure-
sorption continua the temperature dependence is often repreients, the potential for systematic errors, and the number of
sented by Sulzer—Wieland type expressiths. studies conducted and their agreement or lack thereof. Expe-
The comments again describe how the preferred data werénce shows that for rate measurements of atomic and free
selected and include other relevant points. The photochemradical reactions in the gas phase, the precision of the mea-

cal data sheets are also concluded with a list of referencessurement, i.e., the reproducibility, is usually good. Thus, for

single studies of a particular reaction involving one tech-

3.1.6. Conventions Concerning Absorption Cross Sections nique, standard deviations, or even 90% confidence limits of

+10% or less are frequently reported in the literature. Un-

These are presented in the data sheets as “absorption crogstunately, when evaluators come to compare data for the
sections per molecule, base e.” They are defined accordingame reaction studied by more than one group of investiga-

to the equations tors and involving different techniques, the rate coefficients
I/l 4= exp(— o[N]1), often differ by a factor of 2 or even more. T_his can only

mean that one or more of the studies has involved large

o={1([N])}n(l/), systematic uncertainties which are difficult to detect. This is

hardly surprising since, unlike molecular reactions, it is not
always possible to study atomic and free radical reactions in
isolation, and consequently mechanistic and other difficulties
frequently arise.

The arbitrary assignment of uncertainties made here is
gased mainly on our state of knowledge of a particular reac-
“absorption coefficient’ and “extinction coefficient” are tion which is dependent upon factors such as the number of

often used, but care must be taken to avoid confusion in thef’pdependent investigations carried out and the number of dif-
definition; it is always necessary to know the units of con-ferent techniques used. On the whole, our assessment of un-

centration and of path length and the type of logaritivase certainty limits tends tovye_wd the cautious side. Thus, in t.he
e or base 1Dcorresponding to the definition. To convert an aS€ Where a rate coefficient has been measured by a single
absorption cross section to the equivalent Napefisse ¢ investigation using one particular technique angl is uncon-
absorption coefficientexpressed in ct) of a gas at a pres- firmed by independent work, we suggest that minimum un-

sure of 1 standard atm and temperature of 273 K, multipyFeainty limits of a factor of 2 are appropriate.
the value ofo in cr? by 2.69x 1080 In contrast to the usual situation for the rate coefficients of

thermal reactions, where intercomparison of results of a
number of independent studies permits a realistic assessment
of reliability, for many photochemical processes there is a
Under the heading “reliability,” estimates have been SC&rCity of apparently reliable data. Thus, we do not feel
made of the absolute accuracies of the preferred valuks of iustified at present in assigning uncertainty limits to the pa-
at 298 K and of the preferred values BiR over the quoted rameters reported for the photochemical reactions.
temperature range. The accuracy of the preferred rate coef-
ficient at 298 K is quoted as the term logk, where
Alogk=D and D is defined by the equation, lggk=C
+D. This is equivalent to the statement thas uncertain to R. A. thanks the Agricultural Experiment Station, Univer-
a factor of F, whereD=log,oF. The accuracy of the pre- sity of California for partial salary support during this work.
ferred value ofE/R is quoted as the termAE/R), where  R. A. C. thanks the Natural Environmental Research Council
(AE/R)=G and G is defined by the equatioE/R=H  and the Issac Newton Trust for support of his work. The
*=G. D andG are expanded uncertainties corresponding apwork carried out at the National Institute of Standards and
proximately to a 95% confidence limit. Technology was supported by the Upper Atmosphere Re-
For second-order rate coefficients listed in this evaluationsearch Program of the National Aeronautics and Space Ad-
an estimate of the uncertainty at any given temperatureninistration. It was also supported in part by the Standard
within the recommended temperature range may be obtaineRleference Data Progra(.l.S.T). M. J. R. thanks the Fonds

where |, and | are the incident and transmitted light intensi-
ties, o is the absorption cross section per molec(ds-
pressed in this paper in units of @n[N] is the number
concentration of absorbéexpressed in molecule ¢r), and

| is the path lengtliexpressed in cin Other definitions and
units are frequently quoted. The closely related quantitie

3.1.7. Assignment of Uncertainties

3.2. Acknowledgments

from the equation: National Suisse de la Recherche ScientifigEBISRS and
AE/1 1 the Office Feleral de I'Education et de la Scien¢®FES for
A logk(T)=A logk(298 K)+0-434+?(T_ ﬁ)‘ financial support. J. T. thanks the Deutsche Forschungsge-

meinschaft(SFB 357 for financial support of his work and
The assignment of these absolute uncertaintiek and  we thank Dr. C. J. Cobos for his assistance. The Chairman

E/R is a subjective assessment of the evaluators. They amnd members of the Committee wish to express their appre-

not determined by a rigorous, statistical anlysis of the dataiation to I.U.P.A.C. for the financial help, which facilitated
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the preparation of this evaluation. Special thanks go to Evaluation for Atmospheric Chemistry, J. Phys. Chem. Ref. R&td 125
Christy J. LaClaire for her outstanding efforts in the prepa-egf’Agt?(-_ O, L Baulch R A Cox. R E. H T3 A Kerr M
: : : : .1 °R. Atkinson, D. L. Baulch, R. A. Cox, R. F. Hampson, Jr., J. A. Kerr, M.
ration of this manuscript, before her sudden death in Apr|I Rossi, and J. Troe, Evaluated Kinetic, Photochemical, and Heterogeneous
1999. Data for Atmospheric Chemistry: Supplement V, IUPAC Subcommittee
on Gas Kinetic Data Evaluation for Atmospheric Chemistry, J. Phys.
: Chem. Ref. Dat®6, 521 (1997).
3.3. References to Introduction ’R. Atkinson, D. L. Baulch, R. A. Cox, R. F. Hampson, Jr., J. A. Kerr, M.
J. Rossi, and J. Troe, Evaluated Kinetic and Photochemical Data for At-
1D. L. Baulch, R. A. Cox, R. F. Hampson, Jr., J. A. Kerr, J. Troe, and R. T. mospheric Chemistry: Supplement VI, IUPAC Subcommittee on Gas Ki-
Watson, Evaluated Kinetic and Photochemical Data for Atmospheric netic Data Evaluation for Atmospheric Chemistry, J. Phys. Chem. Ref.
Chemistry, CODATA Task Group on Chemical Kinetics, J. Phys. Chem. Data26, 1329(1997.

Ref. Data9, 295 (1980. 8R. Atkinson, D. L. Baulch, R. A. Cox, R. F. Hampson, Jr., J. A. Kerr, M.
2D. L. Baulch, R. A. Cox, P. J. Crutzen, R. F. Hampson, Jr., J. A. Kerr, J. J. Rossi, and J. Troe, Evaluated Kinetic and Photochemical Data for At-
Troe, and R. T. Watson, Evaluated Kinetic and Photochemical Data for mospheric Chemistry: Supplement VII, IUPAC Subcommittee on Gas Ki-
Atmospheric Chemistry: Supplement |, CODATA Task Group on Chemi- netic Data Evaluation for Atmospheric Chemistry, J. Phys. Chem. Ref.

cal Kinetics, J. Phys. Chem. Ref. Data, 327(1982. Data28, 191(1999.

3D. L. Baulch, R. A. Cox, R. F. Hampson, Jr., J. A. Kerr, J. Troe, and R. T. °W. B. DeMore, S. P. Sander, D. M. Golden, R. F. Hampson, M. J. Kurylo,
Watson, Evaluated Kinetic and Photochemical Data for Atmospheric C. J. Howard, A. R. Ravishankara, C. E. Kolb, and M. J. Molina, Chemi-
Chemistry: Supplement I, CODATA Task Group on Gas Phase Chemical cal Kinetics and Photochemical Data for Use in Stratospheric Modeling,
Kinetics, J. Phys. Chem. Ref. Dai8, 1259(1984. NASA Panel for Data Evaluation, Evaluation Number 12, JPL Publication
4R. Atkinson, D. L. Baulch, R. A. Cox, R. F. Hampson, Jr., J. A. Kerr, and  97-4 (1997. (Contains references to the previous Evaluations, Numbers
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4. Gas-Phase Reactions—Data Sheets

4.1. Fluorine Species

AH°=—-279 kJmol™*

Rate coefficient data

k/cm® molecule *s™t Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(2.7£0.2)x10™ 11 298 Bedzhanyaet al, 1993 DF-LMR (a)
Comments Comments on Preferred Values

, . . The preferred value is based on the results of the study of
(@ Pseudo-first-order decays of FO radicals in the pres: 1 . .
) Bedzhanyaret al,” the sole study of this reaction. The tem-
ence of excess (P) atoms were monitored by LMR.

O(P) atom concentrations were determined by EPR. perature dependence of thg rate constant is expected to be
small for such an atom—radical process, as for the analogous

Preferred Values CIlO radical reaction.

k=2.7x10"cm®molecule 's™! at 298 K.

References
Reliability 1Yu. R. Bedzhanyan, E. M. Markin, G. G. Politenkova, and Yu. M. Ger-
Alogk=*+0.3 at 298 K. shenzon, Kinet. CataB3, 797 (1993; original pages 998—1003992.

0+F0,—0,+FO

AH°=-166 kImol !
Rate coefficient data: no available experimental data.

Preferred Values Comments on Preferred Values

There are no experimental data for this reaction. The rate
constant for such a radical-atom process is expected to ap-
proach the gas collision frequency and is not expected to
exhibit a strong temperature dependence.

k=5x10""cm®*molecule*s* at 298 K.

Reliability
Alogk==*=0.7 at 298 K.

F+Hy—HF+H

AH°=—134.7 kdmol™*

Rate coefficient data

k/cm?® molecule *st Temp./K Reference Technigue/Comments
Absolute Rate Coefficients

1.0x 10 % exd —(433+50)/T] 190-373 Wurzberg and Houston, 1980 PLP-CL

(2.27+0.18)x 10" 1* 298

(2.55+0.11)x 10" ¢ 298 Clyne and Hodgson, 1985 DF-LIF

1.2x 10" %exff —(470+30)/T] 221-376 Stevens, Brune, and Anderson, £989 DF-RF (a)

(2.48+0.09)x 10 11 298
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Comments

cence.

Preferred Values

k=2.4x10"cm®molecule 's™! at 298 K.

Discharge flow system. F atoms were converted to Dt
atoms by reaction with Pdownstream of the reaction
zone, and the D atoms monitored by resonance fluores-

179

Comments on Preferred Values

This evaluation accepts the recommended values given in
he critical review of Persky and Kornweltef the literature
data for this reaction. The preferred values are based on the
tesults of Wurzberg and Houstor€lyne and Hodgsohand
Stevenset al3

k=1.1x10 %exp(—450/T) cm®molecule 's™* over the References
temperature range 190-380 K.
LE. Wurzberg and P. L. Houston, J. Chem. PH®.4811(1980.
2M. A. A. Clyne and A. Hodgson, J. Chem. Soc. Faraday Trargil, 2143
Reliability 51985,
P. S. Stevens, W. H. Brune, and J. G. Anderson, J. Phys. M068
A logk=+0.1 at 298 K. oo, ys. O
A(E/R)=*=100K. 4A. Persky and H. Kornweitz, Int. J. Chem. Kin@9, 67 (1997.
F+H,O0—HF+HO

AH°=—-71.6kJmol*

Rate coefficient data

k/cm?® molecule *st Temp./K Reference Technigue/Comments
Absolute Rate Coefficients
4.2x 10" Yexg —(400+70)/T] 243-369 Walther and Wagner, 1983 DF-MS
(1.1+0.1)x10° 11 300
(1.3+0.1)x10° ¢ 298 Frostet al, 1986 PLP-CL (a)
1.6x 10 Mexd —(28+42)/T] 240-373 Stevens, Brune, and Anderson, £989 DF-RF (b)
(1.42-0.06)x 10 1 298

Comments

(@ Pulsed laser photolysis at 308 nm; HF chemilumines-
cence monitored.
(b) Discharge flow system. F atoms were converted to [8\/

atoms by reaction with Pdownstream of the reaction
zone. D atoms were monitored by resonance fluores:

cence.

Preferred Value

k=1.4x10 cm®molecule 's ™%, independent of tem-
perature over the range 240-380 K.

Reliability
Alogk=*0.1 at 298 K.
A(E/R)=+200K.

Comments on Preferred Values

The recommended temperature-independent value is based
on the results reported by Steveesal® This value is in

ood agreement with the room temperature results of
alther and Wagnérand Froset al? Walther and Wagne,

in a limited temperature study, reported BfR value of 400

K. Although their dathhave not been used in the derivation

of the preferred values, with the exception of the one low
temperature(243 K) data point they are within the stated
uncertainties.

References

1C. D. Walther and H. Gg. Wagner, Ber. Bunsenges. Phys. CB&n.03
(1983.

2R. J. Frost, D. S. Green, M. K. Osborn, and I. W. M. Smith, Int. J. Chem.
Kinet. 18, 885(1986.

3p. S. Stevens, W. H. Brune, and J. G. Anderson, J. Phys. (9&m068
(1989.
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F+0,+M—FO,+M

AH°=—-53.3kJmol !

Low-pressure rate coefficients

Rate coefficient data

k/cm® molecule* st Temp./K Reference Technique/Comments
Absolute Rate Coefficients

5.2x 10 **exp(656T) [He] 272-362 Zetzsch, 1973 DF-MS (a)

4.7 10 % [He] 298

(7+2)x10 % [He] 293 Arutyunov, Popov, and Chaikin, 1976 DF-EPR(b)

(1.4+0.4)X 10732 [N,] 293

(6+2)x107%3[Ar] 293

(5.4+0.6)x 10 %3 [He] 298 Chenet al, 1977 FP (c)

(1.520.3)x10°%2[0,] 298

(5.0+0.6)X 10" 2 [F,] 298

(8.4+0.9)xX 10 3 [Ar] 298

2.8X 10" **exp(906T) [Ar] 223-293 Shamonima and Kotov, 1979 DF-EPR(d)

(6.1+1.8)xX 10 23 [Ar] 293

(1.020.3)X 10" %?[ O,] 298 Chebotarev, 1979 PLP (e)

(4.3+0.4)x 10" %3 (T/300) *6 [Ar] 295-359 Pagsberet al, 1987 PR (f)

(2.8+0.2)x 10 33 [He] 298 Lyman and Holland, 1988 PLP (g)

(3.1+0.2)xX 10" 23 [Ar] 298

1.4xX10 % [SK] 295 Ellermanret al, 1994 PR (h)

5.8x10723(T/300)"17[N,] 100-373 Campuzano-Jost al, 1995 PLP (i)

Comments F+FO,+M—F,0,+M were determined. A value of

(@
(b)
(©

(d)

(e

(f)

(¢)

) _ 1 A
Detection of F atoms and FQadicals. AH° (298 K)= —(56.4=1.7) kJmol * was derived.

Detection of E atoms (h) Experiments with S0, mixtures at 0.20—1.0 bar to-
Detection of vibrationally excited HF by IR chemilu- tal pressure with kinetic UV spectroscopic detection of
minescence. FO, radicals between 215 and 254 nm. Falloff extrapo-

lations were made witlr .= 0.6.

FO, radicals were detected by UV absorption. Experi-
ments were carried out at total pressures up to 1000 bar
of the bath gases He, Ar, and,NVleasurements of the
equilibrium constant lead to AH°(0K)
=—49.8kJmol’. Falloff extrapolations were made
with F; near 0.5.

Detection of F atoms in the presence of excesal i
Ar. Experimental conditions were varied over only lim- (@
ited ranges; for examplg€Q,] was varied by a factor of

2 and the total pressure was fixed. The third-order rate
coefficient reported for Ar as the diluent gas may be
somewhat overestimated as ther@nged from~12%

to ~25% of the total pressure. The stoichiometry was
assumed to be Z.e., —d[Fl/dt=2k[F][O,][M]) due

to secondary removal of atomic fluorine by reaction
with the primary product F© Preferred Values

Photolysis of Wk—H,—0O,—He mixtures at-200 nm,

with detection of HF by IR chemiluminescence. The Ko=5.8X10"33(T/300)"**[N,] cm®molecule *s™* over
relative efficiencies of M were reported to be:@r  the temperature range 100-380 K.

=1.4:1.0.

Experiments were carried out in Ar»FO, mixtures
with detection of FQ by absorption at 220 nm. The
rate coefficient and the equilibrium constant were de-
termined by varying the ©concentration. A value of
AH°(298 K)=—52.8 kJmol'* was derived.

Photolysis of i at 248 nm in the presence of,@nd Comments on Preferred Values

bath gases. The reaction mechanism with six reactions Because of the large data base from the study of
was followed via the analysis of transient absorptionCampuzano-Jost al.® their rate coefficients values are pre-
signals at 215 nm. The forward and backward rate coferred and are in reasonable agreement with earlier work.
efficients of the reactions FO,+M—FO,+M and  Falloff curves were constructed with. near 0.5.

Reliability
Alogky==*0.3 at 298 K.
An==0.5.
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High-pressure rate coefficients

Rate coefficient data

k. /cm®molecule st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
2.0x 10 *? 295 Ellermanret al, 1994 PR (a)
1.2x10° 10 100-373 Campuzano-Jost al, 1995 PLP (b)
Comments Reliability

(@ See commenth) for k.
(b) See commenti) for kj.
Preferred Values

k.=1.2x10 *cm’molecule 's™%, independent of tem-
perature over the range 100—-380 K.

A logk,=*0.3 over the temperature range 100—380 K.

Comments on Preferred Values

Because of the large pressure range studied by
Campuzano-Josét al.® a reliable falloff extrapolation to-
ward k., was possible. The data of Campuzano-Jeisal®
are therefore preferred together with valued-gfnear 0.5.

Intermediate Falloff Range

Rate coefficient data

k/cm® molecule * st P/Torr M Temp./K Reference Technique/Comments
Absolute Rate Coefficients
2.4x 10713 600 mbar Sk 298 Wallington and Nielsen, 1981 PR (a)
(2.35+0.2)x 1013 600 mbar Sk 298 Wallingtonet al, 1992 PR (b)
Comments 2V. S. Arutyunov, L. S. Popov, and A. M. Chaikin, Kinet. Catal, 251

(@) Experiments were carried out in mixtures of ;Skhd
0O, (6.1-20 mbar. FO, radicals were monitored by UV
absorption at 220 nm.

(b) Experiments were carried out in mixtures of ¢Skhd
0O, (2.5-15 mbar. FO, radicals were monitored by UV

(1976.
3H.-L. Chen, D. W. Trainor, R. E. Center, and W. L. Fyfe, J. Chem. Phys.
66, 5513(1977).
4N. F. Shamonima and A. G. Kotov, Kinet. Catab, 187 (1979.
5N. F. Chebotarev, Kinet. Cata20, 1141(1979.
6p. Pagsberg, E. Ratajczak, A. Sillesen, and J. T. Jodkowski, Chem. Phys.
Lett. 141, 88(1987).

absorption at 220 nm. The results were analyzed to-7J. L. Lyman and R. Holland, J. Phys. Che@2, 7232(1988.

gether with those of Lyman and Holladd.
References

1C. Zetzsch/First European Symposium on Combustiedited by F. S.
Weinberg(Academic London, 1973p. 35.

8T, Ellermann, J. Sehested, O. J. Nielsen, P. Pagsberg, and T. J. Walling-
ton, Chem. Phys. Let218 287 (1994.

9P. Campuzano-Jost, A. E. Croce, H. Hippler, M. Siefke, and J. Troe, J.
Chem. Phys102 5317(1995.

107, J. Wallington and O. J. Nielsen, Int. J. Chem. Kir28, 785 (1991).

117, J. Wallington, M. M. Maricq, T. Ellermann, and O. J. Nielsen, J. Phys.
Chem.96, 982(1992.
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FO,+M—F+0,+M

AH°=53.3 kJmol™*

Low-pressure rate coefficients

Rate coefficient data

kol/st Temp./K Reference Technigue/Comments
Absolute Rate Coefficients

1.8x10 Y Ar] 295 Pagsbergt al., 1987 PR (a)

3.1x107 ' Ar] 3125

2.8x107 19 Ar] 359

(2.5+1.0)x 10" *J He] 298 Lyman and Holland, 1988 PLP (b)

1.0x 107 5T~ 1?%exp(—5990) [ N,] 315-420 Campuzano-Jost al, 1995 PLP (c)

1.5x10 Y[N,] 298

Comments Preferred Values

(@ Experiments were carried out in ArFO, mixtures ko=1.5%10"17[N,] s * at 298 K.
with detection of FQ by_ _ab_sorption at 2_20 nm. The ko=8.4X 107° (T/300) - 2%xp(~5990T) [N,] s over
rate_ Qf gpproach to equilibrium was monitored and thethe temperature range 310—420 K.
equilibrium  constant measured. A value of
AH° (298 K)=52.8 kJmol* was derived by a third-
law analysis. Rellablllty

(b) Photolysis of i at 248 nm in the presence of,@nd Alogko=+0.3 at 298 K.
bath gases. Transient absorptions at 215 nm were An=+05
monitored and the approach to equilibrium was ana- o
lyzed. A value of AH® (298 K)=56.4kJImol' was A(E/R)==500K.
derived.

(c) The kinetics were followed by monitoring the FO Comments on Preferred Values
radical by UV absorption. Experiments were carried The results of Campuzano-Jostal® are in reasonable
out between 100 and 375 K at total pressures betweeggreement with those of Pagsbergal.! but differ at 298 K
1 and 1000 bar, and in the bath gases He, Ar, apd N py 5 factor of 6 with the data from Lyman and Hollah@ihe

Measurements of the 1equi|ibrium constant lead t0preferred values are based on the data of Campuzano-Jost
AH° (0K)=49.8kJmol~.  Falloff extrapolations et al3

were carried out with a value df; near 0.5. The ex-
pression fork, was derived from the recombination
rate coefficients of the reverse reaction and the equilib-
rium constants.

High-pressure rate coefficients

Rate coefficient data

k, /st Temp./K Reference Technigue/Comments
Absolute Rate Coefficients
1.3x 10137945 exp(—59901) 315-420 Campuzano-Jost al, 1995 PLP (a)
Comments Preferred Values
(@ See commentc) for ko. k,=3.1x10°s ! at 298 K.

K,.=1.7X 10" (T/300°*°exp(-5990mM) s * over the
temperature range 310-420 K.
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Reliability ward k,, was possible. The data of Campuzano-Jeisl3
Alogk,==*0.3 at 298 K. are therefore preferred, together wilh values near 0.5.
An==*0.5.

References

A(E/R) = +500K.

1p. Pagsberg, E. Ratajczak, A. Sillesen, and J. T. Jodkowski, Chem. Phys.

Lett. 141, 88 (1987.
Comments on Preferred Values . 2J. L. Lyman and R. Holland, J. Phys. Che®®, 7232(1989.
Because of the large pressure range studied byp Campuzano-Jost, A. E. Croce, H. Hippler, M. Siefke, and J. Troe, J.

Campuzano-Joset al.® a reliable falloff extrapolation to-  Chem. Phys102, 5317(1995.

F+0,—FO+0,

AH°=—113kJImol™*

Rate coefficient data

k/cm? molecule ts™t Temp./K Reference Technique/Comments
Absolute Rate Coefficients
2.8x10 Mt exd —(226+ 200)/T] 253-365 Wagner, Zetzsch, and Warnatz, 1972 DF-MS (a)
1.3x10° 1! 298
(6.2£0.3)x10° 12 298 Bedzhanyan, Markin, and Gershenzon, £993 DF-LMR (b)
Comments Comments on Preferred Values

(@ MS detection of @ decay in the presence of an excess
of F atoms. The temporal profiles of F, FO, and O
were monitored by MS.

(b) Discharge flow system with excess of @ver F atoms.
Rate of formation of FO radicals was monitored by
LMR.

298 K values from the two studies of Wagnerall and
Bedzhanyanet al? The temperature dependence is taken
from Wagneret al! and theA factor is fitted to the preferred

supported by values df derived indirectly in studies of the
reactions of CEO and CRO, radicals with Q by Nielsen
and Sehestédand Maricq and Szente.
Preferred Values
k=1.0x10 *cm®molecule 's ! at 298 K.
k=2.2x10 texp(—230/T) cm®molecule 's™* over the References
temperature range 250-370 K.

The preferred room temperature value is the average of the

298 K value. The preferred value at room temperature is

1H. Gg. Wagpner, C. Zetzsch, and J. Warnatz, Ber. Bunsenges. Phys. Chem.

76, 526 (1972.
2Yu. R. Bedzhanyan, E. M. Markin, and Yu. M. Gershenzon, Kinet. Catal.

Reliability -
33, 594 (1993; original pages 744—75@1992.
Alogk==0.25 at 298 K. 30. J. Nielsen and J. Sehested, Chem. Phys. D&g, 433 (1993.
A(E/R)=*=200K. 4M. M. Maricq and J. J. Szente, Chem. Phys. L2t3 449 (1993.
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AH°=—143.9 kJmol*

Rate coefficient data

k/cm?® molecule *st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(2.7+0.5)x10" 1! 298 Mellouki, Le Bras, and Poulet, 1987 DF-EPR
(2.1+1)x10 1 298 Rahmaret al, 1988 DF-MS
6.0X 10" 2 exf (400+ 120)/T] 260-320 Wine, Wells, and Nicovich, 1988 PLP-A (a)
(2.3+0.1)x10" 1 298
(2.2+0.2)x107 1! 298 Beckeret al, 1991 DF-MS/EPR

Comments

(@

a value of (2.8:0.3)x10 *cm*molecule s ™.

Preferred Values

k=2.3x10 *cm®molecule*s™! at 298 K.

Pulsed laser photolysis at 351 nm, with detection of
NO; radicals by long-path laser absorption at 662 nm
At higher temperature$335—-373 K the rate coeffi-

cient was found to be independent of temperature with

Comments on Preferred Values

The recommendation is based on the results of the
temperature-dependent study of Wieeal,® and the room
‘temperature results of Melloukit al,! Rahmanet al.? and
Beckeret al* The values at room temperature are in good
agreement. The study of Wire al® was over the tempera-
ture range 260-373 K; below 320 K the authors fitted their
data with the Arrhenius expression recommended here,
whereas at higher temperatures a temperature-independent
value was found, suggesting the occurrence of different
mechanisms in the two temperature regimes.

k=6.0x 10" *?exp(400T) cm*molecule s™! over the References
temperature range 260—-320 K. A. Mellouki, G. Le Bras, and G. Poulet, J. Phys. Ché, 5760(1987.
2M. M. Rahman, E. Becker, Th. Benter, and R. N. Schindler, Ber. Bunsen-
ges. Phys. Chen2, 91 (1988.

Reliability 3(F§L.9}géWine, J. R. Wells, and J. M. Nicovich, J. Phys. Ch&®. 2223
Alogk=*0.1 at 298 K. 4E. Becker, Th. Benter, R. Kampf, R. N. Schindler, and U. Wille, Ber.
A(E/R)=*=200K. Bunsenges. Phys. Che®5, 1168(1991).

FO+0;—F+20, (1)
—FO,+0, (2)

AH°(1)=—-172kImol™*
AH°(2)=—226 kImol*

Rate coefficient data (k=k,+k;)

k/cn?® molecule *st Temp./K Reference Technigue/Comments
Absolute Rate Coefficients
<1.2x10 12 298 Sehestedt al, 1994 PR-UVA (a)
<1x10° % 298 Li, Friedl, and Sander, 1995 DF-MS (b)
Comments (b) Discharge flow-mass spectrometric technique at 1 mbar
(@ Pulse radiolysis-UV absorption spectroscopy technique total pressure. FO radicals were produced in the reac-

at 18 bar total pressure. FQadicals and @ were

monitored in absorption at 220 and 288 nm, respec-

tively.
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FO, radical concentrations was detected, and the conthat had been reported by Staricebal for ozone destruc-
centration of @ was unchanged, allowing the uppper tion quantum yields in the Fphotosensitized decomposition

limit to k tabulated above to be derived. of ozone. Results of the recent, more direct study cétLal?
are preferred over the much earlier results reported by Star-
Preferred Values icco et al?

k<1x10 *cmPmolecule 's™! at 298 K.
References

Comments on Preferred Values 1J. Sehested, K. Sehested, O. J. Nielsen, and T. J. Wallington, J. Phys.
The recommended upper limit to the rate coefficient is Chem.98, 6731(dl|994)d g e ch (1995
i a2 ; o Z. Li, R. R. Friedl, and S. P. Sander, J. Phys. Ch8.13445(1995.
based on the results of let al.lA much higher upper limit ;)" 20 and M. A, Grela, Chem. Phys, L@29, 134 (1994,
was reported by Sehested al.” A much lower upper limit  4g . staricco, J. E. Sicre, and H. J. Schumacher, Z. Phys. Chem3N.F.

was derived by Colussi and Grélsom a reanalysis of data 385 (1962.

FO+NO—F+NO,

AH°=—87kJmol™*

Rate coefficient data

k/cm® molecule * st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(2.6+0.5)x107 1! 298 Ray and Watson, 1981 DF-MS
1.86x 10 *(T/300) (0-66=0.13) 300-845 Bedzhanyan, Markin, and Gershenzon, 1993 DF-LMR
(1.9+0.4)x10" 11 300
Preferred Values room temperature values from the only two studies of Ray

1 1 and Watsohand Bedzhanyaat al? The temperature depen-
k=2.2x10" o cm’molecules™* at 29_81 K_'l dence is derived from a fit to the data of Bedzhangaal?
k=8.2<10""?exp(300T) e molecule *s™* over the  4nq theA factor is fitted to the preferred 298 K value. The

temperature range 290850 K. temperature dependence is similar to those for the analogous

CIO and BrO radical reactions.

Reliability
Alogk=*+0.15 at 298 K.
A(E/R)=+200K. References

1G. W. Ray and R. T. Watson, J. Phys. Che88, 2955(1981).
Comments on Preferred Values ) 2Yu. R. Bedzhanyan, E. M. Markin, and Yu. M. Gershenzon, Kinet. Catal.
The preferred room temperature value is the average of the34, 1 (1993; original pages 7-101993.
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FO+FO—2F+0, (1)
—FO,+F (2)

—>F2+02 (3)
AH°(1)=—59 kJmol™*

AH°(2)=-113kJmol !
AH°(3)=—-218 kJmol™*

Rate coefficient data (k=k;+k,+k3)

k/cm® molecule * st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(8.5+2.8)x1071? 298 Clyne and Watson, 1974 DF-MS
1.0x 10" 1*(T/300)*8505 300-435 Bedzhanyan, Markin, and Gershenzon, 1993 DF-LMR
Preferred Values Bedzhanyaret al? reported a weak temperature dependence,

_ 1 1 a temperature-independent rate coefficient fits their data
k=1.0x10"**cm’molecule*s™, independent of tem- equally well and is recommended in this evaluation. The
perature over the range 290-440 K. study of Bedzhanyaret al?> showed that the predominant
reaction channel is that to produce26..
Reliability
Alogk=*+0.2 at 298 K.
A(E/R) = = 250K.

References

IM. A. A. Clyne and R. T. Watson, J. Chem. Soc. Faraday Tran&0,1
Comments on Preferred Values 21109(1974). _ '
The recommended value is based on the results of Clynegg';ﬁigggﬂ{%ﬁ'xé ';A:;kg')g *;r;‘;\g;'a""' Gershenzon, Kinet. Catal.
2 . y y - .
and Watsoh and Bedzhanyaet al* In a less direct study, sy Gg. Wagner, C. Zetzsch, and J. Warnatz, Ber. Bunsenges. Phys. Chem.

Wagneret al® reported a factor of 3 higher value. Although 76, 526 (1972.

FO,+0O5;—products

Rate coefficient data

k/cm® molecule ts™t Temp./K Reference Techniqgue/Comments
Absolute Rate Coefficients
<3.4x 10716 298 Sehestedt al, 1994 PR-UVA (a)
<3x10° % 298 Li, Friedl, and Sander, 1995 DF-MS (b)
Comments Comments on Preferred Values

The preferred room temperature upper limit to the rate
coefficient is based on results of the pulse radiolysis-UV ab-
sorption study of Sehestegt al A higher upper limit was
reported by Liet al?

(@) Pulse radiolysis of @-0,—Sk; mixtures in a high pres-
sure cell at 18 bar of SF The decay of F@radicals
was monitored in absorption at 220 nm.

(b) First-order decay rate of FQn presence of excess;O
at 1.3 mbar(1 Torr total pressure was monitored by

mass spectrometry. References
Preferred Values 1J. Sehested, K. Sehested, O. J. Nielsen, and T. J. Wallington, J. Phys.
Chem.98, 6731(1994.
k<4x10 *cmPmolecule *s ™ at 298 K. 27, Li, R. R. Friedl, and S. P. Sander, J. Phys. Cheg).13445(1995.
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AH°=—182 kJmol™*

Rate coefficient data

k/cm® molecule tst Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(1.5+0.1)x10° 12 298 Sehestedt al, 1994 PR-UVA (a)
7.5x10 2 exd —(688+ 377)/T] 190-298 Li, Friedl, and Sander, 1995 DF-MS (b)
(8.5+1.3)x10° 298
Comments Reliability

Alogk=+0.3 at 298 K.

(@ Pulse radiolysis of NO-©-SFK;, mixtures in a low A(E/R) = +400K.

pressure cell at 1 bar gFThe formation of FNO was
monitored in absorption at 310.5 nm. The yield of FNO
was determined to bel00+ 14)%. Comments on Preferred Values

(b) First-order decay rates of B the presence of excess The preferred values are based on results of the
NO at 1.3 mbax1 Torn total pressure were monitored temperature-dependent study of éfial> The higher room

by mass spectrometry. The yield of FNO was con-temperature rate coefficient of Sehestemhl! is encom-
cluded to be nearly 100%. passed within the assigned uncertainty limits.

Preferred Values References

— —13 ;11
k_7'5>< 10_120”]3 molecule mz at 298_l1<'_1 1J. Sehested, K. Sehested, O. J. Nielsen, and T. J. Wallington, J. Phys.
k=7.5x10" *“exp(—690/T)cm”molecule s~ over the Chem.98, 6731(1994.

temperature range 190-300 K. 27. Li, R. R. Friedl, and S. P. Sander, J. Phys. Che.13445(1995.

FO,+NO,—products

Rate coefficient data

k/cm® molecule *s™t Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(1.05+0.15)x 10 %3 298 Sehestedt al, 1994 PR-UVA (a)
3.8x 10 Mexd —(2042+456)/T] 260-315 Li, Friedl, and Sander, 1595 DF-MS (b)
(4.2+0.8)x10" 1 298
Comments Preferred Values

(@ Pulse radiolysis of N@-O,—SFK; mixtures in a low k=4.0x 10" ¥cm®molecule s at 298 K.
pressure cell at 1 bar $/@nd also in a high pressure  k=3.8x10 texp(—2040m) cm®molecule *s ! over the
cell at 18 bar Sk The decay of NQwas monitored in  temperature range 260-320 K.
absorption at 400 nm, and that of F@dicals at 220
nm. The rate coefficient showed no dependence or|]_2 I
eliability
pressure over the pressure range 1-18 bar gf SF _
b Fi der d f dicals in th ¢ A logk==0.3 at 298 K.
(b) First-order decay rate of F@adicals in the presence o A(E/R)=+500K.
excess N@ at 1.3 mbar(1 Torr) total pressure was

monitored by mass spectrometry. Comments on Preferred Values

The preferred values are based on results of the
temperature-dependent study of éfial? The higher room
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temperature result of Sehestetal! might be attributable to References
a small NO impurity in the N@sample used. The observed

p03|tlvg temperature_ dependence suggests th(.:lt regcthn 093. Sehested, K. Sehested, O. J. Nielsen, and T. J. Wallington, J. Phys.
curs primarily by a simple bimolecular mechanism yielding chem.9s, 6731(1994.
FNO,+0.,. 27. Li, R. R. Friedl, and S. P. Sander, J. Phys. Ches.13445(1995.

FO,+CO—products

Rate coefficient data

k/cn?® molecule *st Temp./K Reference Technigue/Comments
Absolute Rate Coefficients
<5.1x10716 298 Sehestedt al, 1994 PR-UVA (a)
Comments Comments on Preferred Values

The preferred room temperature upper limit is based on
results of the pulse radiolysis-UV absorption study of Se-
hestedet al® This is the sole reported study of this reaction.

(@ Pulse radiolysis of CO—£-SK; mixtures in a high
pressure cell at 18 bar gFThe decay of F@radicals
was monitored in absorption at 220 nm.

References

Preferred Values

1J. Sehested, K. Sehested, O. J. Nielsen, and T. J. Wallington, J. Phys.
k<6x10 cm*molecule 's™! at 298 K. Chem.98, 6731(1994.

4.2. Chlorine Species

O+HOCI—-HO+CIO

AH°=-30kJmol*

Rate coefficient data

k/cm® molecule * st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(1.3+0.2)x10°13 298 Vogt and Schindler, 1992 DF-MS
(1.7+0.3)x10° = 213-298 Schindler, Dethlefs, and Schmidt, 1996 DF-MS
Preferred Values of temperature over the range 213-298 K. These results are

13 I preferred over those of the previous sttidsom the same
k=1.7x10"**cm’molecule *s™*, independent of tem- laboratory, which was only at room temperature. In the most

perature over the range 210-300 K. recent study, product analysis usinfO atoms andb initio
model calculations indicate that Cl atom abstraction is the
Reliability predominant primary reaction channel.

A logk==*+0.5 at 298 K.
A(E/R)=*=300K.
References

Comments on Preferred Values IR, Vogt and R. N. Schindler, Geophys. Res. L&8, 1935(1992
. Vogt and R. N. Schindler, Geophys. Res. .
The preferred values are based on the results of the StUdyR. N. Schindler, J. Dethlefs, and M. Schmidt, Ber. Bunsenges. Phys.

of Schindleret al, in which k was found to be independent  Chem.100, 1242(1996.
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0+CIO—CI+0,

AH°=—229.5kJ mol™*

Rate coefficient data

k/cm?® molecule *st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(5.3+0.8)x10° 1! 298 Bemand, Clyne, and Watson, 1973 DF-RF
(5.7+2.3)x10° 11 298 Bemand, Clyne, and Watson, 1973 DF-MS
1.07xX 10" P exy —(224+76)/T] 220-426 Clyne and Nip, 1976 DF-RF
(5.2+1.6)x10"* 298
5.2x 10" exd —(96+20)/T] 236-422 Leu, 1984 DF-RF
(3.6-0.7)x10 1 296
(4.2+0.8)x10° 11 241-298 Margitan, 1984 PLP-RF
(3.5+0.5)x10" 1! 252-347 Schwalet al, 1984 DF-RF/RA/LMR (a)
1.55< 10 M exd (263+60)/T] 231-367 Nicovich, Wine, and Ravishankara, 1988 PLP-RF(b)
(3.8+0.6)x10° 1! 298
Relative Rate Coefficients
4.5x 10" M exf —(14+ 120)/T] 218-295 Zahniser and Kaufman, 1§77 RR (c)
(4.3£0.7)x10™ 11 295
2.6xX10 Mt exd (97+64)/T] 220-387 Ongstad and Birks, 1986 RR (d)
(3.8+0.6)x10° ! 298
Comments (d) Discharge flow system with detection of ¥}) atoms

(@

(b)

(©

by O+NO+M chemiluminescence in the presence of
excess ClO. The CIO radical concentrations were de-
termined indirectly byin situ conversion to NG by
addition of NO and k measured relative to
k(O+NO,—NO+0,) = 6.58x 10 %ex (142+ 23)/
T]cm®molecule s 1, determined concurrently in the
same system. The total pressure was 3.1 mbar. No ef-
fect of O, was observed at 230 K.

Discharge flow system with LMR detection of CIO
radicals and resonance fluorescence detection(¢%)O
and Cl atoms. Pseudofirst order decay ¢fR) atoms

in the presence of excess CIO and decay of CIO in the
presence of excess(¥P) gave good agreement for the
rate coefficenk. There was no discernable temperature
dependence over the range studied. The total pressure
was in the range 1.1-2.7 mbar.

Dual pulsed laser photolysis system with resonance
fluorescence detection in slow flow reactor. CIO radi-
cals were produced by reaction of excess Cl, produced k=3.8x 10" **cm*molecule *s™?, independent of tem-
by 351 nm excimer laser photolysis of,Civith known  perature over the range 210-430 K.

concentrations of @ O(P) atoms were produced by

266 nm laser photolysis of CIO after appropriate delay

time, and were monitored by resonance fluorescenceReliability

The measured GP) atom decay rate was corrected for A logk==0.1 at 298 K.

losses due to reaction with £and other routes. The  A(E/R)==250K.

total pressure was in the range 33—-667 mbar, and no

effect of pressure on the rate coefficidntwas ob-  comments on Preferred Values

served. The most recent studies all give valuesk@@98 K) about

The rate coefficientk was measured relative to 309 lower than the earlier work of Bemagtial! and Clyne
k(Cl+0O5) using the discharge flow technique in con- and Nip? The two most recent studi$ give a negative
junction with resonance fluorescence monitoring of Cltemperature dependence, in contrast to the earlier work
atom concentrations and resonance absorption monitowhich showed zero or positive temperature coefficients. The
ing of OCP) atom concentrations in a system wherepreferred value is independent of temperature and is obtained
O(CP), Cl, ClO, and @had reached a steady-state con-by averaging the 298 K values from LéuMargitan?
dition. The tabulated Arrhenius expression was ob-Schwabet al.® Nicovich et al.® Zahniser and Kaufmahand
tained by combining the experimentally determined ra-Ongstad and Birk8.The uncertainty orE/R allows for a

tio of k(O+CIO)/k(Cl+0O3)=1.55exp(246=30)/T] temperature dependence consistent with all studies. Leu and
with the rate coefficient of k(CI+03)=2.9 Yung’ have shown that the yields of,3A) and Q(*3) in

x 10™ Yexp(—260/T) cm® molecule st (this evalua-  the reaction are<2.5x10 2 and (4.4-1.1)x 104, respec-
tion). tively.

Preferred Values
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References 4J. J. Margitan, J. Phys. Cher88, 3638(1984.
5J. J. Schwab, D. W. Toohey, W. H. Brune, and J. G. Anderson, J. Geo-
phys. Res89, 9581(1984).
1p. P. Bemand, M. A. A. Clyne, and R. T. Watson, J. Chem. Soc. Faraday®J. M. Nicovich, P. H. Wine, and A. R. Ravishankara, J. Chem. P89s.

Trans. 169, 1356(1973. 5670(1988.
2M. A. A. Clyne and W. S. Nip, J. Chem. Soc. Faraday Trang212211 M. S. Zahniser and F. Kaufman, J. Chem. Pt86;.3673(1977.
(1976. 8A. P. Ongstad and J. W. Birks, J. Chem. PHg5. 3359(1986.
3M.-T. Leu, J. Phys. Chen88, 1394(1984). 9M.-T. Leu and Y. L. Yung, Geophys. Res. Lett4, 949 (1987.
0+0Cl0—0,+CIO

AH°=—243.2 kJmol™*

Rate coefficient data

k/cm® molecule t st Temp./K Reference Technique/Comments
Absolute Rate Coefficients

(5+2)x10°18 298 Bemand, Clyne, and Watson, 1473 DF-RF/MS (a)

(1.6+0.4)x 10713 298 Colussi, 1990 PLP-RF(b)

See Comment 248-312 Colussi, Sander, and Friedl, 31992 PLP-RF(c)

2.4x 10 2 exd —(960+ 120)/T] 243-400 Gleason, Nesbitt and Stief, 1994 DF-RF (d)

(1.020.3)x10° 13 298

Comments mbar. Measurements were made over the temperature

range 200—400 K. The data for the temperature range
243-400 K were fitted with the Arrhenius expression
given in the table. Data at lower temperatures showed a
negative temperature dependence.

(@ Discharge flow system. Two independent methods
were used: OP) atom decay in excess OCIO moni-
tored by resonance fluorescence, and OCIO decay in
excess @P) determined by MS. There was only fair
agreement between the two methods.

(b) Pulsed laser photolysis of OCIO at 308 nm, with the
O(®P) atom decay being determined by resonance fluo- Preferred Values
rescence. The results were extrapolated to zero laser
pulse intensity. Measurements were made over the k=1.0x10 ®cm®molecule s ! at 298 K.
pressure range 13—1040 mbar of Ar. The observed rate k=2.4x 10" *?exp(—960/T) cnm’>molecule 1s™* over the
coefficients were pressure dependent, indicating théemperature range 240—-400 K.
presence of a termolecular association reaction. The
value reported for the bimolecular component was not
directly measured but was derived from fitting a falloff Reliability
curve to the experimental data over the entire pressure A l0gk==*0.3 at 298 K.
range. A(E/R)=*300K.

(c) Pulsed laser photolysis of OCIO at 308 nm, with the
O(®P) atom decay being determined by resonance fluoComments on Preferred Values
rescence. The observed rate coefficients were pressureThe preferred values are based on the results of the dis-
dependent, indicating the presence of a termoleculacharge flow-resonance fluorescence study of Gleasah’
association reaction. A negative temperature depen©ver the temperature range of the recommendat#0—
dence was observed for the bimolecular component400 K), their dat& were well fit by the Arrhenius expression
with the reported values ok increasing from 1.5 given, but at lower temperatures down to 200 K there was an
x10 BemPmolecule s at 312 K to 4.0 abrupt change to a negative temperature dependelheg-

X 10~ e molecule ts™! at 248 K. These values for pears that the experiments of Bemagidal® were compli-
the bimolecular component were not directly measuredtated by secondary chemistry. The experiments of Cdlussi
but were derived quantities which are consistent withand Colusskt al® over an extended pressure range demon-
falloff curves fitted to the experimental data over thestrate the importance of the termolecular reactieee sepa-
pressure range 26—800 mbar of Ar. rate data sheet on-00CIO+M). However, the extrapolated

(d) Discharge flow system with resonance fluorescence ddew pressure rate coefficients of Colfsahd Colusset al?
tection of °P) atoms. The total pressure was 1-7 show a negative temperature dependence over the range
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248-312 K, in contrast to the data of Gleasiral* Maul-  with the value of Gleasoet al,* but not with the extrapo-

din et al® have studied the mechanism and products of thidated values of Colussit al?

system at 260 K and a total pressure of 430 mbar af N

Under these conditions the value of the rate coefficient for

the reaction G—OCIO—>products was reported to be 1.9 'P.P.Bemand, Mi A. A3 Clyne, and R. T. Watson, J. Chem. Soc. Faraday
— 12 115 [ ; Trans. 169, 1356(1973.

><10. . e molecule s . _Comblnlng Fh|s overall rgte 2p. 3. Colussi, J. Phys. Cherd, 8922(1990).

coefficient with the observation that the yield of CIO radicals 3a. J. Colussi, S. P. Sander, and R. R. Friedl, J. Phys. Clegn4442

under these conditions is 5%, leads to an upper limit of  (1992.

4 . .
0 _13 1.1 J. F. Gleason, F. L. Nesbitt, and L. J. Stief, J. Phys. Cl88n126(1994.
k(O+OCI OZ+CIO) <1X10 Cm3 molecule s at 5R. L. Mauldin 11, J. B. Burkholder, and A. R. Ravishankara, Int. J. Chem.

260 K. This upper limit to the rate coefficient is consistent Kinet. 29, 139(1997.

References

O+0CIO+M—ClO;+M

AH°=—112.2 kJmol™*

Low-pressure rate coefficients

Rate coefficient data

ko /e moleculet st Temp./K Reference Technique/Comments
Absolute Rate Coefficients

(1.4+0.3)x10 3L[Ar] 298 Colussi, 1990 PLP-RF(a)

1.8x 10 %1 (T/298) 1 [Ar] 248-312 Colussi, Sander, and FriedI, 1992 PLP-RF(b)

Comments Reliability

Pulsed laser photolysis of OCIO at pressures of Ar be- a Io_gtoziO.S at 298 K.
tween 10 and 1000 mbar. The oxygen atoms produced An==0.5K.
were detected by resonance fluorescence. Fit of the

(@

falloff curve usedrF.=0.6.
See commenta). The falloff curves were fitted with
F.=0.5 at 248 K, 0.48 at 273 K, and 0.45 at 312 K.

(b)

Preferred Values

ko=1.8x1031(T/298) 1 [N,]cm® molecule 's™t over
the temperature range 240-320 K.

Comments on Preferred Values

The preferred values are based on the data of Colussi
et al? using falloff extrapolations with a fitted value &,
=0.47 at 298 K. A representation @i, in the form F_
=exp(=T/T*) leads toT* =400 K.

High-pressure rate coefficients

Rate coefficient data
k.. /cm® moleculets™t Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(3.1+0.8)x107 ¢ 298 Colussi, 1990 PLP-RF(a)
3.1x10 11 (T/298) 248-312 Colussi, Sander, and Friedl, 1992 PLP-RF(b)
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Comments Comments on Preferred Values

See comments ok,. The rate coefficients of Colussi
et al? were confirmed by measurements carried out by
Mauldin et al® at 260 K and 430 mbar of ) Under these
conditions(260 K and 430 mbar of }, Mauldin et al2 ob-
served that the reaction led to the formation of CIO radicals
with a yield of <5%. Mauldin et al® concluded that the
combination reaction may involve the intermediate forma-
tion of a species such as-OCIO which is different from

k,=3.1x 10" 1 (T/298)! c® molecule 's™! over the ClO; and which does not rearrange to give+cCIO.

(@ See commenta) for kg.
(b) See commenth) for k.

Preferred Values

temperature range 240-320 K. References
tA. J. Colussi, J. Phys. Cherfi4, 8922(1990.
Reliability 2A. J. Colussi, S. P. Sander, and R. R. Friedl, J. Phys. Clg&n4442
(1992.
Alogk.==*0.3 at 298 K. 3R. L. Mauldin 11, J. B. Burkholder, and A. R. Ravishankara, Int. J. Chem.
An=*1, Kinet. 29, 139(1997.
0+Cl,0—CIO+CIO

AH°=—123.1 kJmol™*

Rate coefficient data

k/cm® molecule tst Temp./K Reference Technique/Comments
Absolute Rate Coefficients

2.7x 10" ex] — (560+ 80)/T] 236-295 Miziolek and Molina, 1978 DF-CL

(4.1+0.5)x 1012 295

3.3x10 M exd —(700+ 150)/T] 237-297 Wecker, Johanssen, and Schindler, 1982 DF-EPR

(3.1+0.5)x 10712 297

2.7X10 M exd —(510+ 30)/T] 230-380 Stevens and Anderson, 1992 DF-RF

(4.7+0.2)x10° 12 298

Preferred Values in good agreement. The significantly lower values of Wecker

et al? are not included, nor are earlier, higher results of
Basco and Dogfaand Freeman and Phillipgue to data
analysis difficulties in both studiés.

k=4.5x10 *2cm®*molecule *s ™! at 298 K.
k=2.7x10 texp(—530/) cm®molecule 's ™! over the
temperature range 230-380 K.

Reliability
A logk=*+0.15 at 298 K.
A(E/R)=*=200K.

References

LA. W. Miziolek and M. J. Molina, J. Phys. Cheri2, 1769(1978.
2D. Wecker, R. Johanssen, and R. N. Schindler, Ber. Bunsenges. Phys.
Chem.86, 532(1982.
Comments on Preferred Values . 3p. S. Stevens and J. G. Anderson, J. Phys. Cle&m1708(1992.
The preferred value at 298 K is based on the results ofsN Basco and S. K. Dogra, Proc. Roy. Soc. LondoB28, 29 (1971).

Stevens and Andersdand Miziolek and Molind, which are 5C. G. Freeman and L. F. Phillips, J. Phys. Ché&i®.3025(1968.
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O+CIONO,—CIO+NO; (1)
—OCIO+NO, (2)

—0,+CIONO  (3)

AH°(1)=-96.7 kJmol!
AH°(2)=—143.3kJmol™*
AH°(3)=-216 kJmol !

Rate coefficient data (k=k;+k,+k3)

k/cm® molecule ts™t Temp./K Reference Technique/Comments
Absolute Rate Coefficients

(2.0£0.2)x 10713 245 Ravishankarat al, 1977 FP-RF

3.4x10" 2 exd —(840+ 60)/T] 213-295 Molina, Spencer, and Molina, 1977 DF-CL

(2.0+0.4)x 10713 295

1.9x 10" P exy — (692+ 167)/T] 225-273 Kurylo, 1977 FP-RF

1.8x10 13 298

(2.3+0.6)x10 =2 298 Adler-Golden and Wiesenfeld, 1981 FP-RA

(2.4+0.4)x10713 298 Tyndallet al, 1997 PLP-RF

4.5X 10" 2 exf] — (900 80)/T] 202-325 Goldfartet al, 1998 PLP-RF/A(a)

(2.2+0.2)x10713 298

Comments different techniques. Results obtained by these two tech-

@

nigues were in complete agreement. Results of the earlier

k was measured by t.WO !ndependent techniqués: temperature dependent studies of Moletaal? and Kurylo®
pulsed laser photolysis with time-resolved resonance .
. and the room temperature studies of Adler-Golden and
fluorescence detection of O-atom decay, &)dulsed . 5 . .
BN Wiesenfeld and Tyndallet al® are in good agreement with
laser photolysis with time-resolved long-path absorp-
) . . the preferred values.
tion at 662 nm by the product N@adical. The yield of . . .
. : . Using the long-path absorption apparatus to monito NO
NOj; radicals produced in the reaction was also mea-_ . 6 : .
sured in the long-path absorption apparatus radicals, Goldfarm al. me_asured the yield _of the M@dl-
' cal produced in this reaction to be approximately unity. Al-
Preferred Values lowing for uncertainties in the measurements they concluded
that NO; and CIO radicals are the primary products of this
k=2.2x10"Bcmdmolecule st at 298 K. reaction and account for at least 70% of the reaction over the

k=4.5x 10" 2exp(~900/T) cn molecule 1s ! over the temperature range studi¢a48—-298 K.°

temperature range 200—330 K.

References

IA. R. Ravishankara, D. D. Davis, G. Smith, G. Tesi, and J. Spencer,

Reliability Geophys. Res. Lettl, 7 (1977).
A'logk==*+0.08 at 298 K. 2L. T. Molina, J. E. Spencer, and M. J. Molina, Chem. Phys. 144t.158
A(E/R)==*=150K. (1977.

3M. J. Kurylo, Chem. Phys. Let49, 467 (1977.
4S. M. Adler-Golden and J. R. Wiesenfeld, Chem. Phys. L&2. 281

Comments on Preferred Values (1981.

The preferred values are based on the results of the studi/G'

S. Tyndall, C. S. Kegley-Owen, J. J. Orlando, and J. G. Calvert, J.
Chem. Soc. Faraday Trar@3, 2675(1997).

6 .
of Goldfarb et ?'- This StUC_I)_/ encompassed the broadests| goigfarb, M. H. Howard, J. B. Burkholder, and A. R. Ravishankara, J.
range of experimental conditions and used two completely Phys. Chem. AL02 8556(1998.
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194 ATKINSON ET AL.

Cl+H,—HCI+H

AH°=4.4kImol*

Rate coefficient data

k/cm?® molecule *st Temp./K Reference Technique/Comments
Absolute Rate Coefficients

2.0x10 M exd —(2164+ 101)/T] 251-456 Westenberg and de Haas, 1968 DF-EPR

(1.35+0.07)x 10" 14 297

(1.26+0.1)x 10" 298 Davis, Braun, and Bass, 1970 FP-RF(a)

5.5x 10"t exd —(2391+ 50)/T] 213-350 Watsonet al, 1975 FP-RF

(1.80+0.2)x 10 4 298

2.66x 10 M exgd —(2230+60)/T] 200-500 Leeet al, 1977 FP-RF

(1.77+0.13)x 10" 14 302

3.65x 10 M exd —(2310+20)/T] 202-498 Miller and Gordon, 1981 FP-RF

(1.49+0.07)x 10" 14 298

6.00x 10" exd —(2470+ 100)/T] 297-425 Kita and Stedman, 1982 DF-RF

(1.46+0.22)x 10" 14 297

4.4x 10" 1 exp(—25681T) 291-1283 Adusei and Fontijn, 1994 FP/PLP-RF

8.1x1071° 291

(1.68+0.22)x 10" 14 296 Kumaran, Lim, and Michael, 1994 PLP-RA (b)

Comments maranet al® The results of these studies are in excellent

(@ Rate coefficient has been decreased by 10%, as recon%gre?mem below-300K; at higher tempgratures the tala
mended by the NASA evaluation pael ' are in poorer agreement. The two studies of Miller and

- Gordor' and Kita and Stedm&rave measured both the for-
(b) Rate coefficients also measured over the temperature .
L ard and reverse rates and have shown that the rate coeffi-
range 699-3020 K, and a combination of the 296 and . . . o
. . cient ratio agrees with equilibrium constant data. The room
699 K to 3020 K rate coefficients resulted ki=4.78 e . L
16158 1.1 temperature rate coefficients of Adusei and Fohtire in
X 10~ 16T158exp(—1610M) cm® molecule 1s™2, .
reasonable agreement with the preferred values.

Preferred Values
References

k=1.7x10 “cm®molecule 's™! at 298 K.

k=3.9x10 'exp(~2310T) cm® molecule *s * overthe A, A. Westenberg and N. de Haas, J. Chem. PHis4405(1968.
temperature range 200-310 K. 2D. D. Davis, W. Braun, and A. M. Bass, Int. J. Chem. Kin2t.101
(1970.
3R. T. Watson, E. S. Machado, R. L. Schiff, S. Fischer, and D. D. Davis,
Proceedings of the 4th CIAP Conference, DOT-OST-75, 1975.

Reliability 43, H. Lee, J. V. Michael, W. A. Payne, L. J. Stief, and D. A. Whytock, J.
Alogk==*0.1 at 298 K. Chem. Soc. Faraday Trans78, 1530(1977.
A(E/R)=*+200K. ®J. C. Miller and R. J. Gordon, J. Chem. Phys, 5305(199)).
D. Kita and D. H. Stedman, J. Chem. Soc. Faraday Trans8, 21249
(1982.
Comments on Preferred Values "G. Adusei and A. Fontijn25th International Symposium on Combustion,
: : s : 1994 (the Combustion Institute, Pittsburgh, PA, 199dp. 801-808.
The preferr'eq value is derived from a least squaressflt 10s5”°. kumaran, K. P. Lim, and J. V. Michael, J. Chem. P, 9487
the rate coefficients measuredaB02 K by Watsoret al, (1994).

Leeet al.* Miller and Gordorr? Kita and Stedmaf,and Ku- 9NASA Evaluation No. 12, 1997see references in Introductipn
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Cl4+HO,—HCI+0, (1)

—CIO+HO (2)

AH°(1)=—228.2 kmol ™!
AH°(2)=-5.0kJmol ™!

Rate coefficient data (k=k,+k,)

k/cm® molecule st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(4.23+0.07)x107 ¢ 250-414 Lee and Howard, 1982 DF-LMR (a)
ki=(4.4+1.5)x10 1 308 Cattell and Cox, 1986 MM (b)
k,=(9.4+1.9)x 10 *? 308
Branching Ratios
k, /k=1.09 exp(-478IT) 250-414 Lee and Howard, 1982 DF-LMR (a)
Comments A(E;/R)=A(E,/R)=*250K.
(@ On the basis of the temperature independent overall

(b)

rate coefficient and the temperature dependent brancSomments on Preferred Values

ing ratio, the authors derived the rate coefficient ex- The preferred values fdt; andk, are based on results of
pressions k;=1.8x 10" *exd(170=80)/T]cm*mol-  the direct study by Lee and HowatdThese expressions
ecule’s™? and k,=4.1x10 Mexg—(450+60)T]  were derived by the authors from data on the overall rate
cm®molecule s coefficient and the branching ratio. The total rate coefficient
Rate coefficients were derived from the observed timeis temperature independent over the range 250-420 K with a
concentration behavior of HGand CIO radicals using value of 4.2<10™ **cm®molecule *s™%, and the room tem-
computer simulations and a 25-step reaction mechaperature results of Cattell and Coare in good agreement
nism. Because of uncertainties in the Cl atom concenwith this recommendation. Based on the combined results of
trations, the rate coefficienkg andk, cited abovgfor  these two studies, neither channel shows any pressure depen-
1 bar total pressujemay be low by a factor of 2 and dence between 1 mbar and 1 bar showing that stabilization of
high by a factor of 2, respectivefyThe reaction was the HOOCF intermediate does not occur, the two bimolecu-
also studied over the pressure range 67—1013 mbalar channels making up the entire reaction pathway. The
and no pressure dependence of eitheor k, over this  more recent study of Dobis and Bendaaports a total rate

range was evident. coefficient in good agreement with this recommendation but
a significantly lower value of the branching ratig/k. Re-
Preferred Values sults of earlier indirect studi&s’ were not used in the evalu-

ation of the Preferred Values.

k;=3.2<10 *cmPmolecule ts™t at 298 K.

k,=9.1x 10" *cm®molecule *s™* at 298 K.

k,=1.8x10 exp(1707) cm*molecule st over the
temperature range 250-420 K.

k,=4.1x 10" *exp(—450/T) cm® molecule *s™* over the

References

1Y.-P. Lee and C. J. Howard, J. Chem. Phy3, 756 (1982.
2F, C. Cattell and R. A. Cox, J. Chem. Soc. Faraday Tran82,21413

temperature range 250-420 K. (1986.

30. Dobis and S. W. Benson, J. Am. Chem. Sbt5, 8798(1993.
4M.-T. Leu and W. B. DeMore, Chem. Phys. Leffl, 121 (1976.
5G. Poulet, G. Le Bras, and J. Combourieu, J. Chem. F6§//67(1978.

Re“ablllty_+ 6J. P. Burrows, D. I. Cliff, G. W. Harris, B. A. Thrush, and J. P. T.
A |09 I(l_—o-2 at 298 K. Wilkinson, Proc. Roy. SodLondon A 368 463(1979.
Alogk,==*0.3 at 298 K. ’R. A. Cox, Int. J. Chem. Kinet12, 649 (1980.
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AH°=—-62.7 kJmol™*

ATKINSON ET AL.

Rate coefficient data

k/cm?® molecule *st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(5.8 39 x10° 13 298 Watsoret al, 1976 FP-RF(a)
(6.2+1.5)x10713 295 Leu and DeMore, 1976 DF-MS
1.24x 10 2 exd —(384+168)/T] 265-400 Michael et al, 1977 FP-RF(b)
(3.64+0.52)x 10 *® 299
(4.0+0.4)x10713 298 Poulet, Le Bras, and Combourieu, 1978 DF-MS
1.05x 10 exy —(982+102)/T] 298-424 Keyser, 1980 DF-RF
(4.1+0.2)x10713 298

Comments

(@ A recalculated rate coefficient
X 10~ 3¢ molecule 's™1 is cited in Michaelet al?

(b) Obtained using KD, concentrations measured after the
reaction cell. Using an average of the®j} concentra-
tions measured in the reactant flow prior to and afte

of

and Keyset range from (3.6-6.2%10 *cm®mole-
5.9 cule”*s™L. The studies of Michaedt al.® Pouletet al,* and
(52 ; ;

Keyser are considered to be the most reliable. The recom-
mended Arrhenius expression is that reported by Keyser.
The rate coefficient measured by Michaglal?® at 265 K is
rjn good agreement with the recommendation; howeverAthe

the reaction cell, a rate coefficient kf= (3.14* 0.56) factor reported is considerably lower than that expected from

x 10" BcmPmolecule s, independent of tempera-
ture over the range 265-400 K, was obtained.

Preferred Values

k=4.1x10"¥cm*molecule ts™t at 298 K.
k=1.1x10 'exp(—980/T) c®molecule 1s™! over the  abstraction mechanism.

temperature range 260—-430 K.

Reliability
Alogk=+0.2 at 298 K.
A(E/R)= +500K.

Comments on Preferred Values

theoretical considerations and may be attributed to decompo-
sition of H,O, above 300 K(which was indeed observed,
especially at 400 K More data are required before the
Arrhenius parameters can be considered to be well estab-
lished. Heneghan and Bensdrnysing mass spectrometry,
confirmed that this reaction proceeds only by the H-atom

References

!R. Watson, G. Machado, S. Fischer, and D. D. Davis, J. Chem. BBys.
2126(1976.

2M.-T. Leu and W. B. DeMore, Chem. Phys. Leftl, 121 (1976.

3J. V. Michael, D. A. Whytock, J. H. Lee, W. A. Payne, and L. J. Stief, J.
Chem. Phys67, 3533(1977.

4G. Poulet, G. Le Bras, and J. Combourieu, J. Chem. F8§/s/67(1978.

The r0(1)m temperature rate _coefficientssmeasured b)ﬁ1 Wats_ £ keyser, J. Phys. Cherg4, 11 (1980.
sonet al,* Leu and DeMoré&,Michael et al.® Pouletet al., 6S. P. Heneghan and S. W. Benson, Int. J. Chem. Kit&t1311(1983.
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Cl4+0,+M—CIOO+M

AH°=—23.8kJmol™*

Low-pressure rate coefficients

Rate coefficient data

ko /cm® molecule ! st Temp./K Reference Technique/Comments
Absolute Rate Coefficients

5.6x10 %4 Ar] 200-300 Clyne and Coxon, 1968 DF (a)

1.7X10 3N, +0,] 300 Nicholas and Norrish, 1968 FP-UVA (b)

(8.9+2.9)x103J 0,] 186.5 Nicovichet al, 199F PLP-RF(c)

1.6x 10 3(T/300) 29 0,] 160-260 Baeet al, 1991 PLP-UVA (d)

(6.3-1.2)X10°3J 0,] 186.5

1.4x 107 3¥(T/300) > N,] 160-260 Baeet al, 19971 PLP-UVA (d)

Comments ko=1.6x10"33(T/300) %°[0,] cm® molecule 's™ over

(3 Measurements attributed to D. H. Stedman. Cl atomdh€ temperature range 160-300 K.

(b)

(©

(d)

were monitored by chlorine afterglow emission.

Rate coefficients were determined by a complex analyReliability

sis of the time-resolved production of CIO radicals in A logky==0.2 at 200 K.
the photolysis of GO, mixtures. CIO radicals were An==*1.

measured by photographic recording of their absorp-

tion. _ ~ Comments on Preferred Values

Photolysis of C}-O, mixtures at 181-200 K and with  thg two recent studies of Nicovit al® and Baeret al*

O, pressures of 20—53 mbar. Detection szeé/z)_ at-  are in good agreement and are also consistent with the older
oms. An 99;1"'”'“"1 constant for the reaction of yaia of Nicholas and Norrishif one takes into account the
Kp=18.9bar ™ was determined at 185.4 K. strong temperature dependencekgf The most extensive
Photolysis of C}-0,~M mixtures with M=He, Ar, O, measurements of Baet al? are the basis for the preferred
and N,, with detection of CIOO radicals. Redetermina- y4yes. No falloff expressions are reported here, because de-
tion of the CIOO radlcl:«?al absorption Cross sections gavejiations from third-order behavior become apparent only at
(248 nm)=3.4x10 "cnfmolecule ™.  Measure- pressures higher than 10 bar and because the falloff formal-

ments over the temperature range 160-260 K and thgym qoes not apply to the radical-complex mechanism oper-
pressure range 1-1000 bar were in agreement with thﬁting in this case.

data of Mauldinetal® Negligible deviations from
third-order behavior were observed at pressures below
10 bar. At higher pressures, an anomalous transition to
a high pressure plateau was observed. This and the
anomalously strong temperature dependence suggest 1&|1\/| A A Clyne and J. A, Coxon, Proc. Roy. Soc. London3ag 207
radical-complex mechanism. An equilibrium constant (1'963_ s n ' - ROY. S0C.

of K,=5.3x 10 °exp(23.4kImol/RT) bar ! was 2J. E. Nicholas and R. G. W. Norrish, Proc. Roy. Soc. LondoB0X 391

determined over the temperature range 180—-300 K.  (1968.
3J. M. Nicovich, K. D. Kreutter, C. J. Shackelford, and P. H. Wine, Chem.

References

Phys. Lett.179 367 (1992.
Preferred Values 4S. Baer, H. Hippler, R. Rahn, M. Siefke, N. Seitzinger, and J. Troe, J.
Chem. Phys95, 6463(1991).

ko= 1.4x10"%3(T/300) *°[N,]cm®molecule *s™* over SR. L. Mauldin 1ll, J. B. Burkholder, and A. R. Ravishankara, J. Phys.
the temperature range 160—300 K. Chem.96, 2582(1992.
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AH°=23.8 kimol™*

ATKINSON ET AL.

ClIOO+M—Cl+0,+M

Low-pressure rate coefficients

Rate coefficient data

kol/st Temp./K Reference Technigue/Comments
Absolute Rate Coefficients
1.9x10710,] 185.4 Nicovichet al, 1991 PLP-RF(a)
2.8X 10 exp(—18207T) [N,] 160-260 Baeet al, 1997 PLP-UVA (a)
6.2}<10713[N,] 298"
6.3x 10" %exp(—20307T) [O,] 160-260 Baeet al, 1997 PLP-UVA (a)
1.1} 10" ¥[0,] 185.4

Comments

(@ From measurements of the reverse reaction and thg

equilibrium constant.

Preferred Values

ko=6.2x10 3[N,]s ! at 298 K.

Comments on Preferred Values

The preferred values are based on the extensive data of
aer et al? No deviations from third-order behavior were
observed at pressures below 1 bar. The reaction probably
does not proceed via an energy-transfer mecharisee
comments on the reverse reactionrt@,+M—CIOO+M),

but rather by a radical-complex mechanism.

ko=2.8x 10 exp(-18201) [N,]s * over the tempera-

ture range 160—-300 K.

Reliability
A logky==*0.3 at 298 K.
A(E/R)=*=200K.

AH°=—-32.6 kJmol™*

References

1J. M. Nicovich, K. D. Kreutter, C. J. Shackelford, and P. H. Wine, Chem.
Phys. Lett.179, 367 (1997).

2S. Baer, H. Hippler, R. Rahn, M. Siefke, N. Seitzinger, and J. Troe, J.
Chem. Phys95, 6463(1997).

CI+CO+M—CICO+M

Low-pressure rate coefficients

Rate coefficient data

ko /cm® molecule tst Temp./K Reference Technique/Comments
Absolute Rate Coefficients

(9.1+3.0)X 10" **[Ar] 300 Clark, Clyne, and Stedman, 1966 DF (a)

1.05x 10~ ** exp{ (810+ 70)/T] [N,] 185-260 Nicovich, Kreutter, and Wine, 1990 PLP-RF(b)

Comments

tional experiments carried out at 195 K, an activation
energy of about-8.4 kJ mol'! was obtained.

(@ CIl atoms were generated from the photolysis of b)
Cl,—He mixtures and were measured by titration with
nitrosyl chloride using the red chlorine afterglow spec-
trum. The total pressure was 2.7-5.3 mbar. From addi-

J. Phys. Chem. Ref. Data, Vol. 29, No. 2, 2000

Pulsed laser photolysis of ZiICO-M(M=N,, CO, Ar

and CQ) mixtures at 355 nm. The total pressure was
19-267 mbar. By second- and third-law analyses of the
temperature dependence of the equilibrium constant, a
value of AH°(298K)=—(32.22.5) kJmol'! was
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derived. The relative collision efficiencies were Comments on Preferred Values
BACO,): BL(COIN,): B(Ar) =3.2:1.0:0.8. The recommended rate coefficients are based on the mea-
surements of Nicovictet al? At room temperature the pre-
ferred value is a factor of two greater than that determined by
Preferred Values Clark et al?

ko=1.3x 10 33(T/300) 38[N,]cm*molecule 's! over

the temperature range 180-300 K.
References

. . 1
Rellablllty T. C. Clark, M. A. A. Clyne, and D. H. Stedman, Trans. Faraday $ac.

3354(1966.
Alogk,==0.3 at 298 K. 23, M. Nicovich, K. D. Kreutter, and P. H. Wine, J. Chem. PI§2. 3539
An==*1. (1990.

CICO+M—CI+CO+M

AH°=32.6 kJmol™*

Low-pressure rate coefficients

Rate coefficient data

Kols™t Temp./K Reference Technigue/Comments
Absolute Rate Coefficients
4.1X 10" Yexg —(2960+ 160)/T] [N,] 185-260 Nicovich, Kreutter, and Wine, 1990 PLP-RF(a)
Comments Reliability

A logky==*0.4 at 298 K.

(@ Pulsed laser photolysis of ZICO—M(M=N,, CO, Ar A(E/R) = = 200 K.

and CQ) mixtures at 355 nm. The total pressure was
19-267 mbar. By second- and third-law analyses of the
temperature dependence of the equilibrium constant, §omments on Preferred Values

value of AH°(298 K)=(32.2+2.5) kimol'* was de- The preferred rate coefficients are based on the study of
rived. The relative collision efficiencies wega(CO,):  Nicovich et al*

B(COIN,): B(Ar) =3.2:1.0:0.8.

Preferred Values
References
ko=2.0x10 [N, s ! at 298 K.

ko=4.1x 10" "%xp(~2960T)[N,] s~* over the tempera- 13 w1 Nicovich, K. D. Kreutter, and P. H. Wine, J. Chem. P§&, 3539
ture range 180-300 K. (1990.

J. Phys. Chem. Ref. Data, Vol. 29, No. 2, 2000
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AH°=—162.4 kJmol*

Rate coefficient data

k/cm?® molecule *st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
3.08< 10 Mexd —(290+ 25)/T] 220-350 Watsoret al, 1976 FP-RF
(1.20+0.10)x 10" % 298
2.17x 10 Yexd —(171+30)/T] 205-366 Zahniser, Kaufman, and Anderson, 976 DF-RF (a)
(1.23+0.25)x 10" 11 298
2.72x 10" Mexy —(298+39)/T] 213-298 Kurylo and Braun, 1976 FP-RF(a)
(1.02+0.15)x 10" 1 298
5.18< 10 Mexy —(418+28)/T] 221-629 Clyne and Nip, 1976 DF-RF
(1.33+0.26)x 10" 1! 298
(1.3+0.3)x10°* 295 Leu and DeMore, 1976 DF-MS (b)
(1.3+0.2)x10° ¢ 298 Toohey, Brune, and Anderson, 1888 DF-RF
2.49x 10" Mexd —(233+46)/T] 269-385 Nicovich, Kreutter, and Wine, 1990 PLP-RF(c)
1.19x 10~ Yexy —(33+37)/T] 189-269
(1.14+0.17)x 10" 11 298
1.59x 10~ Ytex —(87+57)/T] 206-296 Seeley, Jayne, and Molina, 1996 DF-RF (d)
(1.21+0.13)x 10" 1* 295
Relative Rate Coefficients
1.17x10° 1 197 DeMore, 1991 (e
1.24x 101 217
Comments Comments on Preferred Values

The majority of the rate coefficients for this reaction have
been obtained at temperatures at and below 298 K, and our
evaluation is restricted to that temperature regime. The pre-
ferred value ok at 298 K is the mean of the absolute room
qemperature rate coefficients of Watsetal,® Zahniser
etal,? Kurylo and Braur® Clyne and Nig* Leu and
DeMore; Tooheyet al.° Nicovichet al,” and Seelegt al.®

(@ The A factors tabulated are-8% lower than those
originally reported due to a revision of the value used
for the O; absorption cross sections.

(b) Discharge flow system with MS detection of.0

(c) A change in slope of the Arrhenius plot was observe
at ~270K. The data were fitted to two separate
Arrhenius expressions over the temperature range

189-269 K and 269—385 K. all of which are in excellent agreement. The preferred
(d) Turbulent flow conditions were used with total pres- Arrhenius expression is a least-squares fit to all of the data at
sures in the range 66—330 mbar. and below 298 K from the studies of Watsenal.,! Zahniser

(@ Competitive chlorination of @-CH, mixtures. Cl at- etal,” Kurylo and Braur, Clyne and Nip; Leu and

oms were produced by the photolysis of,@ 300— DeMore; Tooheyet al,® Nicovichet al,” Seeleyet al.’ and

400 nm. The measured rate coefficient ratiosDeMore? with the pre-exponential factor being adjusted to

k(CI+0,)/k(CI+CH,) are placed on an absolute basis fit the value ofk at 298 K.

using a rate coefficient of k(Cl+CH,)=6.6 Nicovich et al.” observed non-Arrhenius behavior in the

X 10~ 2exp(~12401) cm®molecule 1s 2.1 temperature range studi€¢ti89—385 K. The data of Nicov-
ich et al.” are in excellent agreement with the present recom-
mendation above-250 K; at lower temperatures their data
are higher than the recommendation although still within the
stated uncertainty down te 220 K.

Preferred Values Vanderzanden and Birkshave interpreted their observa-

k=1.2x10 “emPmolecule 1s ! at 298 K. tion of oxygen atoms in this system as evidence for some
k=2.9x 10~ Hexp(—260/T) cr® molecule 's ! over the production (0.1%—-0.5% of 02(129) in this reaction. The
temperature range 200—300 K. possible production of singlet molecular oxygen in this reac-

tion has also been discussed by DeM8ir connection with
the Cl, photosensitized decomposition of ozone. However,

Reliability Choo and Letf were unable to detect %) or O,(*A) in
A logk=*+0.06 at 298 K. the CHO3; system and set upper limits to the branching ra-
A(E/R)=*100K. tios for their production of %X 10™* and 2.5< 102, respec-

J. Phys. Chem. Ref. Data, Vol. 29, No. 2, 2000
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tively. A recent crossed molecular beam sttfdgiso found ~ 2m. S. zanhniser, F. Kaufman, and J. G. Anderson, Chem. Phys. 32tt.
no evidence for the production of electronically exciteg O  226(1976.

Choo and Let? suggested two possible mechanisms for thej'\"- J. Kurylo and W. Braun, Chem. Phys. Le87, 232(1976.
observed production of oxygen atoms, involving reactions of M: A A- Clyne and W.'S. Nip, J. Chem. Soc. Faraday Trang22838

oo . : . X (1976.
V|brat|o_nally excited CIO radllgals with Oor with Cl atoms, SM.-T. Leu and W. B. DeMore, Chem. Phys. Lettl, 121(1976.
respectively. Burkholdeet al:

ina StUdy of infrared line 5D. W. Toohey, W. Brune, and J. G. Anderson, Int. J. Chem. K2@t131
intensities of the CIlO radical present evidence in support of (198g.

the second mechanism. In their experiments with excess ClJ. M. Nicovich, K. D. Kreutter, and P. H. Wine, Int. J. Chem. Kir22,
atoms, the vibrationally excited CIO radicals produced in the 399(1990.

Cl+0; reaction can react with Cl atoms to give,Gind ~ °J: V- Seeley, J. T. Jayne, and M. J. Molina, J. Phys. CIt:08, 4019
oxygen atoms which can then remove additional CIO (1996.

9
. 15 . - W. B. DeMore, J. Geophys. Re86, 4995(1997).
radicals!® These authorsS point out the possibility for sys- 10]UPAC, Supplement VI, 1999see references in Introductipn

tematic error from assuming a 11 StO'Ch'Ometry ﬂﬁiO] : 113. W. Vanderzanden and J. W. Birks, Chem. Phys. 188t.109 (1982.
[Oz]p when using the CHO; reaction as a quantitative 12w, g, DeMore, presented at 182nd National Meeting, American Chemical
source of ClO radicals for kinetic and spectroscopic studies. Society, New York, August, 1981.
K. Y. Choo and M.-T. Leu, J. Phys. Cher®9, 4832(1985.
References 143, Zhang and Y. T. Lee, J. Phys. Chem181, 6485(1997.
153, B. Burkholder, P. D. Hammer, C. J. Howard, and A. Goldman, J. Geo-

hys. Res94, 2225(1989.
!R. T. Watson, G. Machado, S. Fischer, and D. D. Davis, J. Chem. Phys. Py (1989

65, 2126(1976.

Cl+HONO,—HCI+NO,

AH°=—-4.8kJ mol™*

Rate coefficient data

k/cm® molecule * st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
<5x10716 293 Zagogianni, Mellouki, and Poulet, 1987 DF-EPR
<2.0x10°16 298-400 Wine, Wells, and Nicovich, 1988 PLP-AS/RF(a)
Comments Comments on Preferred Values

. . The preferred upper limit to the rate coefficient is that
(@ Pulsed Iaser_ photolysis of QHNO3 mlxture_zs at 351. obtainet)j by Wineelil?sll.2 which receives support from the
Ir;nr:' _N%hrag;)csagrczgﬁenStraété(t)lgssc\:\éere mé;”'?gﬁ%:g”? slightly higher value obtained by Zagogiaretial! Values
9-p P P! Py P nfrom earlier studies® are well above the preferred upper
which CI atom concentrations were measured by resos

: limit to the rate coefficienk.
nance fluorescence were also carried out, but were less

sensitive and resulted in higher upper limits to the rate References

coefficientk. N . . . .
H. Zagogianni, A. Mellouki, and G. Poulet, C. R. Acad. Sci., Series 2, 573

(1987).
2p. H. Wine, J. R. Wells, and J. M. Nicovich, J. Phys. Ch@®. 2223
(1988.
3M. J. Kurylo, J. L. Murphy, and G. L. Knable, Chem. Phys. Léd, 281
Preferred Values (1983.
4R. H. Clark, D. Husain, and J. Y. Jezequel, J. Photochk8n39 (1982.
k<2x10 % cm*molecule *s! at 298 K. 5M.-T. Leu and W. B. DeMore, Chem. Phys. Ledtl, 121 (1976.
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Cl+NO;—CIO+NO,

AH°=-60.2 kJ mol™*

Rate coefficient data

k/cm?® molecule *st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(2.6+0.5)x1071* 298 Mellouki, Le Bras, and Poulet, 1987 DF-EPR/MS
(2.26+0.17)x10 % 298 Beckeret al, 1997 DF-MS
Preferred Values ment among these earlier studieds not good and probably

arises from complications in the chemistry of the systems

used. This radical—-radical reaction is expected to have a neg-
ligible temperature dependence, which is consistent with the
results of Coxet al® over the temperature range 278—338 K.

k=2.4x10 cm®molecule 's™!, independent of tem-
perature over the range 200—300 K.

Reliability
A logk=*+0.2 at 298 K. References
A(E/R)= *400K.
IA. Mellouki, G. Le Bras, and G. Poulet, J. Phys. Ché@t.5760(1987.

f d | 2E. Becker, U. Wille, M. M. Rahman, and R. N. Schindler, Ber. Bunsenges.
Comments on Preferred Values Phys. Chemgs, 1173(1991.

The preferred value at room temperature is based on thér. A. Cox, R. A. Barton, E. Ljungstrom, and D. W. Stocker, Chem. Phys.
studies of Melloukiet al! and Beckeret al? The results of ,Lett. 108 228(1984.
these direct absolute rate studies are preferred over those ofigégu”ows' G.S.Tyndall, and G. K. Moortgat, J. Phys. Ct&gn4848
earlier relative rate studi€s; in which NO, was monitored  sg_a Cox, M. Fowles, D. Moulton, and R. P. Wayne, J. Phys. CHen.

in the photolysis of G-CIONO,—N, mixtures. The agree-  3361(1987.

ClI+0OCIOo—CIO+CIO

AH°=—13.6 kJmol™*

Rate coefficient data

k/cm® molecule * st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
>8.3x0" 18 298 Clyne and Coxon, 1968 DF-UVA
(8.5+1.2)x 10712 ~298 Basco and Dogra, 1971 FP-UVA
(5.9+0.9)x10"* 298-588 Bemand, Clyne, and Watson, 1973 DF-RF/MS (a)
3.0x10 M exp(174T) 229-428 Toohey, 1988 DF-RF (b)
(5.44+0.09)x 10" 298
Relative Rate Coefficients
3.7X10 exd —(3020+ 101)/T] 338-365 Gritsan, Panfilov, and Sukhanow, 1975 (c)
Comments and 428 K, (4.46:0.17)x10 . A unit-weighted

least-squares analysis of these data, using the Arrhen-

a) Discharge flow system with resonance fluorescence de- . .
@ g y ius expression, leads tdk=3.0x10 texp(174T)

tection of Cl atom decay in excess OCIO and MS mea- P

surement of OCIO decay in excess Cl. e’ molecule *s . . )
(b) The measured rate coefficients (bmolecule™s™) (c) Thermal decomposition of OCIO. Complex chemical

were: 229 K, (6.280.21)x10° % 247 K, (6.12 system.

+0.20)x10 % 268 K, (5.6-0.30)x10 1% 298 K,

(5.44+0.09)x10 % 367 K, (4.84:0.24)x10 %

J. Phys. Chem. Ref. Data, Vol. 29, No. 2, 2000
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Preferred Values

k=5.7x0"cm®molecule ts ™! at 298 K.
k=3.2x10 exp(170T) cm®molecule *s™! over the
temperature range 220-430 K.

Reliability
Alogk==*0.1 at 298 K.
A(E/R)==*=200K.

Comments on Preferred Values
The data of Toohéyagree well with the earlier study of

of Bemandet al2 and Toohey, and the temperature depen-
dence of TooheYis accepted but with error limits covering
the possibility thak is independent of temperature. The ear-
lier data of Clyne and Coxdnand Basco and Dogtfaare
rejected following the recommendation of Bemagtcal 3

References

IM. A. A. Clyne and J. A. Coxon, Proc. Roy. Sad.ondon A 303 207
(1968.

2N. Basco and S. K. Dogra, Proc. Roy. S@icondon A 323 417 (1971).

3p. P. Bemand, M. A. A. Clyne, and R. T. Watson, J. Chem. Soc. Faraday
Trans. 169, 1356(1973.

Bemandet al3 at 298 K, but show a small negative tempera- “D. W. Toohey, “Kinetic and Mechanistic Studies of Reactions of Bro-

ture dependence over a similar temperature range to that ove

which Bemandet al® saw little change irk. The preferred

pine and Chlorine Species Important in the Earth’s Stratosphere,” Ph.D.
thesis, Harvard University, Cambridge, MA, 1988.
SV. I. Gritsan, V. N. Panfilov, and I. L. Sukhanov, Reaction Kinetics Ca-

value is the average of the 298 K values from the two studies talysis Lett.2, 265(1975.

Cl+Cl,0—Cl,+CIO

AH°=—-96.9 kImol™*

Rate coefficient data

k/cm® molecule tst Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(9.33+0.54)x 10" ¢ 298 Ray, Keyser, and Watson, 1980 DF-MS
(1.03+0.08)x 10710 298 Ray, Keyser, and Watson, 1980 DF-RF
6.0 10 M exd (127+30)T] 233-373 Stevens and Anderson, 1992 DF-RF
(9.1+0.4)x10" 11 298

Preferred Values

k=9.6x10 **cm*molecule *s ! at 298 K.
k=6.2x10 texp(130T) cm*molecule st over the
temperature range 230-380 K.

Reliability
Alogk==*0.1 at 298 K.
A(E/R)=*=130K.

Comments on Preferred Values

The preferred room temperature value is the mean of the

value reported by Stevens and Andersand the values ob-

niques. This value is confirmed by the relative rate study of
Burrows and Cox.The much lower value reported earlier by
Basco and Dogfahas been rejected. The recommended tem-
perature dependence is from Stevens and Andérddrere

is apparently no pressure dependence over the range 1
mbar—1bar3

References

1G. W. Ray, L. F. Keyser, and R. T. Watson, J. Phys. Ché/.1674
(1980.

2p. S. Stevens and J. G. Anderson, J. Phys. CI86m1708(1992.

J. P. Burrows and R. A. Cox, J. Chem. Soc. Faraday Tra&, 2465
(1981).

tained by Rayet al® using two completely independent tech- #N. Basco and S. K. Dogra, Proc. Roy. Soc. Londo828 401 (1971).
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ATKINSON ET AL.

AH°=—151.4 kJmol™*

Rate coefficient data

k/cm?® molecule *st Temp./K Reference Technique/Comments
Relative Rate Coefficients
(1.00+0.02)x 10" 10 233 Cox and Hayman, 1988 (@
Comments Reliability
==+
(@) Static photolysis of G-CL,O—N, mixtures at 350 nm. A logk==0.3 at 298 K.

k=1.0x10 °cm®molecule 's™?, independent of tem-

The time dependence dfCl,0,] and [Cl,O] were A(B/R)==300K.

monitored by photodiode array UV spectroscopy,

yielding k(CI+Cl,0)/2k=0.54+0.01 at 233 K. This Comments on Preferred Values

rate coefficient ratio is placed on an absolute basis by The preferred values are based on the relative rate study of

use of a rate coefficient ofk(Cl+Cl,0)=1.08 Cox and Hayman,which is supported by the unpublished

x 10" ©cmPmolecule ts~! at 233 K(this evaluation ~ rate coefficient of Friedl of (1.0£0.4)x10 *°cm?
molecule *s ! at 298 K. The agreement of the room tem-
perature value and that at 233 K along with the high value of
k precludes a significant temperature dependence.

Preferred Values References

!R. A. Cox and G. D. Hayman, Natu@82, 796 (1988.

perature over the range 230-300 K. 2R. R. Friedl(unpublished data, 1991

AH°=—70.5kJmol*

Rate coefficient data

k/cm® molecule *st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
6.3X 10" 12 exp(150T) 219-298 Margitan, 1983 FP-RF(a)
(1.04+0.04)x 10 1 298
7.3xX10 2 exp(165T) 220-296 Kurylo, Knable, and Murphy, 1983 FP-RF(b)
(1.20+0.24)x 10" 11 296
6.0X 10" 2 exf (140+30)/T] 195-354 Yokelsoret al, 1995 PLP-RF/
(9.6+1.0)x10°*? 298 TDLS (c)
(9.1+1.2)x10°*? 298 Tyndallet al, 1997 PLP-RF
Comments Preferred Values
(@ The Q%P) atom abstraction channel to give k=1.0x10 “cmemoleculels ! at 298 K.

(b)
(©

CIO+CIONO was shown to be unimportant based on  k=6.5x 10" 2exp(135T) cm®molecule st over the
results of experiments with added NO, in which Cl wastemperature range 190-360 K.

not regenerated by the fast reaction GIRNO—CI
+NO..

Supersedes earlier results from the same laboratory.
Decay of Cl atoms measured by RF and formation of
NO; radicals measured by TDLS.

Reliability
A logk==*=0.10 at 298 K.
A(E/R)==*=50K.
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Comments on Preferred Values

References

The recommended Arrhenius equation is derived from the
results of Margitahand Yokelsonet al,® which are in ex-
cellent agreement. The data of Kuryl al? and Tyndall 3. J. Margitan, J. Phys. Che®7, 674 (1983.
etal* also fall within the recommended error limits. M. J. Kurylo, G. L. Knable, and J. L. Murphy, Chem. Phys. L&8, 9
Margitart has shown that the reaction proceeds by Cl-atom (1983.

abstraction rather than by O-atom abstraction and this was

SR. J. Yokelson, J. B. Burkholder, L. Goldfarb, R. W. Fox, M. K. Gilles,
and A. R. Ravishankara, J. Phys. Che38, 13976(1995.

confirmed by Yokelsot al. who found that at 298 K more 4G. S. Tyndall, C. S. Kegley-Owen, J. J. Orlando, and J. G. Calvert, J.

than 95% of the reaction formed £ind NG.

AH°=4 kJ mol™*

Chem. Soc. Faraday Trar@3, 2675(1997.

HO+Cl,—HOCI+Cl

Rate coefficient data

k/cm® molecule st Temp./K Reference Technique/Comments
Absolute Rate Coefficients

(5.5+0.3)x10 298 Leu and Lin, 1979 DF-RF

~7.4x10 1 298 Ravishankara, Eisele, and Wine, 1983 DF-RF

(6.70+0.72)x 10" 4 298+3 Loewenstein and Anderson, 1984 DF-RF

1.7x 10 P exd —(911+ 373)/T] 253-333 Boodaghianst al, 1987 DF-RF

(6.8+1.0)x10™ 14 293

3.77x 10 P exd —(1228+ 140)/T] 231-354 Gilles, Burkholder, and Ravishankara, £999 PLP-LIF

(5.95+0.75)x 10" 4 298

Preferred Values

k=6.5x 10" “cm®molecule 's™! at 298 K.

k=3.6x10 *?exp(—1200m) cn’ molecule 1's~

temperature range 230-360 K.

Reliability
Alogk=+0.08 at 298 K.
A(E/R)=*=300K.

Comments on Preferred Values

1 over the

and more extensive study conducted, the temperature depen-
dence is that reported by Gillest al® with the pre-
exponential factoA being adjusted to fit the preferred 298 K
rate coefficient. Loewenstein and Ander$oletermined that

the exclusive products are HOECI.

References

IM. T. Leu and C. L. Lin, Geophys. Res. Le&, 425(1979.
2A. R. Ravishankara, F. L. Eisele, and P. H. Wine, J. Chem. Pi8/4.140
(1983.

The preferred values are based on the data of Loewensteift- M. Loewenstein and J. G. Anderson, J. Phys. Che&n6277(1984.
! .
and Andersoﬁ,Boodaghianset al.,4 and Gilleset al.,5 which R. B. Boodaghians, I. W. Hall, and R. P. Wayne, J. Chem. Soc. Faraday

Trans. 283, 529(1987).

are ir_" QOOd agreement Conce_ming the room temperature rat@y. k. gilles, J. B. Burkholder, and A. R. Ravishankara, Int. J. Chem.
coefficient. Because of the wider temperature range coveredkinet. 31, 417 (1999.

J. Phys. Chem. Ref. Data, Vol. 29, No. 2, 2000



206

AH°=—67.5kJmol*

ATKINSON ET AL.

HO+HCI—H,0+Cl

Rate coefficient data

k/cm® molecule tst Temp./K Reference Technique/Comments
Absolute Rate Coefficients

(6.4+0.7)x10713 295 Takacs and Glass, 1973 DF-EPR
AX 10 “exd — as — mith an eliner, -

4.1x10 12 529+24)/T 220-480 Smith and Zell 1974 FP-RA

(6.9+1)x10™ = 298

2.0x 10 2exd —(312+ 10)/T] 224440 Zahniser, Kaufman, and Anderson, £974 DF-RF

(6.7+0.4)x10° = 297

(6.6+1.7)x10713 293 Hack, Mex, and Wagner, 1977 DF-EPR(a)
3X 10 “exg— — avishankart al., -

3.3x10 12 472+ 40)/T 250-402 Ravishank I, 1977 FP-RF

(6.6+0.4)x10° 1 298

(6.66+0.52)x 10713 300 Husain, Plane, and Slater, 1881 FP-RF

(6.8+0.25)x 10 3 298+4 Cannon, Robertshaw, and Smith, 1984 FP-LIF

2.1x 10 2 exd —(285+ 40)/T] 258-334 Keyser, 1984 DF-RF

(7.9+0.4)x10 = 295+2

4.6x10 2exd —(500+60)/T] 240-295 Molina, Molina, and Smith, 1984 PLP/FP-RF

(8.5+1.5)x107 13 295

2.94x 10" P exy —(446+32)/T] 300-700 Husain, Plane, and Xiang, 1884 FP-RF

(6.7+0.46)x 10 %2 300

2.4x10 2exd —(327+ 28)/T] 240-363 Ravishankart al, 19851 FP-RF/

(8.01+0.44)x 10713 298 PLP-RF/PLP-LIF(b)

(7.8£0.3)x10° 13 298 Sharkey and Smith, 1993 PLP-LIF
5.4+0.25)x10 1 216

Es.est 0.45;>< 10713 178

(5.2+0.3)x10713 138

3.28< 10717 T166exp(184T) 200-400 Battin-Lecleret al, 19993 PLP-LIF (c)

(7.96+0.60)x 10" *° 298

Comments

(@ Rate coefficients also measured at 435 and 567 K, of

8.1x10° 1% and 1.25¢10 ¥cm*molecule’ts™, re-

spectively.

(b) Rate coefficients measured over the temperature randeomments on Preferred Values

Reliability
A logk=%x0.06 at 298 K.
A(E/R)=*100K.

240-1055 K. Arrhenius plot of rate coefficient data The studies of Keysét,Molina etal,’ Ravishankara

over this extended temperature range is curved, wittet al,"* and Battin-Lecleret al,** which paid careful atten-
tion to the HCI present in the experiments, all show room

k=4.5x10 1 T1®exp(112T) cm®*molecule s 1.,

(c) Over the limited temperature range 200-298 K, thetemperature values higher by about 20%-25% than most
data were also fit to the Arrhenius expression, with other Studieé._7'10 Ravishankaraet al.ll showed that HCI

=1.7x 10 *ex{ —(225+20)/T] cm*molecule s~ *

tor in the Arrhenius

expression

losses can be a problem, leading to erroneously low mea-
(note that the publicatidd gives a pre-exponential fac- sured rate coefficients, and this is a plausible cause of these
of 1.7 discrepancies. The rate coefficients obtained in the recent

x 10 “cmPmolecule 's™). Rate coefficients were and extensive study of Battin-Lecleet al'® are in good
also measured for the reactions of the HO radical with@greement with the data of Key$eMolina et al.” and Rav-

DCI (252—387 K and for the reactions of the DO radi- ishankaraet a

cal with HCI (213-372 K and DCI(213-401 K.

Ill

However, the rate coefficients measured by

Battin-Leclerc et al!® at temperatures<240K lead to a

k=8.0x10 ¥cm®molecule 's ! at 298 K.
k=1.8x 10 ?exp(—240/T) cn® molecule 1s! over the
temperature range 200—-300 K.

curved Arrhenius plot, in agreement with the previous study
of Ravishankaraet al!* which extended to 1055 K and
which also observed non-Arrhenius behavior. The preferred
temperature-dependent expression for the range 200—-300 K
is obtained by a linear least-squares fit to 88899 K data

from the studies of KeysérMolina et al,’ Ravishankara

et al,'* and Battin-Lecler@t al'® Over more extended tem-
perature ranges the three parameter expression obtained by
Battin-Leclercet al® should be used. Results of the low

Preferred Values
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EVALUATED KINETIC AND PHOTOCHEMICAL DATA 207

temperature study of Sharkey and Srifitare in good agree-  ©D. Husain, J. M. C. Plane, and N. K. H. Slater, J. Chem. Soc. Faraday
ment with the recommended Arrhenius expression down to7TranS~ 277, 1949(1981). _ N

216 K, but are(as expected due to the non-Arrhenius behay- B: D- €annon, J. S. Robertshaw, I. W. M. Smith, and M. D. Williams,

. ianificantly higher at 178 and 138 K. Chem. Phys. Lettl05 380(1984); I. W. M. Smith and M. D. Williams,

|or) signi y hig J. Chem. Soc. Faraday Trans82 1043(1986.

8L. F. Keyser, J. Phys. CherB8, 4750(1984.

References °M. J. Molina, L. T. Molina, and C. A. Smith, Int. J. Chem. Kiné8, 1151
(1984.
1G. A. Takacs and G. P. Glass, J. Phys. Ch@i.1948(1973 10D, Husain, J. M. C. Plane, and C. C. Xiang, J. Chem. Soc. Faraday Trans.
2|, W. M. Smith and R. Zeliner, J. Chem. Soc. Faraday Trarg0,21045 2 80, 713(1984. _
(1974 A. R. Ravishankara, P. H. Wine, J. R. Wells, and R. L. Thompson, Int. J.
3M. S. zahniser, F. Kaufman, and J. G. Anderson, Chem. Phys. 2&tt. Chem. Kinet.17, 1281(1985.
507 (1974. 12p_ Sharkey and I. W. M. Smith, J. Chem. Soc. Faraday Tra8s631
4W. Hack, G. Mex, and H. Gg. Wagner, Ber. Bunsenges. Phys. Cagm.  (1993.
677(1977. 13F, Battin-Leclerc, I. K. Kim, R. K. Talukdar, R. W. Portmann, A. R.
5A. R. Ravishankara, G. Smith, R. T. Watson, and D. D. Davis, J. Phys. Ravishankara, R. Steckler, and D. Brown, J. Phys. Chem03 3237
Chem.81, 2220(1977. (1999.

HO+HOCI—H,0+CIO

AH°=—101.5kJmol™*

Rate coefficient data

k/cm® moleculets™* Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(1.7-9.5)x 103 298 Ennis and Birks, 1988 DF-RF/MS (a)
Comments Reliability

(@ HO radical decays in the presence of excess HOCI Alogk==0.5 at 298 K.

were monitored by resonance fluorescence. HOCI con-

centrations were measured by MS. The effects of th&€omments on Preferred Values

presence of GD and C} impurities in the HOCI and The only reported experimental vafueas a large uncer-
the occurrence of secondary reactions were investitainty, and the preferred value is based on the mid-range
gated through computer modeling, and the lower and/alue of 5<10™ **cm®molecule*s™* at 298 K from this
upper limits to the rate coefficieit cited in the table  study.

obtained.

Preferred Values References

k=5.0x 10" ¥ cm®molecule st at 298 K. 1C. A. Ennis and J. W. Birks, J. Phys. Che@®, 1119(1988.
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208 ATKINSON ET AL.

HO+CIO—HO,+Cl (1)

—HCI+0, (2)

AH°(1)=—-5.0kdmol !
AH°(2)=-233.2 kJmol™*

Rate coefficient data (k=k,+k,)

k/cm® molecule st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(9.1+1.3)x10°*? 298 Leu and Lin, 1979 DF-RF
(1.17+0.33)x 10" 1! 248-335 Ravishankara, Eisele, and Wine, 7983 DF-RF
(1.19+0.09)x 10" 1 243-298 Burrows, Wallington, and Wayne, 1884 DF-RF (a)
8.0X 10" 2 ex (235+ 46)/T] 219-373 Hills and Howard, 1984 DF-LMR (b)
(1.75-0.31)x 10 1 298
(1.94+0.38)x 10" 1! 298 Poulet, Laverdet, and Le Bras, 1986 DF-LIF (c)
5.5x 10 2 exqd (292+ 72)/T] 205-298 Lipsoret al,, 1997 DF-CIMS
(1.46+0.23)x 10" % 298
k,=1.7x10 2 exd(363+ 50)/T] 210-298 Lipsoret al, 1997 DF-CIMS (d)
k,=5.7x10 % 298
8.9x 10" 2 exf (295+ 95)/T] 234-356 Kegley-Oweet al, 1999 DF (e)
(2.44+0.63)x10 1 298
k,=3.2x 10" R ex{d(325+60)/T] 207-298 Lipsoret al, 199¢ F-CIMS (f)
k,=(9.5+1.6)x 10 3 298
Branching Ratios
k, /k=0.05+0.02 298 Lipsoret al, 1997 DF-CIMS (g)
k, /k=0.06+0.02 210
Comments derive the branching ratik, /k=0.07+0.03, indepen-

dent of temperaturé207—-298 K and total pressure
(125-270 mbar
From the rate coefficients, andk for the DO radical

(@ Rate coefficient ratio ok, /k=0.85+0.07, indepen-
dent of temperature over the range 243-298 K, Wa? )
determined from measurement of kl€@dical concen- 9

trations (after conversion to HO radicals by reaction reaction.
with NO).
(b) The rate coefficient ratiok; /k, was measured to be Preferred Values
k,/k=0.86+-0.14 at 293 K from measurement of the
HO, radical concentrations by LMR. k=1.9x10 cm’molecule ls ™t at 298 K.
(c) The rate coefficient ratiok,/k, was measured to be ~ k=7.7xX10"*?exp(270T) cm®molecule *'s™! over the
0.98+0.12 at 298 K from MS detection of HCI. temperature range 200-380 K.

(d) Measurements of the DCI product by CIMS in experi- k,/k=0.07, independent of temperature over the range
ments using DO radicals. The overall rate coefficient200—300 K.
measured for reaction of DO radicals with CIO radicals
was k=4.2<10 *?exd (280 114)/T] cn’® mole- o
culets™! over the temperature range 200—298 K, aReliability
factor of 1.35-1.4 lower than the rate coefficient for A 10gk==0.2 at 298 K.
the HO radical reaction. A(E/R)=*150K.

(6 HO radicals were generated by pulsed laser photolysis A (Kz/k)==0.03 over the temperature range 200-300 K.
of O3 (or CIO) at 248 nm and monitored by LIF. CIO
radicals were generated by reaction of Cl atdm®-  Comments on Preferred Values
duced by a microwave discharge in,€EHe mixture$ The preferred 298 K rate coefficient is an average of the
with O, and monitored by UV/visible absorption. rate coefficients of Hills and HowaftlPouletet al> Lipson

(f)  Turbulent flow reactor operated at total pressures okt al.® and Kegley-Owenet al” The temperature depen-
125-270 mbar. The measurements of the rate coeffidence is an average of those obtained by Hills and Howard,
cientsk, were combined with the overall rate coeffi- Lipson etal.’ and Kegley-Owenetal,” and the pre-
cient k=5.5x10 2exp(292T) cmmolecule 's™*  exponential factorA has been adjusted to fit the preferred
previously determined by the same research dteop 298 K rate coefficient. The uncertainties reflect the differ-
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ences in the 298 K values and in the reported temperaturéJ. P. Burrows, T. J. Wallington, and R. P. Wayne, J. Chem. Soc. Faraday
coefficients. Lipsoret al® have measured directly the rate Trans. 280, 957 (1984.

coefficient for the minor channel producing H®,, and :A- J. Hills and C. J. Howard, J. Chem. Ph{, 4458(1984.
hence obtain the branching ratig/k. This measuremehof & Poulet, G. Laverdet, and G. Le Bras, J. Phys. CH#n159(1986.
J. B. Lipson, M. J. Elrod, T. W. Beiderhase, L. T. Molina, and M. J.

th_e branchm_g ratio is preferred, and is in good ggreement Molina, J. Chem. Soc. Faraday Tra, 2665(1997.

with the earlier measurement of the branching ratio for HCl 7 o Kegley-Owen, M. K. Gilles, J. B. Burkholder, and A. R. Ravishan-

formation, k, /k, based on measurement of the DCI product kara, J. Phys. Chem. A03 5040(1999.

in the study of the D@ CIO reaction by the same grofp. 8J. B. Lipson, T. W. Beiderhase, L. T. Molina, M. J. Molina, and M.
Olzmann, J. Phys. Chem. 203 6540(1999.

References

IM. T. Leu and C. L. Lin, Geophys. Res. Le@, 425(1979.
2A. R. Ravishankara, F. L. Eisele, and P. H. Wine, J. Chem. Pt§/4140
(1983.

HO+0CIO—HOCI+0, (1)
—HO,+CIO  (2)

AH°(1)=—-213kImol™*
AH°(2)=-18.7kJmol™*

Rate coefficient data (k=k,+k;)

k/cm® moleculets™t Temp./K Reference Technique/Comments
Absolute Rate Coefficients
4.50X10 Bexd(804+114)T] 293-473 Poulet, Zagogianni, and Le Bras, 1986 DF-LIF/EPR (a)
(7.2+0.5)x10 12 293
Comments Reliability

. . A logk;==*0.3 at 298 K.
(@ HOCI was observed as a reaction product, using MS, A(E/R) = + 200 K.

and its concentration determined using the B

HO+Cl,—HOCI+CI reaction as a calibration source Alki/k)==02 at 298 K.

of HOCI. Computer simulation of the reaction system

indicated that HOCI is formed primarily in the Comments on Preferred Values

HO-+OCIO reactiorchannel1)] and not as a result of The preferred values are based on the only experimental
secondary reactions of the H@dical with CIO, with ~ study of Pouletet al* using a discharge flow system with
k,/k=0.80 at room temperature. EPR and LIF detection of HO radical decay and molecular
beam mass spectrometry detection of the product HOCI. In-
dication of curvature in the Arrhenius plot dictates caution in

Preferred Values extrapolation beyond the experimental range.
k:66>< 10~ 12 Cm3 m0|eCU|671571 at 298 K. References
k=4.5x 10" 2exp(800T) cm*molecule *s™* over the
temperature range 290—-480 K. 1G. Poulet, H. Zagogianni, and G. Le Bras, Int. J. Chem. Kifg}.847
k,/k=1.0. (1986.
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210 ATKINSON ET AL.

HO+CINO,—HOCI+NO,

AH°=—-97kJmol !

Rate coefficient data

k/cm® molecule *st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(3.5+0.7)x10 298 Ganskeet al, 1991 DF-RF (a)
2.4x10" 2 exd —(1250+ 155)/T] 259-348 Gansket al, 1992 DF-RF (a)
(3.6+0.2)x10 298
Comments Comments on Preferred Values

The preferred values are based on the results of the
emperature-dependent study of Ganekal? Mass spectro-
metric measuremerit$ showed HOCI to be the sole
chlorine-containing product, with no evidence for production
of HONG, or Cl,, thereby showing that the only reaction

k=3.6x10 *cm’molecule *s™* at 298 K. pathway is that yielding HOGINO,.

k=2.4x10 *?exp(—1250m) cm® molecule *s * over the
temperature range 260—-350 K.

(@ Mass spectrometry showed HOCI to be the solet
chlorine-containing product.

Preferred Values

References
. e 1 i - i
Reliability J. A. Ganske, M. J. Ezell, H. N. Berko, and B. J. Finlayson-Pitts, Chem.
. Phys. Lett.179, 204 (1991).
Alogk==0.3 at 298 K. 2J. A. Ganske, H. N. Berko, M. J. Ezell, and B. J. Finlayson-Pitts, J. Phys.
A(E/R)=*=300K. Chem.96, 2568(1992.

HO+CIONO,—HOCI+NO; (1)
—HO,+CIONO  (2)
—HONO,+CIO (3)

AH°(1)=—66kJmol™*
AH°(2)=8 kJmol ™!
AH°(3)=—95.6 kJmol !

Rate coefficient data (k=k;+k,+k3)

k/cm® molecule tst Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(3.7+0.2)x10 = 245 Ravishankarat al, 1977 FP-RF
1.19x 10" 2 exg —(333+22)/T] 246-387 Zahniser, Chang, and Howard, 1977 DF-RF
(3.93:0.11)x10 295
Preferred Values karaet al! and Zahniseet al? are in good agreement at 245
k=4.0x 10~ BcnP molecule 1s-t at 298 K. rlf (V(\;Ilt_hln 256)')\] con_?;]denngfthe g|ﬁ|Cl|JIt|es_ aisomgted thrt1h
k=1.2x 10" 2exp(~330M) cnP molecule st over the anding Q. The preferred value is ased on the
temperature-dependent study of Zahnisaral® Neither
temperature range 240-390 K. . .
study reported any data concerning the reaction products.
Reliability
A logk==+0.2 at 298 K. References

A(E/R)= +200K.
!A. R. Ravishankara, D. D. Davis, G. Smith, G. Tesi, and J. Spencer,
Geophys. Res. Lett, 7 (1977).
Comments on Preferred Values ) ) 2M. S. Zahniser, J. S. Chang, and F. Kaufman, J. Chem. F6%s997
The results of the only two reported studies of Ravishan- (1977.
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AH°=4.8kImol !

Rate coefficient data

k/cm?® molecule *st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
<7x10718 298 Cantrellet al, 1987 (@
<5x10° Y 298 Mellouki et al, 198F DF-EPR(b)
<2.4x107Y7 298 Canosa-Mast al, 1989 DF-A (c)
Comments Preferred Values
(@ NO;radical concentrations were derived from the mea- k<5x10 " cm®molecule 's ! at 298 K.

(b)

(©

sured NQ and NOg concentrations in
N,O5—NO,—NO;—HCl—air mixtures, using the equilib-
rium constant of Graham and Johnsfoithe upper
limit to the rate coefficient cited above was derive
from computer fits of the time-concentration data for

Comments on Preferred Values
d The preferred value is the upper limit to the rate coeffi-
cient reported by Mellouket al? in a study using the dis-
reactants and products monitored by FTIR absorptiorﬁgsggi;onwrggoiégCQ; I%lfn'trzc:gﬁwahn:ﬁ Itg)/v g;#gs:_u;zns
spectrometry. et al® Canosa-Maset al® also reported Arrhenius param-
The upper limit to the rate coefficient cited above wasgters at higher temperaturésver the range 333-473)K
derived from fitting the measured upper limit to the The preferred value indicates that this reaction is not impor-
ClO radical concentratioridetermined by EPR after tant in the chemistry of the atmosphere.
conversion to Cl atomso a complex mechanism.
No reaction was observed at room temperature, leading
to the upper limit to the rate coefficient cited above. At 'C. A. Cantrell, J. A. Davidson, R. E. Shetter, B. A. Anderson, and J. G.
h_igher temperature@33—473 K, rate Co_efﬁCi?mS de- Ziall\\;lzrlltojklpgySPgur:z?géi%lYB(r;zS-lg Singer, J. P. Burrows, and G. K.
rived from fitting to a complex mechanism yielded the noortgat, J. Phys. Chens3, 8017(1989.

Arrhenius expression ok=4x 10 2exp(—3330M) 3C. E. Canosa-Mas, S. J. Smith, S. Toby, and R. P. Wayne, J. Chem. Soc.
11 Faraday Trans. 85, 709(1989.
cnrmolecule s 4R. A. Graham and H. S. Johnston, J. Phys. Ch&254(1979.

References
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212 ATKINSON ET AL.

CIO+HO,—HOCI+0, (1)

—HCI+0;  (2)

AH°(1)=—194kImol !
AH°(2)=—-65.8 kJmol™*

Rate coefficient data (k=k,+k,)

k/cm® molecule st Temp./K

Reference

Technigue/Comments

Absolute Rate Coefficients

(3.8£0.7)x1071? 298
3.3x10 M exp(-850/T) + 235-393
4.5x10 *4(T/300) 37

(6.43+0.96)x 10 12 298
(4.5+0.9)x10 12 298
(5.475)x 10712 300
(6.2+1.5)x10° 12 308

Branching Ratios

Reimann and Kaufman, 1978
Stimpfle, Perry, and Howard, 1879

Leck, Cook, and Birks, 1980
Burrows and Cox, 1981
Cattell and Cox, 1986

DF-RF
DF-LMR

DF-MS
MM-UVA
MM-UVA (a)

k, /k<0.02 298 Leck, Cook, and Birks, 1980 (b)
k,/k<0.015 298 Leu, 1980 (b)
k,/k<0.03 248
k, /k=<0.003 298 Burrows and Cox, 1981 (0
k, /k>0.95 210-300 Finkbeinest al, 1995 (d)
k, /k=0.05+0.02 210
k, /k=0.02+0.01 240
Comments Comments on Preferred Values

(@ k independent of pressure over the range 65—10091

mbar.

(b) DF-MS detection of @

(c) MM-CL detection of Q.

(d) Flow system with steady-state photolysi310—400
nm) of Cl,—H,—ClLO—-0O,—Ar mixtures at a total pres-
sure of 910 mbar. HOCI and {products were moni-
tored by matrix-isolation FTIR spectroscopy.

Preferred Values

k=5.0x 10 *2cm®molecule 1s ! at 298 K.

k=4.6x10 Pexp(710T) cm®molecule 's™* over the
temperature range 230-300 K.

k,/k<0.003 at 298 K.

Reliability
A logk==+0.15 at 298 K.
A(E/R)=*=300K.

J. Phys. Chem. Ref. Data, Vol. 29, No. 2, 2000

The data of Cattell and Cdxare in good agreement with
e earlier measuremerlts! and the absence of a pressure

dependence excludes a possible addition channel. The lowest
upper limit for HCI formation via channe2) is k,<2.0

X 10" *cms™t at 298 K? The preferred value at room tem-
perature is based on the results reported in Refs. 1-5, and the
recommended temperature dependence is calculated from the
data of Stimpfleet al2 over the restricted temperature range
235-298 K(for which the Arrhenius plot was fairly linear

References

1B. Reimann and F. Kaufman, J. Chem. Ph§8. 2925(1978.
2R. M. Stimpfle, R. A. Perry, and C. J. Howard, J. Chem. Pfiyis 5183

(1979.

3T.J. Leck, J.-E. L. Cook, and J. W. Birks, J. Chem. PR{%52364(1980.
4J. P. Burrows and R. A. Cox, J. Chem. Soc. Faraday Trar&, 2465

(1981).
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(1986.
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ClO+0;—CI00+0, (1)
—O0CIO+0, (2)

AH°(1)=—146.9 kJmol™*
AH°(2)=—148.7 kdmol !

Rate coefficient data (k=k;+k;)

k/cm® molecule ts™t Temp./K Reference Technique/Comments
Absolute Rate Coefficients

k,<1x10 18 298 DeMore, Lin, and Jaffe, 1975 DF-MS

k,<1x10° %8 298 Wongdontri-Stupeet al,, 197F (@

k,<1.3x10 Y7 233 Stevens and Anderson, 1§90 (b)

ky<1.4x10° Y 298

ky=(4.0+2.0)x 10 1° 413

Comments

(@ Flash photolysis of G-O; mixtures. Upper limit to the
rate coefficient obtained expected to really refeksc’
(b) Discharge flow system. Reaction chanf®l was fol-

lowed by monitoring CIO produced from the thermal
decomposition of the product CIOO in the presence o
O;. The product CIO was distinguished from the reac-
tant CIO through isotopic labeling.

Preferred Values

k;<1.5x10 Ycm®molecule st

k,<1x10 ¥cmPmolecule st

at 298 K.
at 298 K.

Comments on Preferred Values

The preferred upper limit fok, is based on the results of
the study of Stevens and Andersbithe preferred upper
limit for k, is based on the data of DeMot al! and
Wongdontri-Stuperet al? The upper limit of Stevens and

fAndersoﬁ at room temperature can be combined with their

measured rate coefficient at 413 K to derivig =2
x 10" 2cmPmolecule st andE, /R>3600K. Fork, one
can estimateA,=1x10 2cm®molecule st and derive
E,/R>4000K.

References

1w. B. DeMore, C. L. Lin, and S. Jaffe, presented at ACS National Meet-
ing, Philadelphia, PA, 1975.

2W. Wongdontri-Stuper, R. K. M. Jayanty, R. Simonaitis, and J. Heicklen,
J. Photochem10, 163 (1979.

3p. S. Stevens and J. G. Anderson, Geophys. Res. 12t1287(1990.

CIO+NO—CI+NO,

AH°=—37.40 kJmol™*

Rate coefficie

nt data

k/cm® molecule *st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(1.7£0.2)x10™ 11 298 Clyne and Watson, 1974 DF-MS
5.72x10 2 ex (296+ 20)/T] 227-415 Leu and DeMore, 1978 DF-MS
(1.53+0.11)x 10" ¢ 299
(1.61+0.16)x 10" * 295 Clyne and MacRobert, 1980 DF-MS
(1.72+0.2)x 10" 298 Ray and Watson, 1981 DF-MS
7.1X 10 2exd (270+50)/T] 202-393 Leeet al, 1982 DF-LMR
(1.84+0.03)x10 1 297
Preferred Values Reliability
Alogk==0.1 at 298 K.
k=1.7x10 *cm*molecule *s™* at 298 K.

k=6.2x10 2exp(295T) cm®molecule *'s™! over the
temperature range 200-420 K.

A(E/R)=+100K.
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Comments on Preferred Values References

The room temperature rate coefficients reported by Clyne
and Watsor}’Leu and DeMgré’C.Iyne and MaCRObeﬁRay IM. A. A. Clyne and R. T. Watson, J. Chem. Soc. Faraday Tran&0,1
and Watsorf,and Leeet al® are in good agreement and are 2250(1974).
~30% lower than the value reported by Zahniser and2m. T. Leu and W. B. DeMore, J. Phys. Che82, 2049(1978.
Kaufmar? from a competitive study. The preferred values are jM- A. A. Clyne and A. J. MacRobert, Int. J. Chem. Kin&®, 79 (1980.
derived from a least-squares fit to the data reported by ClyngC: V- Ray and R. T. Watson, J. Phys. Chef, 2955(1981.

k1 d DeMoré Cl d MacRobef Y.-P. Le_e, R. M. Stimpfle, R. A. Perry, J. A. Mu_cha, K. M. Evenson, D.

and Watsort,Leu and De E?r ,Clyne and MacRobertRay A. Jennings, and C. J. Howard, Int. J. Chem. Kiriet. 711(1982.
and Watsorf,and Leeet al 6M. S. Zahniser and F. Kaufman, J. Chem. P86.3673(1977.

ClO+NO,+M—CIONO,+M

AH°=—-111.9 kJmol™*

Low-pressure rate coefficients

Rate coefficient data

ko/cm® molecule* 72 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

4.3x 10" 3 exp[ (1085+86)/T][N,] 274-339 Cox and Lewis, 19%9 (@

(1.5+0.12)x 10 3 N,] 298 Molina, Molina, and Ishiwata, 1980 PLP-UVA (b)

(1.5+0.2)X 1073 N,] 298 Dasch, Sternberg, and Schindler, 1981 PLP-UVA (c)

2.8x 10 *3exp(10907)[ He] 250-387 Leeet al, 1982 DF-LMR (d)

3.5x 10 *2exp(11807)[ O,] 250-416

2.09< 10 3 N,] 297

(1.8+0.4)xX 10 3[N,] 270-295 Cox, Burrows, and Coker, 1984 (e)

(1.6+0.2)x 10734 T/300) > N,] 264-343 Handwerk and Zellner, 1984 FP-UVA (f)

(1.40+0.07)xX 1073 N,] 298 Wallington and Cox, 1986 (9)

(1.8+0.3)x 10 3(T/300) 3* [air] 213-298 Percivatt al, 1997 (h)

Comments over the pressure range 200—790 mbar. The falloff ex-
trapolation usedrF.=0.6, in agreement with earlier

(@ Modulated photolysis with UV absorption detection of
ClO radicals. The pressure range studied was 33-815
mbar. Small deviations from third-order kinetics were
observed near 1 bar.

(b) The CIO radical decay was monitored. FTIR spectros-
copy was also used to monitor the reaction products.

(c) CIO radicals were generated from,Oland monitored
at 258.2 nm. The pressure range was 27—800 mbar. ko=1.6x 10 3{T/300) 34 N,] cn® molecule *s™* over

(d) Detection of CIOK?Il3,, v=0) with an optically the temperature range 250—350 K.
pumped spectrometer. Measurements were carried out
at pressures over the range 0.8—8.8 mbar.

() Modulated photolysis of G+-CLO—NO,—N, mixtures.  Reliability
CIONG, formation was followed by diode laser spec- A logk,=+0.1 at 298 K.
troscopy. This study ruled out the formation of isomers An=+1.
other than CION@

(f) The pressure range was 23-1052 mbar, with experi-

. Comments on Preferred Values
ments being conducted at 264, 298, and 343 K. There is excellent a reemljent between the various studies
() Modulated photolysis of OCIO-NSN, mixtures 9

with detection of CIO radicals by UV absorption. of this reaction in the falloff region close to the low pressure

imit 1-8
(h)  Turbulent flow measurements at 213 and 298 K withImit
high pressure chemical ionization mass spectrometry

data.

Preferred Values
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High-pressure rate coefficients

Rate coefficient data

k./cn® molecule tst Temp./K Reference Techniqgue/Comments
Absolute Rate Coefficients
(3-6)x10 *? 298 Dasch, Sternberg, and Schindler, 1981 PLP-UVA (a)
(L.2733x10° 1 264-343 Handwerk and Zellner, 1984 FP-UVA (b)
(1.5+0.7)x 10" % T/300)"*° 213-298 Percivagt al, 1997 (c)
Comments much above 1 balk. cannot be established with certainty,

and theoretical predictions are no better than within a factor
of 2. However, if the falloff curves below 1 bar are fitted
with the given values kg, k.. andF, this uncertainty does
not influence the representation of the falloff curve in this
range. For this reason, we suggest the preferred values with
an essentially temperature-independent value.ofWe pre-

fer F.=0.5 at 298 K, and representation in the foiffg
=exp(—=T/T*) yields T* =430 K.

(@ See commentc) for ky. The extrapolation td,, is
very uncertain, and the value &f was unspecified.

(b) See commen(f) for ky. The extrapolation té&., is very
uncertain. The reported value bf was based on the-
oretical predictions. Using the reported valueskgf
andk., , andF.=0.55, 0.50, and 0.45 at 264, 298, and
343 K, respectively, falloff curves were obtained which
are in good agreement with the majority of the avail-
able data.

(c) See commenth) for k,. The falloff extrapolation was References
carried out withF.=0.6, independent of temperature.

IR. A. Cox and R. Lewis, J. Chem. Soc. Faraday Trari&5,2649(1979.

2M. J. Molina, M. T. Molina, and T. Ishiwata, J. Phys. Che&#, 3100

(1980.
_ 1 1 - SW. Dasch, K.-H. Sternberg, and R. N. Schindler, Ber. Bunsenges. Phys.
k.=1.5x10"*cm’molecule *s™, independent of tem-  cpom g5 611 (1981, g ¢ Y
perature over the range 250-350 K. 4Y.-P. Lee, R. M. Stimpfle, R. A. Perry, J. A. Mucha, K. M. Evenson, D.
A. Jennings, and C. J. Howard, Int. J. Chem. Kirfet. 711 (1982.
5R. A. Cox, J. P. Burrows, and G. B. Coker, Int. J. Chem. Kiné.445
o (1984.
Re“ablllty 6V. Handwerk and R. Zellner, Ber. Bunsenges. Phys. Cha&@).405
A logk,=*0.3 over the temperature range 250—-350 K. (1984,
7T. J. Wallington and R. A. Cox, J. Chem. Soc. Faraday Trarg2, 275
(1986.
Comments on Preferred Values 5C. J. Percival, G. D. Smith, L. T. Molina, and M. J. Molina, J. Phys.
Because there are no direct measuremenksabfpressures ~ Chem. A101, 8830(1997.

Preferred Values

ClO+NO;—CIOO+NO, (1)
—OCIO+NO, (2)

AH°(1)=—44.7kJmol™?
AH°(2)=—46.6 kJmol !

Rate coefficient data (k=k,+k;)

k/cm® molecule st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(4.0+1.6)x10 = 296 Coxet al, 1984 MM-A
1.6x 10" 2 exd —(420+ 200)/T] 278-338 Coet al, 1987 MM-A (a)
4.0x10°13 300
(5.0+1.4)x10713 210-353 Biggset al, 199% DF-A/MS (b)
(4.61+0.6)x 10 %3 300 Kukuiet al, 1994 DF-MS (c)
k,=(1.46+0.4)x10 13 300
Branching Ratios
k,/k=0.73 300 Coxet al, 1987 MM-A (a)
k, /k=0.20+0.10 297 Biggset al, 1998 DF-A/MS (b)
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(b)

(©)

ATKINSON ET AL.

Comments A(E/R)=*=400K.

Derived from computer analysis of the N@&dical and

CIO radical profiles. At 300 K,k;=(2.9=0.4) Comments on Preferred Values

x 10" BcmPmolecule s, The preferred 298 K value is based on the results of Kukui
Pseudo-first-order decay of N@ excess CIO was de- et al,* which are in agreement with the data of Ceixal'
termined by optical absorption at 662 nm, using a crossind Biggset al® The results of Coxet al? are consistent
section of 1.% 10~ cn?molecule™’. Product branch-  with those of Biggset al.® who reported that the rate coef-
ing ratios were measured with a quadrupole mass spedicient is independent of temperature over the range 210—353
trometer. The ratick,/k was determined to be 0.20 K. The two direct measurements of the branching riajitk,
+0.10 at 297 K, decreasing with decreasing temperaef 0.20+0.10 at 297 R and 0.32-0.1 at 300 K are in
ture to a value of 0.0350.05 at 216 K. agreement that channél) dominates, and the preferred
Rate coefficientk were obtained from the first-order value ofk, is based on the results of these two studiés.
NO, radical decays in the presence of excess CIO radiFrom a study of the OCIO-NgQsystem, Friedet al® con-
cals and Q. Rate coefficientk, were obtained from clude that at 220 and 298 K the major reaction channel is
the decays of CIO radicals in the presence of excesshannel1), in agreement with the conclusions of Ceixal.,”
NO; radicals, with CIOO radicals formed in channel Biggs et al,® and Kukuiet al (this latter study superseding
(1) reforming CIO radicals by the reactions the earlier study of Beckest al®).

ClIOO—CI+0, and CHNO3;—CIO+NO,. This study

supersedes the earlier study of Beckeal® from the

same laboratory. References

Preferred Values IR. A. Cox, R. A. Barton, E. Ljungstrom, and D. W. Stocker, Chem. Phys.
Lett. 108 228(1984).

k=4.6x 10" Bcmmolecule s independent of tem- 2R. A. Cox, M. Fowles, D. Moulton, and R. P. Wayne, J. Phys. Ch&m.
’ 3361(1987.
perature over the range 210-360 K. 3P. Biggs, M. H. Harwood, A. D. Parr, and R. P. Wayne, J. Phys. Chem.
k,=1.2x10 Bcm’molecule 'st at 298 K. 95, 7746(199).
4A. Kukui, T. P. W. Jungkamp, and R. N. Schindler, Ber. Bunsenges. Phys.
Chem.98, 1619(1994.
Reliability SE. Becker, U. Wille, M. M. Rahman, and R. N. Schindler, Ber. Bunsenges.
Phys. Chem95, 1173(1991).
Alogk==0.2 at 298 K. SR. R. Friedl, S. P. Sander, and Y. L. Yung, J. Phys. Chef).7490
A logk,==*0.3 at 298 K. (1992.

ClO+CIO—Cl,+0, (1)
—CI+CIO0  (2)
—CI+0CIO  (3)

AH°(1)=—203.2 kJmol ™!
AH°(2)=15.6 kJmol™*
AH°(3)=13.7 kJmol™?

Rate coefficient data (k=k;+k,+k3)

k/cm® molecule * st Temp./K Reference Technique/Comments
Absolute Rate Coefficients

k;=1.01x 10" ex —(1590+ 100)/T] 260-390 Nickolaisen, Friedl, and Sander, 1994 (a

k,=2.98x 10"t exy —(2450+ 330)/T] 260-390

ky=13.50x 10" ¥ exg —(1370+ 150)/T] 260-390
Branching Ratios

k, /k=0.39+0.06 298 Horowitz, Crowley, and Moortgat, 1994 (b)

k,/k=0.41+0.06 298

k3 /k=0.20+0.03 298

k3 /k,=0.27 exjp(220+100)/T] 285-331
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tion technique, is the most comprehensive study of this sys-
tem, covering a wide range of temperature, initial reactant
stoichiometry and pressure. These resuite preferred over
the results of earlier studies of the total bimolecular rate co-
efficient at low pressures by Clyne and co-workees dis-

Comments

(@ Flash photolysis-long pathlength UV absorption tech-
nigue. Cb—CLO mixtures were photolyzed at wave-
lengths longer than 300 nm. The UV absorption of CIO
and OCIO were monitored with an optical multichannel

analyzer. The reaction was studied over a wide rang
of temperature, pressure, and initial reactant stoichiom

etry.

(b) Cl,-sensitized continuous photolysis of ,€0D; mix-
tures in excess 9 Decay of Q and formation of OCIO
monitored by UV absorption.

Preferred Values

k;=4.8x10 ®cm’molecule 's ! at 298 K.
k,=8.0x 10 ®cm’molecule 's! at 298 K.
ky=3.5x10 ®cm’molecule 's! at 298 K.

ky=1.0x10 *exp(—1590mT) cm*molecule st  over
the temperature range 260—390 K.

k,=3.0x 10" *exp(—2450m) cm®*molecule st over
the temperature range 260-390 K.

ky=3.5x10 Bexp(—1370T) cm®*molecule st  over

the temperature range 260—-390 K.

Reliability
Alogk;=Alogk,=Alogks=+0.2 at 298 K.
A(E,/R)=A(E3/R)==300K.
A(E,/R)==*=500K.

Comments on Preferred Values

e

cussed in the reviews of Watsdnand those of other studies
feported by Cox and DerwehtHayman et al,” Simon
et al.® and Horowitzet al®

The room temperature branching ratios from the study of
Nickolaisenet al! are k; :k,:k;=0.29:0.50:0.21. Horowitz
et al? in their study of the temperature dependence of the
channel branching ratios report slightly different values of
kq:Kks:k3=0.39:0.41:0.20 at 298 K and observed distinctly
non-Arrhenius behavior fok over the temperature range
285-331 K. Their studywas carried out in excess,0O
where the quantum yield for &photosensitized decomposi-
tion (which reflects Cl atom generation in this reacjiovas
consistently lower than in excess.Nr'he mechanistic expla-
nation for this observation and for the apparent non-
Arrhenius behavior remains obscure. The bath gas effect on
@ (—0;) can be accounted for by the observed difference in
the branching ratios in the presence of@dd N,, suggesting
that O, is not involved in the CIG-CIO reaction simply as a
third-body quencher.

References

S, L. Nickolaisen, R. R. Friedl, and S. P. Sander, J. Phys. CB8n1.55
(1994).

2A. Horowitz, J. N. Crowley, and G. K. Moortgat, J. Phys. Che38,
11924(1994).

SM. A. A. Clyne, D. J. McKenney, and R. T. Watson, J. Chem. Soc.
Faraday Trans. 71, 322(1975.

The CIO+CIO reaction exhibits both bimolecular and ter- 4R 1. Watson, J. Phys. Chem. Ref. D&{a871 (1977.
molecular reaction channels. The termolecular reactionsr. T. watson, Proceedings of the NATO Advanced Study Institute on

which leads to the formation of the CIOOCI dimer, domi-

nates at higher pressufe-0.013 bar at 298 K but is not

kinetically important at temperatures abov@83 K because

Atmospheric Ozone, Report FAA-EE-80-20, FAA, Washington, DC,
1980.
SR. A. Cox and R. G. Derwent, J. Chem. Soc. Faraday Tram, 1635

(1979.

of the instability of the dimer with respect to the reverse ’G. D. Hayman, J. M. Davies, and R. A. Cox, Geophys. Res. LL8{t1347

decomposition.

The recommended values for the individual reaction chan-

nels are those from the study of Nickolaisehal® This

(1986.

8F. G. Simon, W. Schneider, G. K. Moortgat, and J. P. Burrows, J. Photo-
chem. Photobiol. A5, 1 (1990.

9A. Horowitz, D. Bauer, J. N. Crowley, and G. K. Moortgat, Geophys. Res.

study, using a flash photolysis-long pathlength UV absorp- Lett. 20, 1423(1993.
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CIO+CIO+M—Cl,0,+M

AH°=—75.7kJmol*

Low-pressure rate coefficients

Rate coefficient data

Ko /e moleculets72 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(1.8+0.5)X 10" 3%(T/300) >[N,] 194-247 Sander, Friedl, and Yung, 1989 FP-UVA(a)
(1.64+0.09)x 1034 T/300) **[N,] 200-263 Troiler, Mauldin, and Ravishankara, 1990 FP-UVA (b)
(1.32+0.08)x 1034 T/300) *4[0,] 200-263
1.22x 10" * exp{(833+34)/T] [N,] 195-390 Nickolaisen, Friedl, and Sander, 1994 FP-UVA (¢
(1.96+0.24)x 10 32[N,] 300
(1.24+0.09)X 10" %2[0,] 300
(2.5+0.4)X 10" %?[N,] 300 Bloss, 1999 FP-UVA (d)
1.7 107 %2[N,] 300 Stark, 1999 PLP-UVA (e)
1.1X 10 31[N,] 200
Comments (e) CIO radicals were generated by pulsed laser photolysis

of Cl,O between 0.1 and 1000 bar pressure of He and

(@ CIO radicals were generated from,ECILO or CL—04 i i
N,. The observed pressure dependencies differ from

mixtures. The concentrations of the bath gasgs A

oo O, were in the range of 163 conventional falloff expressions, suggesting overlap-

x 10 molecule cm®. Falloff extrapolations td, and ping contributions from the energy transfer and radical-

k.. used a value oF .=0.6. complex mechanisms, as well as diffusion control at
(b) CIO radicals were generated from,E0D; mixtures in the highest pressures. The cited rate coefficients apply

the presence of 33-800 mbar of He; ND, or Sk to a falloff fit for pressures below 1 bar usirfg,

ClO radicals and GD, were monitored by long-path =0.6.

UV absorption. Falloff curves were extrapolated with
F.=0.6. Difficulties with the simple falloff expression
(see Introductionwere encountered.
(c) Pulsed laser photolysis of £4tA>300 nm in the pres-
ence of CJO. CIO radicals were generated by the re- Preferred Values
action CHCIl,0—CIO+Cl, and monitored by UV ab-
sorption spectroscopy using either a photomultiplier for ko= 1.7x 10 33(T/300) “[N,] cm 3molecule 1s™* over
detection at 275.5 nm or an optical multichannel anathe temperature range 190—-390 K.
lyzer for detection over the wavelength range 270-280
nm. Below 250 K, the reaction was in the falloff re-

gime. From a third-law analysis, a value aH°®= Reliability
—(75.7+0.9) kJmol'! was derived. Third-body effi- Alogky==0.1 at 298 K.
ciencies for the bath gases He, Ar, LISk, and C) An=+15.

were also determined.
(d) CIO radicals were generated by the flash photolysis of

Cl,~CLO-N, mixtures and detected by UV absorp- COMMents on Preferred Values _
tion. The bath gas total pressure was varied between The preferred values are based on the studies of Sander

small discrepancies between the various studies wer@ents of Blos$and StarR agree with the preferred values
attributed to the slightly different absorption cross- within the error limits. Falloff curves below 1 bar pressure
sections used. are fitted withF.=0.6.
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High-pressure rate coefficients

Rate coefficient data

k. /cm®molecule st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(6+2)x10712 194-247 Sander, Friedl, and Yung, 1989 FP-UVA (a)
(4.8+1.3)x10°*? 200-263 Troiler, Mauldin, and Ravishankara, 1990 FP-UVA (b)
(6+2)x10 12 195-390 Nickolaisen, Friedl, and Sander, 1994 FP-UVA (c)
(5+3)x1071? 300 Bloss, 1999 FP-UVA (d)
4.5x10 12 300 Stark, 19998 PLP-UVA ()
7x10 12 200
Comments Reliability

(@ See commenta) for ko. A logk,==0.3 over the temperature range 190-390 K.

(b) See commentb) for k.

(c) See commentc) for k. Thek., value was obtained Comments on Preferred Values
from falloff data measured below 250 K. The preferred values are based on the results of the studies

(d) See commentd) for k. of Sanderet al.! Troiler et al.? and Nickolaiseret al2® The

(e) See commente) for k,. The cited rate coefficients are preferred values should only be used for pressures below 1
given for the energy-transfer mechanism only, suchPar and with the chosen value %=0.6. At higher pres-
that the falloff curves below 1 bar are fitted. Above 1 sures the combination of the energy transfer, radical-
bar pressure additional contributions from the radical-complex and diffusion controlled mechanisms lead to more
complex mechanism become increasingly importancomplicated falloff curves.
such that maximum values ofk of 45
x10 2cmPmolecule’s™ at 300 K and 8 References
X 10" 2cmPmolecule st at 200 K are reached near
200 bar, before they decrease because of diffusionats. p. sander, R. R. Friedl, and Y. L. Yung, Scie@d& 1095(1989.

control. 2M. Trolier, R. L. Mauldin Ill, and A. R. Ravishankara, J. Phys. Chéd.
4896(1990.
3S. L. Nickolaisen, R. R. Friedl, and S. P. Sander, J. Phys. CB8mi55
Preferred Values (1994. Y ™
4W. Bloss, Ph.D. thesis, University of Cambridge, Cambridge, UK, 1999.
— —12 . —3 sla-l J ' £ r OB
k.=5.4X10"“cm “molecule “s™", independent oOf sy gk Ph.D. thesis, University of @mgen, Gatingen, Germany,
temperature over the range 190-390 K. 1999.

AH°=75.7 kJ mol™*

Low-pressure rate coefficients

Rate coefficient data

kolst Temp./K Reference Technigue/Comments
Absolute Rate Coefficients

9.81x 10 "exqd —(7980* 320)/T][N,] 260-310 Nickolaisen, Friedl, and Sander, 1994 FP-UVA (8

2.30< 107 Y N,] 298
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Comments ko=1x 10" ®exp(—8000mM)[N,] s ! over the temperature

(@ Photolysis of CJ at A>300nm in the presence of fange 260-310 K.
Cl,O. CIO radicals were monitored with an optical
multichannel analyzer at 270-280 nm. The pressuréReliability
range used was 33—-400 mbar. From a third-law analy- A logk,=+0.3 at 298 K.
sis, a value ofAH°=(75.7+0.9) kJmol'! was de- A(E/R)=*+900K.

rived.
Preferred Values Comments on Preferred Values '
The preferred values are based on the results of Nick-
ko=2.2X10 ¥ N,] s ! at 298 K. olaisenet al!
High-pressure rate coefficients
Rate coefficient data
k, /st Temp./K Reference Technigue/Comments
Absolute Rate Coefficients
4.8x 10" exp(—88201) 260-310 Nickolaisen, Friedl, and Sander, 1994 FP-UVA (a)
6.7X 107 298
Comments Reliability
A logk,==*0.3.

(@ See commen(a) for k. This value is based on the rate B
coefficientk.,=6x 10" *2cm® moleculé s~ for the re- A(E/R)==500K.

verse reaction and the equilibrium const&n=1.24

X 10~ ?"exp(8820T) cn® molecule X, both from Nick- ~ Comments on Preferred Values
olaisenet al! The values of Nickolaisest al® are adopted here.

Preferred Values
References

k,=6.7<10°s ! at 298 K.
k.. =4.8X10"exp(~8820M) s™* over the temperature 1g Nickolaisen, R. R. Friedl, and S. P. Sander, J. Phys. CB8ni55

range 260-310 K. (1994.

ClIO+0CIO+M—Cl,05+M

AH°=—44kJ mol™*

Low-pressure rate coefficients

Rate coefficient data

ko /cm® molecule ! st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
2.8<10 3 N,] 226 Parret al,199¢ MM-UVA (a)
(6.2+1.0)X 1034 T/300)"*7[N,] 200-260 Burkholdeet al,199% PLP-UVA (b)
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Comments

(@ Experiments were carried out with SIOCIO—N, mix-

221

Preferred Values

ko=6.2x10"3%(T/300) *N,] cm®molecule s ! over

tures in the pressure range 6.4-39 mbar. CIO washe temperature range 200—300 K.
monitored at 277.2 nm. The reaction was apparently

close to the low pressure limit.
Pulsed laser photolysis  of
N,O—-CL—OCIO-He or CECl,—OCIO-N, at 193 nm.

(b)

mixtures of

Reliability

Alogky==*0.3 at 298 K.
An==*1.

From the first mixture, rate data were obtained while
from the second mixture equilibrium constants and the

; Comments on Preferred Values
absorpthn spectra of €; between 220 a_nd 320 nm The values of the extensive study of Burkholéerl? are
were derived. From a second-law analysis of the dat

i aadopted here. At 226 K the rate coefficient of Patral® is
together with those of Hayman and CobxAH°

in reasonable agreement with our preferred vdhral there-
=-(46.4:5.1) kJmol* and AS’=—(88.7£18.9)J fore with the data of Burkholdeet al?). Recentab initio
mol~*K~* were derived. The kinetic data were ob- calculation predict the more stable structure of,O} to be
tained from a fit of the falloff curves between 33 and CIOCI(O)O and result in a value of the enthalpy of the re-
combination reaction of 45.6 kJ mol L.

333 mbar total pressure usifg=0.6

High-pressure rate coefficients

Rate coefficient data

k. /cm®molecule st Temp./K Reference Technigue/Comments
Absolute Rate Coefficients
(2.4+1.2)x10° 11 200-260 Burkholdeet al, 199% (@

Comments

(@ See commenth) for k.
Preferred Values

k.=2.4x10 *cm’molecule 's™1, independent of tem-
perature over the range 200—-300 K.

Reliability

A logk,==*0.3 over the temperature range 200—-300 K.

Comments on Preferred Values
The preferred values are from Burkholdstral®

References
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3G. D. Hayman and R. A. Cox, Chem. Phys. Ldi55, 1 (1989.
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AH°=44kImol™*

Preferred Values

ko=2.8x10 ¥[N,]s ! at 226 K.

Reliability
Alogky==0.5 at 226 K.

AH°=—57kJmol*

ATKINSON ET AL.

Cl,03+M—CIO+0CIO+M

Low-pressure rate coefficients

No direct measurements are available.

Comments on Preferred Values

This value is calculated from the rate coefficient of the
reverse reactiorky,=2.8x 10 3[N,] cm®*molecule s at
226 K from Parretal,! and the equilibrium constark
=1.0x10 Bcm®molecule at 226 K from Hayman and

Cox?

References
1A. D. Parr, R. P. Wayne, G. D. Hayman, M. E. Jenkin, and R. A. Cox,

Geophys. Res. Letil7, 2357(1990.
2G. D. Hayman and R. A. Cox, Chem. Phys. Ldf65 1 (1989.

Rate coefficient data

k/cm® molecule *st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(1.20+0.15)x 10 *° 298 Birkset al, 1977 (@
2.3x10 2exd —(4730+630)/T] 262-298 Wongdontri-Stupeet al,197¢ (b)
3.0x10°1° 298
Comments Reliability

(@) Static system, rate coefficient determined by monitor-
ing the loss of @ in excess OCIO and also loss of

Alogk==*=0.4 at 298 K.
A(E/R)==*1000K.

OCIO in excess @ Both species were measured by
UVA; O3 at 254 nm and OCIO at 366 nm. Comments on Preferred Values

(b) The decay of OCIO in excessz@vas monitored by The preferred values are based on the results reported in
UVA at 400 nm. The reaction rate was also determinedhe study of Wongdontri-Stupeat al* Within the indicated
by the photolysis of GO, mixtures at 366 nm to uncertainty limits, the preferred values encompass the lower
produce OCIO, followed by monitoring OCIO decay in foom temperature value reported by Birdsal *

the dark.

Preferred Values

References

k=3.0X 10" ¥cm®molecule s at 298 K. 1J. W. Birks, B. Shoemaker, T. J. Leck, R. A. Borders, and L. J. Hart, J.

Chem. Phys66, 4591 (1977.

_ —12 11
k=2.1x10"*2exp(~47001) cm® molecule *s * over the 2W. Wongdontri-Stuper, R. K. M. Jayanty, R. Simonaitis, and J. Heicklen,

temperature range 260—-300 K.
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J. Photochem10, 163(1979.
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OCIO+NO—CIO+NO,

AH°=-51.0kJmol*

Rate coefficient data

k/cm?® molecule *st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(3.4+0.5)x10713 298 Bemand, Clyne, and Watson, 1473 DF-MS
Preferred Values Comments on Preferred Values
s - The preferred value is based on the only direct study of
k=3.4x10"**cn® molecule *s™* at 298 K. this reaction reported by Bemared al® In the absence of
experimental data, no recommendation is given for the tem-
Reliability perature dependence.
Alogk=*+0.3 at 298 K. References

1p. P. Bemand, M. A. A. Clyne, and R. T. Watson, J. Chem. Soc. Faraday
Trans. 169, 1356(1973.

OCIO+NO;+M—0,CIONO,+M

AH°=—75kJImol™*

Low-pressure rate coefficients

Rate coefficient data

ko /cm® molecule ! st Temp./K Referenc