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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 chemistiyd. Phys. Chem. Ref. Datd, 295 (1980; 11, 327
(1982; 13, 1259 (1984); 18, 881 (1989; 21, 1125(1992; 26, 521 (1997); 26, 1329
(1997]. The present evaluation is limited to the organic family of atmospherically im-
portant 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 Chemis-
try. Data sheets have been prepared for 171 thermal and photochemical reactions, con-
taining summaries of the available experimental data with notes giving details of the
experimental procedures. For each thermal reaction, a preferred value of the rate coeffi-
cient 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 yields of the photochemical reactions together with com-
ments on how they were selected. The data sheets are intended to provide the basic
physical chemical data needed as input for calculations which model atmospheric chem-
istry. 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.
© 1999 American Institute of Physics and American Chemical Society.
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192 ATKINSON ET AL.

Contents chemical data exist for species containing up to three carbon
1. Preface........covuiiiiii . 192 atoms.
2. Summary of Reactions and Preferred Rate Data.. 193 With the publication of Supplement V in 19§%he data
3. Guide to the Data Sheets.... . ............... 200 base had become so extensive that the Subcommittee de-
3.1. Gas-Phase Reactions. . ................ 200 cided that future supplements would be limited to dealing in
3.1.1. Thermal Reactions. . ............. 200 turn with parts of the set of over 700 gas-phase and hetero-
3.1.2. Conventions Concerning Rate geneous reactions. To this end Supplement VI was an update
Coefficients. . .................... 200 and extension of the following families of gas-phase reac-
3.1.3. Treatment of Combination and tions: Q,, HO,, NO,, and SQ. Supplement VIl continues
Dissociation Reactions. . .......... 201 this policy by updating and extending the reactions of or-
3.1.4. Photochemical Reactions. .. ...... 202 ganic species, last reviewed in Supplement V. In addition,
3.1.5. Conventions Concerning Absorption the data base of atmospherically important organic reactions
Cross Sections.... . ...........o.. .. 202 is widened in Supplement VII by the inclusion of, 6rganic
3.1.6. Assignment of Uncertainties.. .. ... 202 reactions resulting from the atmospheric oxidation of butane.
3.2. Acknowledgments .. ................... 203 Future supplements will deal withi) heterogeneous reac-
3.3. References for the Introductian.. . ....... 203 tions and(ii) halogen reactions. Since the present and future
4. Gas-Phase Reactions—Data Sheets......... 204 supplements will be much smaller than Supplement V, they
4.1. Organic SPecCies. .. .....iiiiiiin.. 204 will be published on a shorter time scale than those between
5. Appendix 1...... ... .. 391 Supplements | and V.
Following the pattern of Supplement$ ®ind VI, here we
1. Preface provide a data sheet for each of the reactions considered.

Each data sheet provides as before a preferred rate coeffi-

This paper is Supplement VIl to the original set of criti- cient, together with a statement of the assigned uncertainty
cally evaluated kinetic and photochemical rate parametermits, a comment giving the basis for the recommendation,
for atmospheric chemistry, published by the CODATA Taskand a list of the relevant references. Supplement VIl also
Group on Gas Phase Chemical Kinetics in 1980d subse- lists the data used in the selection of the Preferred Values for
quently updated by Supplement | in 1$&thd Supplement Il each reaction. This means that in Supplement VII some of
in 19842 The original evaluation and Supplements | and Ilthe earlier data, omitted during the development of Supple-
were primarily intended to furnish a kinetic data base forments |-V, have been re-entered on the data sheets. This
modeling middle atmosphere chemis{fy0—55 km altitudg change, initiated with Supplement VI, is intended to aid the

In 1985 the International Union of Pure and Applied reader in appreciating how the Preferred Values were se-
Chemistry(IUPAC) set up a group to continue and enlargelected. To the extent that this information suffices, the reader
upon the work initiated by CODATA. The Subcommittee on can use the present publication without need to refer to the
Gas Phase Kinetic Data Evaluation for Atmospheric Chemprevious publications in the series. However, it should be
istry is chaired by J. A. Kerr and is part of the Commissionemphasized that in preparing the updated data sheets, we
on Chemical Kineticgl.4) of the IUPAC Physical Chemistry have not listed all of the previous data contained in the origi-
Division. nal evaluatioh and Supplements 1-%.° Consequently for

This subcommittee produced Supplement 1l in 1889, many reactions, to obtain the complete data set and historical
Supplement IV in 1992, and Supplements V and VI in background to the preferred rate parameters, it is recom-
1997%7 in which the original data base was extended andnended that the present supplement be read in conjunction
updated to include more reactions involved in tropospheriavith its predecessors®
chemistry. Since it was not possible to cope with all of the The cutoff point for literature searching for this supple-
very large number of chemical reactions involved in tropo-ment was the end of 1997. As in our previous evaluations,
spheric chemistry, it was originally decided to limit the cov- we also include data which were available to us in preprint
erage to those organic reactions for which kinetic or photoform at that point.

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999
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2. Sumary of Reactions and Preferred Rate Data

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

Page Kogg Temp. dependence of Temp.
No. Reaction cn molecule t st Alog kygg? k/cn?® molecule ! st range/K A(E/R)/K?
Organic Reactions
204 O+CH,—products 1.2x10°1° +0.1 1.2x10° 10 290-900 +100
206 O(*D)+CH,;—~HO+CH,
—CHz0 or CH,OH+H 1.5x10 1© +0.1 1.5<10°10 200-350 +100
—HCHO+H,
207 HO+CH,—H,0+CHj, 6.4x10°%° +0.08 2.15¢10 2 exp(—17351) 240-300 +100
209 HO+C,H,+M—C,H,0H+M 5.0x10 ¥ [N,] (ko) +0.1 5x 107 3%(T/300)" *® [N,] 300-800 An==*15
No recommendation k()
(see data sheet
211 HO+C,H,+M—C,H,OH+M 7X10 2°[N,] (ko) +0.3 7X1072%(T/300) 31 [N,] 200-300 An=+2
9x10°1? (K) +0.3 9x 10 %2 200-300 An=+0.5
F.=0.48
214 HO+C,Hg—H,0+C,Hs 2.5x10 18 +0.08 7.8< 10" 2 exp(—10251T) 240-300 +100
215 HO+C3Hg+M—C3HOH+M 8X10 2"[N,] (ko) +1.0 8x1072/(T/300)" 35 [N,] 200-300 An=+1
3.0x10 % (K-.) +0.1 3.0<10 1 200-300 An==*1
F.=0.5
217 HO+CyHg—H,0+C3H, 1.10x10 *? +0.08 8.0< 10”2 exp(—590/T) 240-300 +150
219 HO+ CHyCH,CH,CHz—products 2.4x10 12 +0.10 9.0<10 2 exp(—3951T) 240-300 +200
221 HO+CO—H+CO, 1.3x10 3 (1+0.6 P/bar) +0.1 1.3x10 ' 1+ (0.6 P/bar) 200-300 Alogk==+0.2
221 HO+CO+M—HOCO+M X (300mM)*9
222 HO+HCHO—H,0+HCO 9.2x10 12 +0.10 8.6< 10712 exp(20T) 240-300 +150
223 HO+CH;CHO—H,0+CH,CO 1.6x10 +0.10 5.6< 10712 exp(310T) 240-530 +200
224 HO+C,HsCHO—products 2.0x107 ! +0.15
225 HO+ CH,CH,CH,CHO—products 2.3x107 1! +0.15 5.2 10 *2 exp(450T) 250-430 +300
226 HO+(CHO),—H,0+CHOCO 1.1x10° ¢ +0.3
227 HO+HOCH,CHO—H,0+HOCH,CO 8.0x10 12 +0.3
—H,0+HOCHCHO 2.0x10 12 +0.3
228 HO+CH;COCHO—H,0+CH,COCO 1.5x107 1 +0.2
229 HO+CHyCOCH,—H,0+CH,COCH, 1.9x10 18 +0.15 1.2x 10 12 exp(—520/T) 240-300 +200
230 HO+ CHyC(0)CH,CHy—products 1.2x10 12 +0.15 1.3x107 2 exp(—25/T) 240-300 +200
— 13
231 HO+CH3OH:HH22?;EHH23?)H Iii ig, - igﬁ 3.1x 10" 12 exp(~360) 240-300 +200
232 HO+C,HsOH—H,0+CH,CH,0H 1.6x10 13 +0.15
—H,0+CH;CHOH 2.9x10712 +0.15 4.1x 10 12 exp(—70/T) 270-340 +200
—H,0+CH3CH,0 1.6x10 13 +0.15
234 HO+ CH,CH,CH,0OH—products 5.5x 1012 +0.2
235 HO+ CH,CH(OH)CHz—products 5.1x107 12 +0.12 2.7 10 *2 exp(190T) 270-340 +200
236 HO+ CH,CH,CH,CH,0OH—products 8.1x107 12 +0.2
237 HO+ CH,CH(OH)CH,CHz—products 8.9x10 12 +0.3
237 HO+ CH,OCH;—H,0+CH;0CH, 2.8x10 12 +0.2 5.8< 1072 exp(—2201T) 240-300 +200

V1vd TVvOINTHOOL1LOHd ANV JILINIY d31vNIVAT
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TaBLE 2. Gas Phase Reactions—Summary of Reactions and Preferred Rate Data—Continued

Page Koog Temp. dependence of Temp.
No. Reaction cnt molecule! st Alog koo k/cm® molecule 72 range/K A(E/R)/K?
238  HO+CH;COCH,OH—products 3.0x10 12 +0.3
239  HO+CHy;00H—H,0+CH,00H 1.9x10 *? +0.2 1.0< 10 *? exp(190T) 220-430 +150

—H,0+CH,;00 3.6x10°12 +0.2 1.9 102 exp(190T) 220-430 +150
240  HO+HCOOH-products 4.5x10°13 +0.15 45¢10° 1 290-450 +250
241  HO+CH;COOH—sproducts 8x10°13 +0.3
241  HO+C,H,COOH—products 1.2x10°12 +0.2 1.2x10 12 290-450 +300
242  HO+CH;ONO,—products 2.3x10 3 4.0x 1013 exp(—845IT) 220-300 +400
244  HO+C,H:ONO,—products 1.8x10°13 +0.3 6.7< 10712 exp(—395/T) 230-300 +400
245  HO+1-CH,ONO,—products 6x10°13 (1 bar aiy +0.3
246  HO+2-C;H,ONO,—products 2.9x10 18 +0.2 6.2< 10" 1% exp(—230/T) 230-300 +300
248  HO+1-C;HsONO,—products 1.%10 %2 +0.2
248  HO+2-C,HsONO,—products x10 1 +0.3
249  HO+CHC(O)OONO,—products <3x10™ 4
250  HO+CH;COCH,ONO,—products <1x10°1?
250  HO+HCN—products X104 (1 bap +0.5 1.2X10° 2 exp(—400/T) (1 bap 290-440 +300
251  HO+CH;CN—products 2.x10° % (1 bayp +0.15 8.1x 10" 13 exp(—10801) (1 ban 250-390 +200
252  HO,+CHy0,—0,+CH;00H 5.2x10 %2 +0.3 3.8<107 12 exp(780T) 225-580 +500
254

HO,+HOCH,0,—~0,+HOCH,00H 1.2x10°1 +0.3 5.6< 10~ 15 exp(2300T) 275-335 +1500
—0,+HCOOH+H,0
255  HO+C,H0,—0,+C,HsO0H 7.7x10° %2 +0.2 3.8<107 2 exp(9007) 200-500 +400
256  HO,+CHyCO;—0,+CH,C(0)OOH 1.0<10° 1 +0.3 13
: 4.3x 1 104 250-37 +

— 03+ CHyC(0)OH 3.6x1071? +0.3 <107 exp(1040T) 50-370 500
257  HO+HOCH,CH,0,—products 1.x10° % +0.3
258

HO,+CH;0CH,0,—0,+CH;OCH,O0H See data sheet
—0,+CHyOCHO+H,0

259  HO+CH;COCH,0,—0,+CH,COCH,00H 9.0x10 12 +0.3
259  HO+HCHO—HOCH,00 7.9x10° ¥ +0.3 9.7 1071 exp(625T) 275-333 +600
260 HOCHOO—HO,+HCHO 1.510° (k/s™ +0.3 2.4 102 exp(—70007T) 275-333 +2000
261  NO+CH,—HNO;+CH, <1x10°18
262  NOy+C,H,—products <1x10°16
262  NOy+C,H,—products 2.x10° % +0.2 3.3<10" 2 exp(—2880M) 270-340 +500
263  NO+C,Hg—HNO;+C,Hg <1x107 Y7
264  NOy+CgHg—products 9.5%10 % +0.2 4.6<107 1% exp(—1155TT) 290-430 +300
265  NO+CzHg—HNO;+CiH, <7x10°Y7
266  NOy+n-C4H;—products 4.610° Y7 +0.2 2.8<107 12 exp(—3280M) 290-430 +400
267  NO+HCHO—HNO;+HCO 5.8<10° 16 +0.3
268  NOy+CH;CHO—HNO;+CH,CO 2.7x10° 1 +0.2 1.4X10 12 exp(—18601T) 260-370 +500
269  NO;+CHyCOCH;—HNO;+CH;COCH, <3x107Y7
269  NOy+CH;OH—products 1.%x10 %6 +0.5 9.4< 10" exp(—2650M) 250-370 +700
270  NO;+C,HsOH—products <2x10°1%
271 NOy+CH;CH(OH)CH;—products 1.x10° % +0.3

V6T
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TaBLE 2. Gas Phase Reactions—Summary of Reactions and Preferred Rate Data—Continued

Page Koo Temp. dependence of Temp.

No. Reaction cm® molecule * st Alog kpgg? k/cm® molecule *s71 range/K A(E/R)/K?

272 NOy+CH;CH(OH)CH,CH;—products 2.x10° % +0.3

273 CHy+0,+M—CH;0,+M 1.0X10°%°[N,] (ko) +0.2 1.0< 10 3Y(T/300) 33 [N,] 200-300 An=+1
1.8x10 12 (K) +0.3 1.8< 10 *4(T/300)** 200-300 An==+1
F.=0.27

275  GHs+0,—C,H,+HO, 3.8x1071° (1 bar aiy +0.5
1.9x10™ 1 (0.133 bar air +0.5

276 GHs+0,+M—C,H;0,+M 5.9X10 2°[N,] (ko) +0.3 5.9<10 2%(T/300) 38 [N,] 200-300 An=+1
7.8x10 12 (K-.) +0.2 7.810 12 200-300 Alogk=+0.2
F.=0.54 F.=1{0.58 exp{-T/1250) 200-300

+0.42 exp(-T/183)}

278  n-CyH;+0,+M—n-C3H,0,+M 8x10 12 (k) +0.2 8x10 12 200-300 Alogk==+0.2

278  i-CyH;4+0,+M—i-CH,0,+M 1.1x10° 1 (K) +0.3 1.1x10° 1 200-300 Alogk==+0.3

279 1-GHg+0,+M—1-CiH O, +M 7.5x 10712 (K) +0.5

279  2-GHg+0,+M—2-CHgO,+M 1.7x107 1 (k) +0.5

280 CHCOCH,+0,+M—CH;COCH,0,+M 1.5x10°*? (Kx) +0.5

281  HCO+0,—CO+HO, 5.2x 10 12 +0.15 5.2 10 *? 200-400 +150

282  CHCO+0,+M—CH;C(0)0,+M 3.2x1071? (K) +0.2 3.2<107%? 220-300 Alogk==+0.2

283  CHOH+0,—»HCHO+HO, 9.6x107 12 +0.12

284  CHCHOH+0,—CH,CHO+HO, 1.9x10° 1 +0.3

284  CHCH,OH+0O,—products 3.0x10 %2 +0.3

285 CHO+0,—HCHO+HO, 1.9x10 5 +0.2 7.2< 107 exp(—10801T) 298-610 +300

286  GHO+0,—CH,CHO+HO, 9.5x1071° +0.2 6.0< 10714 exp(—5501T) 290-420 +300

287  1-GH,0+0,—C,HsCHO+HO, 9.7x1071° +0.2 1.4 10 * exp(—1101T) 220-310 +500

288  2-GH,0+0,—CH;COCH,+HO, 7.2x10° 1 +0.2 1.4<10"** exp(—210T) 210-390 +200

288  CHCH,CH,CH,0+0,—~CH,CH,CH,CHO+ HO, 9.5x10 % +0.3 6.0<10 * exp(~5501T) 290-400 +500

289  CHCH,CH,CH,0—CH,CH,CH,CH,0H 1.6x10° (s} (1 bay +0.5 2.4< 10" exp(—4240m) (1 bay 295-400 +1000

290  CH;OCH,0+0,—CH;OCHO+HO, See data sheets

290  CH;OCH,0+M—CH;OCHO+H+M

290 CH;COCH,0+0,—CH;COCHO+HO, See data sheets

290 CH,COCH,0+M—CH;CO+HCHO+M

291  CHCH(O)CH,CHz+M—CH;CHO+ CHs+M 2.2x10* (s7h (1 bay +0.3 2x 10 exp(—6830) (1 bap 300-500 +500

292  CHy+Oz—products 2.5x10 12 +0.3 5.1 10712 exp(—2101T) 240-400 +200

293  CHO+NO+M—CH;ONO+M 1.6X1072°[N,] (ko) +0.1 1.6<102%(T/300) 35 [N,] 200-400 An=*0.5
3.6x10 % (K-.) +0.5 3.6x10 (T/300) %6 200-400 An=+0.5
F.=0.6

293 CHO+NO—HCHO+HNO See data sheet

295  GHsO+NO+M—C,H;ONO+M 2.2}X107%8[N,] (ko) +0.3 2.2< 107 %§(T/300) 35 [Nj,] 200-400 An=+0.5
4.4x10° 11 (Kx) +0.3 4.4¢10 1 200-300 An=+05
F.=0.6

295  GHs0+NO—CH;CHO+HNO See data sheet

296  i-CgH;0+NO+M—i-CsH,ONO+M 3.4x10° 1 (K2.) +0.3 3.4<10° 1 200-300 An=+0.5

V1vd TVvOINTHOOL1LOHd ANV JILINIY d31vNIVAT
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TaBLE 2. Gas Phase Reactions—Summary of Reactions and Preferred Rate Data—Continued

Page Koo Temp. dependence of Temp.

No. Reaction cm® molecule * st Alog kpgg? k/cm® molecule *s71 range/K A(E/R)/K?

296  i-C3H;0+NO—CHyCOCH;+HNO See data sheet

297  CHO+NO,+M—CH,;ONG,+M 9.0x 10 2°[N,] (ko) +0.3 9.0< 10 2(T/300) *°[N,] 200-400 An=+1
1.9x10 1 (K.) +0.3 1.9<10° 1 200-400 An=+0.5
F.=0.44

297  CHO+NO,—HCHO+HONO See data sheet

299  GHsO+NO,+M—C,H;ONO,+M 2.8x10° 1! (K) +0.3 2.8x10° % 200-300 An==*05

299  GHsO+NO,—~CH;CHO+HONO See data sheet

299  1-GH;0+NO,+M—1-CH,ONO,+M 3.6x10° 1 (Kx) +0.3

300  2-GH,0+NO,+M—2-CH,ONO,+M 3.5x10° 1 (K2) +0.2 351071 200-300 An=+0.5

300 1-GH;O+NO,—CH;COCH;+HONO See data sheet

301 CHO,+NO—CH;0+NO, 7.5x10 12 +0.05 2.8<10 12 exp(285T) 200-430 +100

302  GHs0,+NO—C,H;0+NO, 9.0x 10712 +0.1 2.5 10" 12 exp(380T) 200-410 +100

302  GHsO,+NO(+M)—C,HsONO,(+M) <1.3x10° 13 (1 bap

303  HOCHCH,0,+NO—HOCH,CH,0+NO, 9x10 12 +0.5

303  n-CyH;0,+NO—n-CH,0+NO, 9.4x 10 12 +0.2 2.9 1012 exp(350T) 200-410 +100

303  n-C3H;0,+NO(+M)—n-CsH,ONO,(+M) 1.9x10713 (1 bay +0.5

304  i-C4H,0,+NO—i-C4H,0+NO, 9.0x10 12 +0.1 2.7 10712 exp(360T) 200-410 +100

304  i-C4gH;0,+NO(+M)—i-CH;0NO(+M) 3.8x10° 1 (1 bay +0.5

305 CHCO;+NO—CH,CO,+NO, 2.0x10 +0.2 7.8< 1012 exp(300T) 200-350 +250

306  GHsCO;+NO—C,HsCO,+NO, 2.8x10° ! +0.3 1.2< 10 exp(240T) 240-310 +500

307  CHO,+NO,+M—CH;0,NO,+M 2.5x10 *°[N,] (ko) +0.3 2.5<10739(T/300) 55 [N,] 250-350 An=+1
7.5x10712 (Ks) +0.3 7.5¢107*? 250-350 An=+0.5
F.=0.36

308 CHO,NO,+M—CH,0,+NO,+M 6.8X1071°[N,] (ko/s™Y +0.3 9x 107° exp(—9690T) [N,] 250-300 +500
45 (k.. /s7h) +0.3 1.1x 10'® exp(—10560T) 250-300 +500
F.=0.36

310  GHs0,+NO,+M—C,H;0,NO,+M 1.3xX102°[N,] (ko) +0.3 1.3< 10 2Y(T/300) 2 [N,] 200-300 An=+1
8.8x10 12 (k-.) +0.3 8.8x10 12 200-300 A logk=+0.3
F.=0.31 F.=0.31 250-300

311 GH:O,NO,+M—C,H:0,+NO,+M 1.4x10 Y7 [N,] (ko/s™Y) +0.5 4.8<10™* exp(—9285TT) [N,] 250-300 +1000
5.4 k.. /sY +0.5 8.8 10 exp(—10440T) 250-300 +1000
F.=0.31 F.=0.31 250-300

312  CHCO;+NO,+M—CH;CO;NO,+M 2.7x10 28[N,] (ko) +0.4 2.7 10 2§(T/300) "1 [N,] 250-300 An=+2
1.2x10° 1 (Ky) +0.2 1.2< 10~ *{(T/300)"°° 250-300 An=+1
F.=0.3

314  CHCO;NO,+M—CH;CO;+NO,+M 1.1X 10 2°[N,] (ko/s™ +0.4 4.9< 1073 exp(—121007) [N,] 300-330 +1000
3.8x10°* (k.. /s7Y) +0.3 5.4x 106 exp(—13830T) 300-330 +300
F.=0.3

315  GHsCONO,+M—CyH5CO;+NO,+M 4.4x10°* (k.. /s7Y) +0.4 2x 10" exp(—12800T) 300-315 +1000

316  CHO,+NO3—CH;0+NO,+0, 1.3x10°*? +0.3

317  GHs0,+NO3—C,H:0+NO,+0, 2.3x10712 +0.2
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TaBLE 2. Gas Phase Reactions—Summary of Reactions and Preferred Rate Data—Continued

Page Koo Temp. dependence of Temp.
No. Reaction cm® molecule * st Alog kpgg? k/cm® molecule *s71 range/K A(E/R)/K?
318 CH,0,+CHy0,—CH;OH+HCHO+0,
—2CH;0+0, 3.7x10° 13 +0.12 1.1X 1073 exp(365T) 200-400 +200
—CH;0O0CH;+0,
320 CHO,+CH;C(0)0,
—CHy0+CH;CO,+0, 1 1
5x1 1 1.8 1 200- +2
. CH,COOMHCHO O, 9.5x10 0.15 8< 10 12 exp(5001) 00-350 50
321  CHO,+CH,COCHO0,
—CHzOH+CH,COCHO+0,
—HCHO+CHyCOCH,0H+0, 3.8x10 *? +0.3
— CH;0+CHyCOCH,0+0,
322  HOCHO,+HOCH,0,
—HCOOH-+ CH,(OH),+0, 7.0x10 18 +0.3 57%10-4 7508 270330 +750
—2HOCHO+0, 5.5x10 12 +0.3 ' exp(750m) - -
323 C,H:0,+C,H0,—C,H:OH+CH,CHO+0,
—2C,Hs0+0;, 6.4x10 4 +0.12 6.4< 10" 250-450 3
—C,Hs00GHs+0,
324  GHs0,+CHLC(0)0,
—C,Hs0+CH;CO,+ 0, .
.OX *0.
— CHyCHO+CH;C(O)OH+0, 1.0x10 05
325  CHOCH,0,+CH;OCH,0,
— CH;OCH,0OH+CH;OCHO+0, 7x10718 +0.3
—2CH;OCH,0+0, 1.4x10° 12 +0.3
326  CHC(0)O,+CHyC(0)0,—2CH;C(0)0+0, 1.5x10 1 +0.1 2.9<10 12 exp(5001) 200-370 +200
327  CHCO;+CH,COCH0,
—CHyCOOH+CH,COCHO+0, 1,
.0X 1 *=0.
— CH5CO,+CH,COCH,0+0, 5.0<10 03
328  HOCHCH,0,+HOCH,CH,0,
—HOCH,CH,0OH+HOCH,CHO+0, 1.1x10° 12 0.1 a
.8X — x
L 2HOCH,CH,0+0, 1 1x10-12 +0.1] 7.8X10 * exp(1000T) 250-450 300
329  n-CaH;0,+n-CyH,0,
—n-C3H,0OH+C,H;CHO+ 0, o N
—2n-CH,0+0, 3x10 =05
330  i-CgH;0,+i-CoH;0,
—i-C3H,0H+CH,COCH;+0, 4.4x10° 16 +0.3 1
: 1.6x10 —2200 300-400 +300
—2i-CsH,0+0, 5.6x10°16 iO,S] exp( )
331  CHCOCH,0,+CH;COCH0,
— CH;COCH,OH+CH;COCHO+0, 2.0x10712 +0.5
—2CH;COCH,0+0, 6.0x10 12 +0.3
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TaBLE 2. Gas Phase Reactions—Summary of Reactions and Preferred Rate Data—Continued

Page Koo Temp. dependence of Temp.

No. Reaction cm® molecule * st Alog kpgg? k/cm® molecule *s71 range/K A(E/R)/K?

332  RCHOO+0;—RCHO+20, )

332 RCHOO+H,0—products

332 RCHOO+CO—products

332 RCHOO+HCHO—products

332 RCHOO+C,H,—products No recommendationsee data sheets

332 RCHOO+NO—RCHO+NO,

332 RCHOO+NO,—»RCHO+NO,

332 RCHOO+SO,—products

332 RCHOO+HCOOH—>productsJ

335  O;+C,H,—products 1x10° % +1.0

336  O+C,H,—products 1.6x10°18 +0.10 9.1X 10~ *° exp(—25801T) 180-360 +100

338  (Q+CzHg—products 1.0x10° 7 +0.10 5.5 10~ 15 exp(—18801T) 230-370 +200

340  F+CH,+HF+CH, 6.7x10 +0.15 1.6< 107 1% exp(—2601T) 180-410 +200

341  CHCH,—HCI+CH, 1.0x10° 13 +0.06 6.6< 10" 12 exp(—12401T) 200-300 +200

343  CHCH,+M—CH,Cl+M 6.1X 10 *°[N,] (ko) +0.3 6.1X 10 39(T/300) 3 [N,] 200-300 An=+1
2.0x10°10 (Ky) +0.3 2.0<10°10 200-400 An=+1
F.=0.6

344  CHCH;+M—CH,Cl+M 1.7X 10 ?°[air] (ko) 0.5 1.7x 1072%(T/300) 33 [air] 250-300 An==+1
3x10°1° (K..) +0.3 3x10° %0 250-300 An==+1
F.=0.6

346  CHC,Hg—HCI+C,Hs 5.9x10 +0.06 8.3 10 exp(—100/T) 220-600 +100

347  CHCaHg+M—C3HCI+M 4.0<10 8 [N,] (ko) +0.5
2.8x10 1© (K..) +0.3

349  CHCyHg—HCI+CgH, 1.4x10°1° +0.06 1.4<10°1° 200-700 +100

350 CH-n-C,H;q—HCI+C4H, 2.2x1071° +0.06 2.210° % 290-600 +100

351 CHHCHO—HCI+HCO 7.3x10 1 +0.06 8.2 10" ! exp(—34/T) 200-500 +100

352  CHCH;CHO—HCI+CH,CO 7.2x10° 1! +0.15 7210 % 210-340 +300

353  CH-C,HsCHO—products 1.2x10°1° +0.3

353  CHCH,COCH,—HCI+CH;COCH, 3.5x10712 +0.3

354  CHCH;COCH,CHz;—products 4.3x10 % +0.2

355  CHCHyOH—HCI+CH,0OH 5.5x10 +0.15 5.5¢10 200-580 +200

356  ChC,HsOH—products 9.0x10 ! +0.1

356  CH n-CyH,OH—products 1.5x10°1° +0.2

357  CHi-C3H,OH—products 8.4x10 1 +0.3

358  CHCH;OOH—products 5.%10 1! +0.5

358  CHHCOOH-products 2.x10° +0.2

359  CHCH,COOH-products 2.&10 ¥ +0.3

360 CHCH;ONO,—products 241013 +0.3

360 CHC,HsONO,—products 4.%1071? +0.2

361 CH n-CyH,ONO,—products 2.x10° % +0.2

362  CHi-C3H,ONO,—products 5.&10 12 +0.3
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Page Koo Temp. dependence of Temp.

No. Reaction cm® molecule * st Alog kpgg? k/cm® molecule *s71 range/K A(E/R)/K?
362  CH1-C,H,ONO,—products 8.5x10 1! +0.3

363  CHCH,C(0O)OONO,—products <2x10™1

363  CHCH;CN—products 1.x10° % +0.3 1.6< 10" exp(—2140m) 270-350 +300
364  Br+HCHO—HBr+HCO 1.1x10 *? +0.15 1.7 107! exp(—800/T) 220-480 +250
365  Br+CHy;CHO—HBr+CH,CO 3.9x10 12 +0.2 1.3 10~ exp(—3601T) 250-400 +200
366 HCHO+hv—products See data sheet

368 CHCHO+hv—products See data sheet

370  GHsCHO+ hv—products See data sheet

372  (CHO)+hv—products See data sheet

374  CHCOCHO+ hv—products See data sheet

376  CHCOCH;+ hv— products See data sheet

378  CHCOGHs5+hv—products See data sheet

379  CHOOH+ hv—products See data sheet

380 CHONO,+hv—products See data sheet

381  GHsONO,+hv—products See data sheet

383  n-CzH;ONO,+ hv—products See data sheet

384  i-C3H,ONO,+hv—products See data sheet

385  1-GHyONO,+ hv—products See data sheet

387  2-GHgONO,+hv—products See data sheet

388  CHO,NO,+hv—products See data sheet

389  CHC(O)OONG,+hv—products See data sheet

#The cited uncertainty is an expanded uncertainty corresponding approximately to a 95% confidence limit.
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3. Guide to the Data Sheets

3.1. Gas-Phase Reactions

The data sheets are principally of two typés:those for
individual thermal reactions an@) those for the individual
photochemical reactions.

3.1.1. Thermal Reactions

The data sheets begin with a statement of the reactions

including all pathways which are considered feasible. This is
followed by the corresponding enthalpy changes at 298 K,
calculated from the enthalpies of formation summarized in
Appendix 1.

The available kinetic data on the reactions are summarized

under three headinggi) Absolute Rate Coefficientsii)
Relative Rate Coefficients, an@ii) Reviews and Evalua-
tions. Under headings) and(ii), we include new data which
have been published since the last complete IUPAC
evaluatiofi as well as the data used in deriving the preferred
values. Under headingii) are listed the preferred rate data
from the most recently published NASA evaluaficavail-
able at the date of submission of this evaluation and our own
IUPAC evaluations, together with data from any new review

or evaluation source. Under all three of the headings above,

ATKINSON ET AL.

EPR - electron paramagnetic resonance

F - flow system

FP - flash photolysis

FTIR - Fourier transform infrared

FTS - Fourier transform spectroscopy

GC - gas chromatography/gas chromatographic
HPLC - high-performance liquid chromatography
IR - infrared

LIF - laser induced fluorescence

LMR - laser magnetic resonance

LP - laser photolysis

MM - molecular modulation

MS - mass spectrometry/mass spectrometric
P - steady state photolysis

PLP - pulsed laser photolysis

PR - pulse radiolysis

RA - resonance absorption

RF - resonance fluorescence

RR - relative rate

S - static system

SH - shock heatingin a shock tubg

TDLS - tunable diode laser spectroscopy
UV - ultraviolet

UVA - ultraviolet absorption

VUVA - vacuum ultraviolet absorption

the data are presented as absolute rate coefficients. If theyr measurements of relative rate coefficients, wherever pos-
temperature coefficient has been measured, the results a§fle the comments contain the actual measured ratio of rate
given in a temperature-dependent form over a stated temspefficients together with the rate coefficient of the reference
perature range. For bimolecular reactions, the temperatur@action used to calculate the absolute rate coefficient listed
dependence is usually expressed in the normal Arrheniug, the data table. The absolute value of the rate coefficient
form, k=A exp(-B/T), whereB=E/R. For a few bimolecu-  gjyen in the table may be different from that reported by the
lar reactions, we have listed temperature dependences in thgiginal author owing to a different choice of rate coefficient
alternative form,k=A'T" or CT" exp(~D/T), where the f the reference reaction. Whenever possible the reference
original authors have found this to give a better fit to their ate data are those preferred in the present evaluation.
data. For pressure-dependent combination and dissociationtpe preferred rate coefficients are presentidat a tem-
reactions, the non-Arrhenius temperature dependence i?erature of 298 K andii) in temperature-dependent form
used. This is discussed more fully in a subsequent section @yer a stated temperature range.
the Introduction. 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 iB(R) or in
ever possible the rate coefficient at or close to 298 K is 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 differqction.
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 Kgjection was made and give any other relevant information.
marked with an asterisk indicate that the value was calCutne 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 experinces.

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

ments sections: ) ) »
3.1.2. Conventions Concerning Rate Coefficients

A - absorption

AS - absorption spectroscopy

CIMS - chemical ionization
spectrometric

CL - chemiluminescence

DF - discharge flow

All of the reactions in the table are elementary processes.
mass  spectroscopy/Thus the rate expression is derived from a statement of the
reaction, e.g.,

A+A—B+C

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999



EVALUATED KINETIC AND PHOTOCHEMICAL DATA 201

—-1/2 dA] dB] dC] 5 with N={0.75-1.27 lod~}. In this way the three quantities
dt “Tdt at =k[A]". ko, k.., andF characterize the falloff curve for the present

application.
Note that the stoichiometric coefficient for A, i.e., 2, appears p,glternatively the three quantitiek, , [M]., andF, (or

in the denomir12ator before the rate of changém](which is ko, [M]., andF ) can be used. The temperature dependence
equal to X[A]) and as a power on the right-hand side. o £ “\which is sometimes significant, can be estimated by

the procedure of Tro#:!! The results can usually be repre-

3.1.3. Treatment of Combination and Dissociation Reactions sented approximately by the equation:
The rates of combination and the reverse dissociation re- Fe=(1—a)exp —T/T*** )
actions +aexp —T/T*)+exp —T**/T).
A+B+M=2AB+M

Whereas the two first terms are of importance for atmo-
depend on the temperatufe and the nature and concentra- spheric conditions, the last term in most cases becomes rel-
tion of the third body[M]. The rate coefficients of these evant only at much higher temperatures. In Ref. 2, for sim-
reactions have to be expressed in a form which is more conplicity a=1 and T** =4T* were adopted. OftenF,
plicated than those for simple bimolecular reactions. The=exp(—T/T*) is sufficient for low-temperature conditions.
combination reactions are described by a second-order raWith molecules of increasing complexity, additional broad-
law ening of the falloff curves may have to be taken into

d[AB] account ! For simplicity these effects are neglected in the
——=Kk[A][B] present evaluation. An even simpler policy was chosen in
dt Ref. 8 where a temperature independent standard value of
in which the second-order rate coefficient dependgMh F.=0.6 was adopted. This choice, however, often oversim-
The low-pressure third-order limit is characterizedky plifies the representation.
ko=lim K[M] If a given falloff curve is fitted, changes iR. require
0 [M]=0 changes in the limiting, andk,, values. For the purpose of
L ) ) this evaluation, this is irrelevant, if the preferrkgl and k.,
which S p_roporﬂonal _tO[M]' The high-pressure second- are used consistently together with the prefeffgdalues. If
order limit is characterized b.., the selected value & is too large, the values &6, andk., ,
K.=lim k([M]) obtained by fitting the falloff expression to the experimental
[M]—e data, are underestimated. Theoretical predictions diave

which is independent diM]. For a combination reaction in been derived from rigid Rice—Ramsperger—Kassel-Marcus

the low-pressure range, the summary table gives a seconfRRKM)-type models including weak collision effects:*

order rate coefficient expressed as the product of a third- The dependence df, and k.. on the temperaturd is

order rate coefficient and the third body concentration, whicHepresented in the form

is expressed in molecule ¢rh The transition between the Ko TN

third-order and the second-order range is represented by a

reduced falloff expression okg/k., as a function of except for cases with an established energy barrier in the

[M]/[M],, where the “center of the falloff curveM]; in-  potential. We have used this form of temperature dependence

dicates the third-body concentration for which the extrapo-because it often gives a better fit to the data over a wider

latedk, would be equal tk... The dependence &fon[M]  range of temperature than does the Arrhenius expression.

in general is complicated and has to be analyzed by unimofhe dependence df, on the nature of the third-body M

lecular rate theory. For moderately complex molecules at nogjenerally is represented by the relative efficiencies gakid

too high temperatures, however, a simple approximate relav.,:

tionship holds:

koKe 1 Ko /Ko . o _ . .

“ kot ks F=ko T kg/k, F=k. Tt ky/k, F The few thermal dissociation reactions of interest in the
present application are treated by analogy with combination

where the first factors at the right-hand side represent thgeactions, and are assigned pseudo-first-order rate coeffi-

Lindemann—Hinshelwood expression, and the additionatientsk([M]). The limiting low- and high-pressure rate co-

broadening factoF, at not too high temperature, is approxi- efficients expressed in units of sare denoted in the tables

Ko(M)/[M1]:ko(Mp)/[M,].
k

mately given by~ by the symbols K,/s™Y) and (./s ). Obviously, F,
log F should be the same in combination and dissociation reac-
log F= ° tions.

2.
1+[log(ko/k-.)] For reactions involving parallel rearrangement/
With increasing temperature, a better representation idissociation and stabilization channels from a common acti-
obtained™*! by replacing[log(k,/k.)]? by [log(ks/k.)/N]?>  vated complex,

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999
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A+B=AB*—-»C+D often used, but care must be taken to avoid confusion in their
M definition; it is always necessary to know the units of con-
AB centration and of path length and the type of logaritfiase

o ) o e or base 1Dcorresponding to the definition. To convert an
then providing that dissociation of ABback to reactants apsorption cross-section to the equivalent Napefimse &
dominatgs over dissociatiorj of ABo C+D in the low pres-  gpsorption coefficientexpressed in cit) of a gas at a pres-

Ko(M) =Koy (M)/Koy multiply the value ofa in cn? by 2.69x 10'°.

wherek,(M) is the effective second-order rate coefficient for
formation of C+D at a given third-body concentratigivl ], 3.1.6. Assignment of Uncertainties
k,(M) is the effective second-order rate coefficient for for- T .
mation of AB at the same concentration of M, dqg is the Under the heading rellab'|I|ty, estimates have been
second-order limiting low-pressure rate coefficient at thgMade of the absolute accuracies of the preferred valués of
same concentration of Nl.e., incorporatingM]). at 298 K and of the preferred values®BfR over the quoted
temperature range. The accuracy of the preferred rate coef-
ficient at 298 K is quoted as the terivriog k, whereAlog k
=D andD is defined by the equation, lggk=C=D. This
The data sheets begin with a list of feasible primary pho4s equivalent to the statement thais uncertain to a factor of
tochemical transitions for wavelengths usually down to 170F, whereD =log,q F. The accuracy of the preferred value of
nm, along with the corresponding enthalpy changes at 0 KE/R is quoted as the term(E/R), whereA(E/R)=G and
where possible or alternatively at 298 K, calculated from theG is defined by the equatioB/R=H=*G. D and G are
data in Appendix 1. Calculated threshold wavelengths correexpanded uncertainties corresponding approximately to a
sponding to these enthalpy changes are also listed, bearing @% confidence limit.
mind that the values calculated from the enthalpy changes at For second-order rate coefficients listed in this evaluation,
298 K are not true “threshold values.” an estimate of the uncertainty at any given temperature
This is followed by tables summarizing the available ex-within the recommended temperature range, may be obtained
perimental data concerning) absorption cross-sections and from the equation:
(i) quantum yields. These data are supplemented by a series AE (1 1
of comments. Alog k(T)=Alog k(298 K)+0.434#— (—— —) ‘
The next table lists the preferred absorption cross-section RAT 298
data and the preferred quantum yields at appropriate wave- The assignment of these absolute uncertaintiek and
length intervals. For absorption cross-sections the intervalg/R is a subjective assessment of the evaluators. They are
are usually 1, 5, or 10 nm. Any temperature dependence afot determined by a rigorous, statistical analysis of the data
the absorption cross-sections is also given where possiblgase, which is generally too limited to permit such an analy-
The aim in presenting these preferred data is to provide gjs. 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 reprenents, 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 weigence shows that for rate measurements of atomic and free
selected and include other relevant points. The photochemiadical 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-
3.1.5. Conventions Concerning Absorption Cross Sections nique, standard deviations, or even 90% confidence limits, of
These are presented in the data sheets as “absorptiqlérltgt:f’at%rl Iesshare fre?uently reported in the Ilte(;atur?. U?]'
cross-sections per molecule, base e.” They are defined ac- y, when eva uators come to compare aFa or.t N
cording to the equations Same reqctlon _stud@d by more than one group of |n\{e§tlga—
tors and involving different techniques, the rate coefficients
I/lg=exp(— o[ N]I), often differ by a factor of 2 or even more. This can only
mean that one or more of the studies has involved large
o={H(NID}nClo/), systematic uncertainties which are difficult to detect. This ?s
where |, and | are the incident and transmitted light intensi- hardly surprising since, unlike molecular reactions, it is not
ties, o is the absorption cross-section per molec(dx-  always possible to study atomic and free radical reactions in
pressed in this paper in units of n[N] is the number isolation, and consequently mechanistic and other difficulties
concentration of absorbéexpressed in molecule ¢ri), and  frequently arise.
| is the path lengtliexpressed in cin Other definitions and The arbitrary assignment of uncertainties made here is
units are frequently quoted. The closely related quantitiebased 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

3.1.4. Photochemical Reactions
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independent investigations carried out and the number of difwork and the authors thank Dr. C. J. Cobos for his assis-
ferent techniques used. On the whole, our assessment of utance. The Chairman and members of the Committee wish to
certainty limits tends toward the cautious side. Thus, in theexpress their appreciation to I.U.P.A.C. for the financial help
case where a rate coefficient has been measured by a singidich facilitated the preparation of this evaluation. Special
investigation using one particular technique and is unconthanks go to Christy J. LaClaire for her continuing and out-
firmed by independent work, we suggest that minimum un-standing efforts in the final preparation of this manuscript.
certainty limits of a factor of 2 are appropriate.

In contrast to the usual situation for the rate coefficients of 3.3. References for the Introduction
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number of independent studies permits a realistic assessmenh®. L. Baulch, R. A. Cox, R. F. Hampson, Jr., J. A. Kerr, J. Troe, and R. T.
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. . D. L. Baulch, R. A. Cox, P. J. Crutzen, R. F. Hampson, Jr., J. A. Kerr, J.
scarcity of apparently reliable data. Thus, we do not feel r5e ang R. T. Watson, J. Phys. Chem. Ref. Dita327 (1982.

justified at present in assigning uncertainty limits to the pa-3D. L. Baulch, R. A. Cox, R. F. Hampson, Jr., J. A. Kerr, J. Troe, and R. T.
rameters reported for the photochemical reactions. Watson, J. Phys. Chem. Ref. Dalta, 1259(1984.

4R. Atkinson, D. L. Baulch, R. A. Cox, R. F. Hampson, Jr., J. A. Kerr, and
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AH°(1)=—286.2 kimol !

AH®(2)= —352.5 kimol 1

AH°(3)=—288.1 kmol™*
AH°(4)=34.1 kJmol™*

4. Gas-Phase Reaction—Data Sheets

ATKINSON ET AL.

4.1. Organic Species

O + CHy —HCHO + H (1)
— HCO + H, (2)
—CO+H,+H (3)
— OH + CH, (4)

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

k/cm® molecule? st Temp./K Reference Technique/ Comments
Absolute Rate Coefficients
(1.2+0.17)x 10" %0 1700-2300 Bhaskaran, Franck, and Just, 1979 SH-RA ()
(1.14+0.29)x 10710 295 Plumb and Ryan, 1982 DF-MS (b)
(1.4+0.3)x1071° 294-900 Slagle, Sarzynski, and Gutman, £987 F-MS (c)
k,=(1.1£0.4)x 10 1° 298 Zellneret al, 1988 LP-LIF (d)
(1.3+0.2)x1071° 300 Oseret al, 199P DF-MS (e)
(9.4+3.0)x10" 1! ~298 Seakins and Leone, 1992 PLP-FTIR (f)
(1.4+0.3)x10° 10 1609-2002 Lim and Michael, 1993 SH-RA (g)
Branching Ratios
k, /k>0.85 300 Niki, Daby, and Weinstock, 1968 DF-MS (h)
k,/k=<0.2 300 Hoyermann and Sievert, 1979 F-MS (i)
Reviews and Evaluations
1.4x10°1° 300-2500 Baulclet al, 1992° 1)
1.1x10°10 260-350 NASA, 199% (k)
1.4x10°1° 290-900 IUPAC, 199 1)
Comments formation of HCHOJusing laser-induced fluorescence

(@

(b)

(©

(d)

Decomposition of GHg—O, mixtures in a shock tubdk
was derived from computer simulation (@] and[H]
profiles determined by RA.

Discharge flow system with MS detection of O and
CHa, k was determined from the decay [d€H3] with
[O]>[CHs]. )
Flow system with generation of GHadicals and GP)
atoms from simultaneousin situ photolysis of
CH;COCH; and SQ, and determination dfCH3] and )
[O] by photoionization MS. Experiments were per-
formed under conditions such tHa&]/[CH;]>20, and

rate coefficients were determined from the decay ofip)
CHs radicals. The rate coefficielt was found to be
independent of pressure over the range 1.3-15 mbay)
(1-11 Torp, and its value was confirmed by measure-
ment of the rate of formation of HCHO. HCO and €H
were not detected as products but the analytical system
could not detect CO or # ()
Laser photolysis at 193 nm of flowing mixtures of (k)
N,—N,O—(CHs),N,. k was determined from the rate of

(e

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999

(LIF)] with [O]>[CHs]. Mass balance estimates indi-
cated that channéll) predominates.

Discharge flow system with generation of giffom
F+CH, in He—0O, mixtures at pressures of 0.25-1.0
mbar(0.17-0.78 Tomn. k was determined from the de-
cay of[ CHg] by MS with [O]/[CH3]>10.

Obtained from the rate of formation of HCHO product
by monitoring the C—H stretch emission by Fourier
transform infrared spectroscopiFTIR).

Shock heating of CECI in Ar coupled with laser pho-
tolysis of SQ. k was determined from computer simu-
lation of [O] profiles measured by RA.

DF-MS study of OrC,H, reaction in which CHis a
product. HCHO assumed to arise from chan(igl
Discharge flow system with C{being generated from
F+CH, and O from a microwave discharge. Electron
impact MS analysis of HCO and HCHO. No evidence
found for channel(4).

Based on the data of Slagi al3

k,gg Is the weighted average of the measurements of
Washida and Bayes, Washida* and Plumb and
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Ryan? andE/R is based on the results of Washida andresolved FTIR spectroscopy. It was further shéwhmat CO

Bayes®™® was a primary product of the reaction, with an overall
branching ratio for CO formation of 0.400.10, but it was
Preferred Values not possible to establish the detailed pathways for CO for-
mation.
k=1.2x10 1% cm® molecule ! s7%, independent of tem-
perature over the range 290-900 K. References
Reliability K. A. Bhaskaran, P. Franck, and Th. JuBtpceedings of the 12th Sym-
A |Og k=-+0.1 at 298 K. gggi.um on Shock Tubes and Wayktgnes Press, Jerusalem, 1980
A(E/R)==*=100 K. 2|, C. Plumb and K. R. Ryan, Int. J. Chem. Kink4, 861 (1982.
31. R. Slagle, D. Sarzynski, and D. Gutman, J. Phys. Ch8m.4375
(1987.
Comments on Preferred Values 4R. Zellner, D. Hartmann, J. Karthaer, D. Rhaa, and G. Weibring, J.

The recommended value &fis the mean of the results of Chem. Soc. Faraday Trans83, 549 (1988.

Plumb and Ryaﬁ Slagleet al.3 Zellner et al.% Oseret al.® 5H. Oser, D. Walter, N. D. Stothard, O. Grotheer, and H. H. Grotheer,
d Seaki d, Leofanhi h . Ii i ’ i Chem. Phys. Lett181, 521 (1991).
and Seakins and Leorieynich are in excellent agreéeément.  op vy seakins and S. R. Leone, J. Phys. Ch26n4478(1992.

The data of Bhaskaraet al! and Lim and Michaélindicate 7. p. Lim and J. V. Michael, J. Chem. Phyag, 3919(1993.

that the rate coefficient is independent of temperature up tdH. Niki, E. E. Daby, and B. Weinstock, J. Chem. Ph¢8, 5729(1968.
at least 2300 K 9K. Hoyermann and R. Sievert,7th Symposium (International) Combus-

. . . . . tion (The Combustion Institute, Pittsburgh, 197p. 517.

While there is evidence that chanr(el) 1S predomlnant 10D, L. Baulch, C. J. Cobos, R. A. Cox, C. Esser, P. Frank, Th. Just, J. A.
and that channgl) does not appear to occur, the recommen- Kerr, M. J. Pilling, J. Troe, R. W. Walker, and J. Warnatz, J. Phys. Chem.
dation of values of the branching ratios requires more quan; Ref. Data2l, 411(1992. _
titative data. In this regard Seakins and Lebhave carried ,,‘ASA Evaluation No. 12, 1997see references in Introduction

. . . IUPAC, Supplement V, 1997ee references in Introductipn
out pulsed laser photolysis studies of the-OH; reaction 13\ \washida and K. D. Bayes, Int. J. Chem. Kingt777 (1976.

and have observed excited HCHO and CO products by time“N. washida, J. Chem. Phy23, 1665(1980.
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AH°(1)=—178.4 kJmol™*

AH°(2)=-128.9 kdmol~* or —163.9 kmol™*

AH°(3)=—472.7 kmol !

ATKINSON ET AL.

O(*D) + CH, — HO + CH,4 (1)
— HCHO + H, (3)

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

k/cm® molecule * s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

(1.3+0.2)x1071° 298 Davidsoret al, 1976 PLP (a)

(1.4+0.4)x 10710 200-350 Davidsort al, 1977 PLP (a)

(1.57+0.13)x 107 1° 295 Amimotoet al, 1979 PLP-RA (b)
Branching Ratios

kq /k=0.9 295 Lin and DeMore, 1973 P-GC(c)

ks /k=0.09 295

ky /k=(0.90+0.02) 298 Jayanty, Simonaitis, and Heicklen, 1976 P-GC(d)

ks /k=(0.11+0.02) 298

k,/k=0.8 293 Addison, Donovan, and Garraway, 1979 FP-AS (e)

k3 /ky<0.25 — Casavecchiat al, 1980 ()

k; /k=(0.75+0.08) — Sataypaét al, 198F PLP-LIF (g)

k,/k=(0.25+0.08) —

k, /k=(0.15+0.03) — Matsumiet al, 1993 PLP-LIF (g)
Reviews and Evaluations

k=1.5x10"1° 200-350 NASA, 1997 (h)

k, /k=0.75 298 0)

k,/k=0.20 298 (i)

k3 /k=0.05 298 (i)

k=1.5x10"1° 200-350 IUPAC, 199% ()

k,/k=0.9 200-350 (k)

ks /k=0.1 200-350 (k)

Comments (i) Based on the results of Lin and DeMdrélddison

(@ Pulsed laser photolysis ofGit 266 nm. @'D) atoms
were monitored by time-resolved emission from the(j)

transition G*D)—O(®P) at 630 nm.

(b) Pulsed laser photolysis at 248 nm of-€CH,—He mix-

sumiet al®

et al®

tures with time-resolved measurement of’®) atoms

by resonance absorption.
(c) Photolysis of NO—CH, mixtures at 184.9 nm with

end-product analysis by GC.

(d) Photolysis of NO—CH,—0O, mixtures at 216 nm with
measurement of jby GC.
(e) Flash photolysis of @ at 200-300 nm with[OH]

monitored by AS at 308.15 nm.

(f) Molecular beam study with MS detection of @bl or

k,/k=0.75 at 298 K.
k,/k=0.20 at 298 K.
ks/k=0.05 at 298 K.

CH,OH. Experimental temperature not stated.
(9) Pulsed laser photolysis of ;Cat 248.4 nm with LIF  Reliability
determination of[H]. Experimental temperature not A logk=+0.1 at 298 K.

stated.

Ak, /k=+0.15 at 298 K.

(h) Total rate coefficienk was based on the data of David- Ak, /k=+0.07 at 298 K.

son et al,!?

and Amimoto et al,®> with E/R from
Davidsonet al?

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999

Aks/k=*0.05 at 298 K.
A(E/R)=+100 K.

et al.® Casavecchiat al,” Satyapalet al.® and Mat-

See Comments on Preferred Values.
(k) Based on the results of Lin and DeMdrend Jayanty

Preferred Values (k=k,+k,+k3)

k=1.5x10 1% cm® molecule ' s™!, independent of tem-
perature over the range 200-350 K.
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Comments on Preferred Values 2J. A. Davidson, H. I. Schiff, G. E. Streit, J. R. McAfee, A. L. Schmelt-
The preferred value dfat 298 K is the mean of the results  ekopf, and C. J. Howard, J. Chem. Phgg, 5021 (1977).

of Davidsonet al? and Amimotoet al.® and the temperature 3S. T. Amimoto, A. P. Force, R. G. Gulotty, and J. R. Wiesenfeld, J. Chem.

dependence is that from Davidsehal? Phys.71, 3640(1979.

The branching ratios are based on the measurements J€- L Lin and W. B. DeMore, J. Phys. Cheffr, 863 (1973.
g @ . K. M. Jayanty, R. Simonaitis, and J. Heicklen, Int. J. Chem. Ki@gt.

Lin and DeMore; Jayantyet al,® Addisonet al,® Casavec- 197 (1976,
chiaet al,” Satyapakt al.? and Matsumiet al? In addition, ®M. C. Addison, R. J. Donovan, and J. Garraway, J. Chem. Soc. Faraday
the experiments of Wine and RavishankraMatsumi Discuss67, 286 (1979.

et al.’ and Takahasheét al!® have shown that the yield of ’P. Casavecchia, R. J. Buss, S. J. Sibener, and Y. T. Lee, J. Chem. Phys.
O(%P) atoms is small or zero. The 248 nm pulsed laser pho-, 73 6351(1980.
tolysis study* of O;—CH, mixtures with low-pressure FTIR > Stayapal, J. Park, R. Bersohn, and B. Katz, J. Chem. PAly$873

L . (1989.
emission Spectroscopy to monitor the H©rOdUCt’ has pro- %Y. Matsumi, K. Tonokura, Y. Inagaki, and M. Kawasaki, J. Phys. Chem.

vided evidence that the partitioning of energy in the vibra- g7 gg16(1993.

tionally excited HO radicajup ton=4, the maximum allow-  1°NAsA Evaluation No. 12, 1997see references in Introductipn

able based on the energetics of the reagtismonstatistical. 'IUPAC, Supplement V, 199%see references in Introduction

12p_ H. Wine and A. R. Ravishankara, Chem. Pt88;.365 (1982.
References 18K, Takahashi, R. Wada, Y. Matsumi, and M. Kawasaki, J. Phys. Chem.

100, 10145(1996.

p. M. Aker, J. J. A. O'Brien, and J. J. Sloan, J. Chem. Pi8.745
(19886.

1 Davidson, C. M. Sadowski, H. I. Schiff, G. E. Streit, C. J. Howard,

J. A
D. A. Jennings, and A. L. Schmeltekopf, J. Chem. Plt.57 (1976.

HO + CH, — H,O + CHs

AH°=—-59.9 kimol™*

Rate coefficient data

k/cm® molecule ts7* Temp./K Reference Technique/Comments
Absolute Rate Coefficients

(4.3+0.9)x107*? 1234+ 15 Bott and Cohen, 1989 SH-RA

1.59x 10 2° T284 exp(—978/T) 223-420 Vaghjiani and Ravishankara, 1991 PLP-LIF

6.35x10 1 298

4.0x 1072 exd —(1944+ 114)/T] 278-378 Finlayson-Pittet al, 1992 DF-RF

5.87x10 298

9.65x 1020 T258 exp(—10821T) 293-800 Dunlop and Tully, 1993 PLP-LIF (a)

(5.62+0.43)x 10" 1° 293

2.56x 10”2 ex{{ —(1765+ 146)/T] 233-343 Melloukiet al., 1994 PLP-LIF

(6.34+0.88)x 10 *° 298

1.89x 10720 T?82 exd —(987+6)/T] 195-296 Gierczalet al, 1997 PLP-LIF/

(6.40+0.38)x 107 1° 298 FP-LIF(b)
Reviews and Evaluations

2.45x10 2 exp(—1775IT) 220-300 NASA, 1997 (c)

9.65x 10 20 T258 exp(—10821T) 223-1234 Atkinson, 1947 (d)

2.3x10 2 exp(—1765TT) 240-300 IUPAC, 1997 (e

Comments Ravishankara(T = 223—420 K) obtained using a simi-

(@ The temperature-dependent expression ditethat for lar technique, and therefore covers the temperature

the rate coefficients of Dunlop and Tully(T range 195-420 K.
—293-800 K) combined with those of Vaghjiani and (c) The 298 K rate coefficient was based on the absolute

Ravishankara (T=223-420 K) and as such covers rate coefficient data of Vaghjiani and Ravishankara,
the temperature range 223—800' K. Finlayson-Pittset al.® Dunlop and Tully? Saunders
10 H 5 H 6
(b) The temperature-dependent expression cited is that for ~ €t al,” Mellouki et al.” and Gierczalet al,” and the
the rate coefficients of Gierczaketal® (T temperature dependence was derived from those of

=195-296 K) combined with those of Vaghjiani and Vaghjiani and RavishankafaFinlayson-Pittset al,>

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999
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Dunlop and Tully* Mellouki etal,® and Gierczak temperature ranges. The temperature-dependent expression

et al® at temperatures<300 K. obtained by Gierczalet al® from a fit of their dat& and
(d) Derived from the absolute rate coefficient data of Dun-those of Vaghjiani and Ravishankarta the three-parameter
lop and Tully* and Vaghjiani and Ravishankata. equation k=CT" exp(—D/T) is accepted, of k=1.89

(e) Derived from the absolute rate coefficient data of Dun-x 10~ 2°T2#2 exp(—987/T) cm® molecule *s™* over the
lop and Tully and Vaghjiani and Ravishankafalhe  temperature range 223—420 K. The preferred Arrhenius ex-
temperature-dependent expression obtained by Dunlopression,k=A exp(—B/T) is centered at 265 K and is de-
and Tully* from a fit of their data and those of rived from the three-parameter equation Witk C€"T" and
Vaghjiani and Ravishankarao the three-parameter B=D-+nT. The recommended three-parameter expression
equation k=CT" exp(—DIT), of k=9.65 leads to calculated rate coefficients at 800 and 1234 K which
X 10207258 exp(—1082T) cm® molecule *s™* over  are within 12% and 3%, respectively, of the values measured
the range 223-800 K was accepted. The preferrethy Dunlop and Tull§ at 800 K and Bott and Cohen at 1234
Arrhenius expressiork=A exp(—B/T), was centered K.!
at 265 K and was derived from the three-parameter The preferred values differ slightly from our previous rec-

equation withA=CeT" andB=D+nT. ommendation, IUPAC, 1997which was based on the
temperature-dependent expression obtained by Dunlop and
Preferred Values Tully* from a fit of their dat& and those of Vaghjiani and
Ravishankard.The present three-parameter recommendation
k=6.4x10"*° cm®* molecule ! s™* at 298 K. yields rate coefficients which are 13% higher at 195 K, 6%
k=2.15<10"'? exp(~17351) cn?® molecule * s™* over  higher at 298 K, 5% higher at 400—500 K, 10% higher at 800
the temperature range 240—-300 K. K and 17% higher at 1234 K than those calculated from our

previous recommendation, IUPAC, 1997.
Reliability
A log k=+0.08 at 298 K.

A(E/R)= =100 K. References

1J. F. Bott and N. Cohen, Int. J. Chem. Kin&t, 485 (1989.
Comments on Preferred Values 2G. L. Vaghjiani and A. R. Ravishankara, Natufeondon 350, 406

The absolute rate coefficients of Vaghjiani and (1992

. . . 3B. J. Finlayson-Pitts, M. J. Ezell, T. M. Jayaweera, H. N. Berko, and C. C.
Ravishankarg, Finlayson-Pittset al.> Dunlop and Tully* Lai Geop)r:ys. Res. Letto, 1371(1992, Y

Mellouki et al,® and Gierczalet al® are in good agreement. 4. R. Dunlop and F. P. Tully, J. Phys. Che®7, 11148(1993.
However, over the temperature range250—-420 K these °A. Mellouki, S. Teon, G. Laverdet, A. Quilgars, and G. Le Bras, J. Chim.

. N : ; . Phys.91, 473(1994.
rate coefficients of Vaghjiani and Rawshank%ulanlayson 6T. Gierczak, R. K. Talukdar, S. C. Herndon, G. L. Vaghjiani, and A. R.

Pitts et a!s., Dunlop and Tully} Mellouki et al, and_ Gierc- Ravishankara, J. Phys. Chem.1a1 3125(1997.
zak et al.’> are ~20% lower than most of the previously re- 7NASA Evaluation No. 12, 1997see references in Introductipn
ported absolute rate coefficierifs. 8R. Atkinson, J. Phys. Chem. Ref. D&28, 215(1997.

; 9IUPAC, Supplement V, 1997see references in Introductipn
The preferred values are derived from the absolute rat@)s. M. Saunders, K. J. Hughes, M. J. Pilling, D. L. Baulch, and P. L.

coefficient data of Vaghjiani and Ravishankaend Gierc- Smurthwaite, Proc. SPIE715 88 (1993.
zaket al.® both conducted over significant, and overlapping,*R. Atkinson, J. Phys. Chem. Ref. Datdpnograph 2, 1 (1994.

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999
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HO + CZHZ + M — C2H20H + M

AH°=—147 k3mol™*

Low-pressure rate coefficients

Rate coefficient data

ko /cn molecule* st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(3+1)x10 %0 (T/300)*°[Ar] 297-429 Perry and Williamson, 1982 FP-RF(a)
(6+3)x10 %0 [He] 298 Hacket al, 198% DF-EPR(b)
(2.5+0.3)x 107 %0 [Ar] 295 Schmidtet al, 1985 PLP-LIF (c)
5x10730[N,] 298 Wahner and Zetzsch, 1985 PLP-A (d)
(4.1+1.6)X 107 3°[N,] 298 Bohn, Siese, and Zetzsch, 1996 PLP-A (e)
4.3x10°2° (T/300) 3! exp(—910/T) [He] 300-814 Fulleet al, 1997 PLP-LIF (f)
2.1x 10 %°[He] 298
Reviews and Evaluations
5.6x 10 3°[Ar] 228-300 Smith, Fairchild, and Crosley, 1984 (9
5% 10730 (T/298) *°[N,] 230-500 Atkinson, 1989 (h)
5.5x 1073 [air] 200-300 NASA, 1997 0
5x 10 %° (T/300) *°[N,] 200-300 IUPAC, 199 ()
Comments (g) Theoretical evaluation of the data of Perry and

(@

(b)

(©

(d)

(e

(f)

Williamsont and Michaelet al,*? using F.=0.6 and

k.(300 K)=8.3x10 ** cm® molecule * s%. Simula-

tion of ko up to a temperature of 1400 K.

Temperature dependence based on data from Refs. 1,
11, and 12 in accord with evaluation from Ref. 7. Ab-
solute value at 298 K based on data from Refs. 3 and 4.
Based on the analysis of Smitt al,” which includes

Photolysis of HO—GC,H, mixtures with Ar diluent at
between 26 and 530 mbar. Pressure dependence ob-
served in agreement with earlier work'? Evaluation )
of the falloff curve withF.=0.5.

Pressures around 2.6 mbar were used. By the use of
data from Ref. 1 andr.=0.5, a falloff analysis of the 0)

measured leads to the giverk, value. data from Refs. 1, 11, 12, and 13.

Experiments in He, Ar, and Nat pressures between 1 (j)  Based on the data from Refs. 3 and 4 in the falloff
and 1000 mbatin Ar). Construction of falloff curve range together with the theoretical analysis from Ref.
with F.=0.6 leading tok.,=(8.3+0.8)x10 **cm® 7.

molecule ts™1.

Experiments in N over the range 20—1000 mbar. Fall-

off curve constructed with-.=0.6 leading tok,=9 Preferred Values

x 10" 13 cm® molecule s

Experiments with M=N,,0,, and synthetic air at pres-  Ko=5X10"*(T/300)"** cm® molecule *s™* over the
sures from 15-1000 mbar. Falloff extrapolation with €mperature range 300-800 K.

F.=0.6. Effective rate coefficients for HO radical re-

moval in O, and synthetic air were markedly lower Reliability

than in N, due to HO radical regeneration by the reac- A logky==0.1 at 298 K.

tion GH,OH+0,—HO+products, which shows evi- An==*15.

dence for an influence of the extent of vibrational de-

excitation of GH,OH. Comments on Preferred Values

Pressure range 2 mbar-130 bar of He. Falloff The preferred rate coefficient at 298 K is based on the
curves were constructed with the present and earliegxperimental data of Schmidt al.®> Wahner and Zetzsch,
datd using a calculated F;={0.17 exp(-51/T)  and Bohnet al® and the theoretical analysis of Smithal’
+exp(—T/204)}, i.e., F(298 K)=0.37. From a third- The temperature dependence is based on the data of Perry
law analysis of the equilibrium constant, the valueet al,** Michael et al,*? and Perry and Williamsdnas dis-
AH°(0 K)=—(146+10) kJ mol't was derived. The cussed and evaluated by Atkinsbrt temperatures above
equilibrium constant obtained at temperatures above-500 K another component of the rate coefficient with a
700 K is given byK,=5.4x10 2T~ 17 exp(17560T)  much stronger temperature dependence also has to be taken
bar . into account The preferred values should be used in con-

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999
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nection with the calculateB . values from Fullest al® such ~ and 1 bar with the results from Fullet al® at 2 to 80 bar

as given in commentf) of k,. Fulle et al® provide a set of shows considerable inconsistencies. Earlier measurements
falloff curves from 250 to 1200 K and from 0.26 to 80 bar appeared to level off below 1 bar while Fulkt al® find
which relate the low temperature—low activation energy refalloff curves leading td.. considerably higher than previ-
gime with the high temperature—high activation energy re-ous extrapolations. This influences the construction of falloff
gime. A comparison of earlier data at pressures between 0.Cdurves and the extrapolation kg.

High-pressure rate coefficients

Rate coefficient data

k.. /cm® molecule* st Temp./K References Technique/Comments
Absolute Rate Coefficients
(6.91+0.90)x 10713 297 Perry and Williamson, 1982 FP-RF(a)
(8.3+0.8)x10° 13 295 Schmidtet al, 1985 PLP-LIF (b)
9x10°13 298 Wahner and Zetzsch, 1985 PLP-A (c)
(8.5+0.6)x10713 298 Bohn, Siese, and Zetzsch, 1996 PLP-A (d)
8.5x 10712 exp(—705/T) 333-1273 Liu, Mulac, and Jonah, 1988 (e
8.0x107 13 298"
3.8x10 * exp(—910/T) 300-814 Fullest al, 1997 PLP-LIF (f)
1.8x10 12 298
Relative Rate Coefficients
(8.4+1.4)x10713 298 Atkinson and Aschmann, 1984 RR (g)
(8.3+1.8)x10713 297+2 Hatakeyama, Washida, and Akimoto, 1486 RR (h)
(7.0+0.7)x10713 297+2 Arnts, Seila, and Bufalini, 1989 RR (i)
Reviews and Evaluations
9.4x 10712 exp(—700/T) 230-500 Atkinson, 1989 ()
8.3x 10 13 (T/300) 200-300 NASA, 1997 (k)
9.0x 1073 (T/300) 200-300 IUPAC, 199 0)
Comments +0.025 is placed on an absolute basis by use of a rate
coefficient of k(HO+cyclohexane¥7.19x10 12

(@ See commenta) for kg.

(b) See commentc) for kg.

(c) See commentd) for k.

(d) See commente) for kg.

(e) Pulse radiolysis technique with resonance absorption
measurement of HO radicals. Measurements were con-
ducted at 1 bar of Ar.

(f) See commentf) for k.

(99 HO radicals were generated by the photolysis of
CH;ONO in CH;ONO-NO-GH,—cyclohexane—air
mixtures at 1 bar total pressure. The concentrations o
acetylene and cyclohexane were measured by GCU)
The measured rate coefficient ratio is placed on
an absolute basis by use of a rate coefficient of

cm® molecule 157118

(i) HO radicals were generated by the photolysis of
CH3;ONO in air at 1 bar pressure. The concentrations of
acetylene and ethanghe reference compoupdvere
measured by GC. The measured rate coefficient ratio of
k(HO+C,H,)/k(HO+ethane) 2.84+ 0.26 (two stan-
dard deviationsis placed on an absolute basis by use
of a rate coefficient ok(HO-+ethane}2.46x10 13
cm® molecule 1 s (this evaluation

j) See commenth) for kg .

?) See commenti) for k.

See commentj) for k.

k(HO+cyclohexane¥ 7.21x 10~ *2 cm® molecule * Preferred Values
—1 18
st .
(h) HO radicals were generated by photolysis of04 in No recommendation.

air at 254 nm. The concentrations of acetylene and cy-

clohexane(the reference compoupdvere monitored Comments on Preferred Values

by FTIR spectrometry. Measurements were carried out The measurements of Fullet al.® carried out at total

at 1 bar pressure in air. The measured rate coefficierppressures of He diluent of 2-130 bar, show that the rate
ratio k(HO+C,H,)/k(HO+cyclohexaneyr 0.116  coefficientk continues to increase markedly with increasing
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pressure for pressures above 1 bar. Fetlal® obtainedk., References

=3.8x10 1 exp(—910/T) cm® molecule *s, with k.

=1.8x10 2 cm®molecule*s™! at 298 K and k=1.4

X102 cm® molecule ' s~ at 298 K and 1 bar of He, with  *R. A. Perry and D. Williamson, Chem. Phys. Le38, 331 (1982.
F.={0.17 exp(51/T) +exp(-T/204)y for M=He (F, 2W. Hack, K. Hoyermann, R. Sievert, and H. Gg. Wagner, Oxid. CoBm.
=0.37 at 298 K. The results of this study of Fulket al® are, 101 (1983.

however, inconsistent with several previous absolute rate co>V- Schmidt, G. Y. Zhu, K. H. Becker, and E. H. Fink, Ber. Bunsenges.
efficient studies®>11-4and with the relative rate coeffi- NS Chem8s, 321 (1985.

. . _ . N . . “A. Wahner and C. Zetzsch, Ber. Bunsenges. Phys. CB&ng23(1985.
cient studies®*” which indicate a rate coefficient at room . ges. Phys. CBOng23(1983
. B. Bohn, M. Siese, and C. Zetzsch, J. Chem. Soc. Faraday B2ans459
temperature and 1 bar of air or ,Nof (8-9) (1996.
X 10~ " cm® molecule ' s%. The relative rate studies of At-  sp, Fulle, H. F. Hamann, H. Hippler, and C. P.ndah, Ber. Bunsenges.

kinson and Aschmant?, Hatakeyamaet al,'® and Arnts  Phys. Chem101 1433(1997.
et al,’” measured the disappearance rate of acetylerelin  ’G. P. Smith, P. W. Fairchild, and D. R. Crosley, J. Chem. PBYs2667
bar of air; however, the HO radical reaction with acetylene iss(19849-_
slow and measurements of this rate coefficient using relativ%EAgt:'rl‘;oT’ Jt'_ Phﬁ- 'i‘;f' 1%%"*0”09?9“ 11 (,19:3?' et
rate methods may be subject to significant uncertainty. valuation No. 12, 199%see references in Introduction
. 1517 . IUPAC, Supplement V, 1997see references in Introduction
Clearly, relative rate studits*’and absolute rate studies

1R, A. Perry, R. Atkinson, and J. N. Pitts, Jr., J. Chem. PI6&f.5577
conducted up tos1 bar total pressuté>'**'ead to a (1977,

rate coefficient at~1 bar pressure of air or Nmarkedly 123 v. Mmichael, D. F. Nava, R. P. Borkowski, W. A. Payne, and L. J. Stief,
lower (by ~40%) than that calculated from the study of J. Chem. Phys73, 6108(1980.
Fulle et al.® with the earlier absolute studfes>1121%|so  ®A. V. Pastrana and R. W. Carr, Int. J. Chem. Kir&t587 (1974.
. 14 :

Ieadlng to a markedly lower value &, at room tempera- 15A. L|u,. W. A. Mulac, and C. D. Jonah, J. Phys. Chem, 5942(1988.
ture. In view of these inconsistencies, we make no recom;, - Atkinson and S. M. Aschmann, Int. J. Chem. Kir, 259 (1984

. . . . S. Hatakeyama, N. Washida, and H. Akimoto, J. Phys. CH#n173
mendation concerning either the rate coefficientor the 986
rate Coefﬂ_C'enk at 298_ Kand 1 bar of air. Further absolute 175 rnts, R. L. Seila, and J. J. Bufalini, J. Air Pollut. Control Ass38;.
(and relative rate studies are urgently needed to resolve the 453 (1989.

above noted discrepancies. 18R, Atkinson, J. Phys. Chem. Ref. Da8, 215(1997.

HO + C2H4 + M b C2H4OH + M
Low-pressure rate coefficients

Rate coefficient data

ko /cm® molecule * st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
5.5 107 ?° [Ar] 296 Zellner and Lorenz, 1984 PLP-RF(a)
(6.1+1.2)X 10722 [N,] 300 Kuo and Lee, 1991 DF-RF (b)
(5.2+1.1)X1072°[0,] 300
4.1X 10 2% (T/300) 34 [He] 300-800 Fulleet al, 1997 PLP-LIF (c)
Relative Rate Coefficients
(9.5°3%x 10 2 [air] 295 Kleinet al, 1984 RR (d)
(5.9 39 x1072°[Ar] 295
Reviews and Evaluations
6x1072° (T/298) * [air] 295-420 Atkinson, 1994 (e)
1.0x 102 (T/300) °2 [air] 200-300 NASA, 1997 (f)
7x102° (T/300) 31[N,] 200-300 IUPAC, 1997 (9)
Comments (b) Pressure range 0.4—66 mbar. HO radicals were gener-

ated by reaction of H atoms with excess NO. Data ex-

trapolated usindg-.=0.7.

(c) The pressure was varied between 1 mbar and 150 bar.
Falloff curves were also constructed using earlier rate

(@ Pressure range 4-130 mbar, temperature range 296—
524 K. Falloff extrapolation using.=0.8.
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data with a calculated F.=0.21 exp(2201T) (g) Based on the rate data of Ref. 2 and combined with
+exp(—=T/305) and F(300)=0.47. The value measurements from Refs. 1 and 3; falloff curves were
AH°(0 K)=—(123+6) kJ mol'! was derived from a constructed with.=0.7.

third-law analysis of the equilibrium constaKt, for

which K.=2.1x10 2T~ %% exp(14780T) bar ! was

obtained from measurements performed at 646—803 K

and He pressures up to 140 bar.

(d) HO,NO,—NO system used as source of HO rqdicals. Preferred Values
Reaction of HO radicals with £, was studied in a
420 L glass reactor relative to HEn-hexane where  ko=7x10"2%(T/300) 3! [N,] cm®molecule*s™* over
the latter reaction was calibrated against absolute medhe temperature range 200—300 K.
surements of the reaction H-butane[k(295 K)
=2.53x10 2 cn® molecule ' s™!].  Pressure range Reliability
1.3-1000 mbar, falloff curves constructed with, A logky==+0.3 at 298 K.
=07 _ An==+2.
(e) Detailed review of all earlier data. The temperature de-
pendence based on the work of Kuo and 1aad a
previous evaluatidhwas adopted. Comments on Preferred Values
(f) Based on data of Tully, Davis et al,'® Howard!? Because of the smaller scatter of the data from Ref. 1, as
Greiner'2 Morris etal,’® and Overend and Wwell as of the lower data from earlier studies, an average of
Paraskevopould$ in He, Atkinsonet al!®in Ar, and  the available results was preferred with heavier weight given
Lloyd et al,'® Cox” and Kleinet al* in N,—O, mix-  to the smaller values df,. Falloff curves are constructed
tures. with the calculated~.=0.48 from Ref. 3.
High-pressure rate coefficients
Rate coefficient data
k.. /cm® molecule* st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(8.47+0.24)x 10712 291 Tully, 1993 PLP-LIF (a)
3.3xX10 12 exd (320+ 150)/T] 296-524 Zellner and Lorenz, 1984 PLP-RF(b)
9.7x10 12 298
(9.4+1.6)x1071? 298 Nielsenet al, 1990 (c)
(7.7+1.0)x10 12 298 Becker, Geiger, and Wiessen, 1491 PLP-LIF (d)
1.0x10 1 300-800 Fullest al, 1997 PLP-LIF (e)
Relative Rate Coefficients
(8.11+0.37)x 10 *2 299+2 Atkinsonet al, 1982° RR (f)
(8.5+0.6)x 1012 295 Kleinet al, 1984 RR (g)
Reviews and Evaluations
9.0x10 12 (T/298) ** 290-525 Atkinson, 1994 (h)
8.8x 10 12 200-300 NASA, 1997 ()
9x10 12 200-300 IUPAC, 1997 ()
Comments bar of synthetic air. Numerical simulation with a

(@

(b)
©)

(d)

mechanism of 12 reactions.

See commengc) for k.

(f) HO radicals were generated by photolysis of ONO
in presence of air containing NO. Concentrations of
ethene and cyclohexangéhe reference compouid

Higher end of falloff curve at 66—790 mbar; tempera- ©
ture range 291-591 K.
See commenta) for kg .
Pulse radiolysis of BD—Ar mixtures. HO monitored

by UV absorption at 309 nm. Rate coefficient deter- were measured by GC. The rate coefficient ratio
mined at a total pressure of 1 bar. of k(HO-ethene)k(HO+cyclohexane¥ 1.12+0.05
Experiments were carried out at a total pressure of 1 is placed on an absolute basis by use of a rate
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coefficient of k(HO+cyclohexaney7.24x 10 12 References
cn® molecule ' 5. 1R. Zell dK. L J. Phys. Che88, 984 (1984
. Zeliner an . Lorenz, J. yS. ebg, .
(9 See commentd) for ko. 2C.-H. Kuo and Y.-P. Lee, J. Phys. Che8, 1253(1991.
(h) See commente) for k. 3D. Fulle, H. F. Hamann, H. Hippler, and C. P:ndah, Ber. Bunsenges.
(i) See commentf) for k. Phys. Chem101, 1433(1997.

4Th. Klein, I. Barnes, K. H. Becker, E. H. Fink, and F. Zabel, J. Phys.
Chem.88, 5020(1984).
5R. Atkinson, J. Phys. Chem. Ref. Datonograph 2, 1 (1994.
Preferred Values SNASA Evaluation No. 12, 1997see references in Introductipn
"IUPAC Supplement V, 1997see references in Introduction

k=7.9x10 2 cm® molecule st at 298 K and 1 bar of  °R. Atkinson, J. Phys. Chem. Ref. Da#onograph 1, 1 (1989.

air. le. P. Tully, Chem. Pr‘ys. LetQG,h]_.f?B(l%S). ; .
k.=9.0x10 *? cm® molecule s, independent of tem- 855,;1.'33%',262‘ 1?8‘;537;: Schiff, R.T. Watson, and W. Bollinger, .J.

perature over the range 200—300 K. 11C. J. Howard, J. Chem. Phy85, 4771(1976.

12N, R. Greiner, J. Chem. Phy§3, 1284(1970.

13E. D. Morris, Jr., D. H. Stedman, and H. Niki, J. Am. Chem. S%;.3570

(j) See commentg) for k.

Reliability (1972).
A logk,==*0.3 at 298 K. 14R. P. Overend and G. Paraskevopoulos, J. Chem. Biy§74 (1977.
An=+05 5R. Atkinson, R. A. Perry, and J. N. Pitts, Jr., J. Chem. Plé.1197
= (1977.

A, C. Lloyd, K. R. Darnall, A. M. Winer, and J. N. Pitts, Jr., J. Phys.

Comments on Preferred Values Chem.80, 789(1979.
R. A. Cox, Int. J. Chem. Kinet. Symf, 379 (1975.

The preferred value is similqr to those referresd to irl RefSisq 5. Nielsen, O. Jorgensen, M. Donlon, H. W. Sidebottom, D. J.
3, 5, and 19. The recent experiments by Fell@l.> confirm O'Farrell, and J. Treacy, Chem. Phys. Let68 319 (1990.
temperature independekt values’ Falloff curves should be 1929 H]-) Becker, H. Geiger, and P. Wiesen, Chem. Phys. Lk, 256

; ; ; 199)).
(:_alcu'ated with the theoretical _EXpression fOF? 2R, Atkinson, S. M. Aschmann, A. M. Winer, and J. N. Pitts, Jr., Int. J.
=0.21 exp(-220/T) +exp(=T/305) which probably applies  chem. Kinet.14, 507 (1982.

to M=He as well as N 21R. Atkinson, J. Phys. Chem. Ref. D2, 215(1997).
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HO + C2H6 e Hzo + C2H5

AH°=-76.2 kdmol™*

Rate coefficient data

k/cm® molecule* s7* Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(2.90+0.60)x 10 13 296 Howard and Evenson, 1976 DF-LMR
(2.6+0.4)x10713 298 Leu, 1979 DF-RF
8.0x10™ 238 Margitan and Watson, 1982 PLP-RF
1.43x 10" 4 T105 exp(—911T) 297-800 Tully, Ravishankara, and Carr, 1983 FP-RF
(2.59+0.21)x 10 1® 297
1.80x 10~ ! exf —(1240+ 110)/T] 240-295 Smittet al, 1984 FP-RF
(2.63+0.10)x 10 *® 295
2.75x10 18 295 Devolderet al, 1984 DF-RF
(2.67+0.40)x 10713 295+2 Baulch, Campbell, and Saunders, 1985 DF-RF
8.51x 10 8 T296 exp(—430/T) 293-705 Tullyet al, 1986 PLP-LIF
(2.39+0.10)x 10713 292.5
(1.27+0.08)x 10713 248 Stachnik, Molina, and Molina, 1986 PLP-RA
(1.29+0.09)x 10713 248
(2.51+0.06)x 10" %3 297
(2.50+0.06)x 10 13 297
(2.77+0.3)x 10 3 296+2 Bourmada, Lafage, and Devolder, 1487 DF-RF
8.4x 10712 exd —(1050*+ 100)/T] 226-363 Wallington, Neuman, and Kurylo, 1987 FP-RF
(2.30+0.26)x 10713 296
(2.61+0.13)x10 3 296 Zabarnick, Fleming, and Lin, 1988 PLP-LIF
(2.38+0.16)x 10" %3 297+2 Abbatt, Demerjian, and Anderson, 1930 DF-LIF
(1.54+0.24)x 10 % 1225 Bott and Cohen, 19%1 SH-RA
1.03x 10~ ** ex —(1108+ 40)/T] 231-377 Talukdaet al, 1994° PLP-LIF
(2.43+0.13)x10° 13 298
8.37x 10712 970 Koffend and Cohen, 1946 SH-RA
(2.55+0.3)x 10 %2 300 Donahueet al, 19967 DF-LIF
(2.59+0.08)x 10 3 300 Donahue, Anderson, and Demerjian, 1§98 DF-LIF
(3.55+0.11)x 10713 325
(3.90+0.12)x 10 *® 340
(4.38+0.23)x10 18 360
(5.61+0.17)x 1013 375
(6.04+0.18)x 10 1® 390
Reviews and Evaluations
8.7X 10" *2 exp(—1070T) 220-380 NASA, 1997 (@
1.52<10 17 T? exp(—498/T) 226-1225 Atkinson, 1997 (b)
7.9X 10 *2 exp(—1030T) 240-300 IUPAC, 1997 (0
Comments Cohen'* Talukdaret al,*® Koffend and Coher® and

(@ The 298 K rate coefficient was derived from the data of
Tully etal,® Wallington etal,'' Abbatt etal,®
Schiffmanet al,?® Talukdaret al,'® and Anderson and
Stephengunpublished data, 1994using a temperature
dependence oE/R=1070 K to recalculate the re-
ported room temperature data to 298 K. The tempera-
ture dependence was derived from the data of Walling-
ton etal,!! Talukdar etal,'® and Anderson and
Stephengunpublished data, 1994

(b) Derived from the absolute rate coefficient data of
Howard and Evensohleu? Margitan and Watson,
Tully et al,*® Smith et al,® Devolderet al,® Baulch
et al,” Stachniket al.® Bourmadaet al,'° Wallington
et al,!* Zabarnick et al.*? Abbatt et al,** Bott and

(©
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Donahueet all” These data were fitted to the three-

parameter equatiok=CT? exp(—D/T).

Derived using the absolute rate coefficient data of
Howard and Evensohleu? Margitan and Watson,
Tully et al,*® Smith et al,> Devolderet al.® Baulch

et al,” Stachnicket al.® Bourmadaet al,'° Wallington
etal,'! Zabarnick etal,'> Abbatt etal,”® and
Talukdar et all® These absolute rate coefficient
data were fitted to the three-parameter equation
k=CT? exp(—DIT), resulting in k=152

X 10" 172 exp(—499/T) cm® molecule s ! over the
temperature range 226—800 K. The Arrhenius expres-
sion,k=A exp(—B/T), was centered at 265 K and was
derived from the three-parameter equation with
A=Ce’T? andB=D +2T.
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Preferred Values 3J. J. Margitan and R. T. Watson, J. Phys. Ch&6).3819(1982.
4F. P. Tully, A. R. Ravishankara, and K. Carr, Int. J. Chem. Kih8f.1111
k=2.5x10 13 cm® molecule * s* at 298 K. (1983.

k=7.8x10 12 exp(—1025T) cm® molecule s ! over 5C. A. Smith, L. T. Molina, J. J. Lamb, and M. J. Molina, Int. J. Chem.

the temperature range 240—300 K. (Kinet. 16, 41(1984.
P. Devolder, M. Carlier, J. F. Pauwels, and L. R. Sochet, Chem. Phys.

Lett. 111, 94 (1984).
Reliability D. L. Baulch, I. M. Campbell, and S. M. Saunders, J. Chem. Soc. Faraday
A logk==+0.08 at 298 K. ,Jrans. 181, 259 (1985. , ,
A(E/R) =+100 F. P. Tully, A. T. Droege, M. L. Koszykowski, and C. F. Melius, J. Phys.
- ' Chem.90, 691 (1986.
°R. A. Stachnik, L. T. Molina, and M. J. Molina, J. Phys. Che3f, 2777
(1986.

Comments on Preferred Values 10
. . N. Bourmada, C. Lafage, and P. Devolder, Chem. Phys. 186, 209
The preferred values were obtained by using the absolute(lgsn

rate coefficient data of Howard and Evensobeu? Mar-  u7, 3 Wallington, D. M. Neuman, and M. J. Kurylo, Int. J. Chem. Kinet.
gitan and Watson, Tully et al,*® Smith et al.® Devolder 19, 725(1987.

et al,’ Baulch et al,” Stachnicket al.® Bourmadaet al,X°  '*S. Zabamick, J. W. Fleming, and M. C. Lin, Int. J. Chem. Kirg8, 117
Wallington et al,'* Zabarnicket al,*? Abbatt et al,'® Bott (1988.

133, P. D. Abbatt, K. L. Demerjian, and J. G. Anderson, J. Phys. C .
and Cohert? Talukdar et al,'® Koffend and Coher® and 4566 (1990, ! ys. Chédm

Donahueet al}"*® The absolute rate coefficient data used ini4;_f. Bott and N. Cohen, Int. J. Chem. King8, 1017 (1991).
the evaluatioh ‘8were fitted to the three-parameter equation’*R. K. Talukdar, A. Mellouki, T. Gierczak, S. Barone, S.-Y. Chiang, and
k=CT? exp(-DIT), resulting in k=1.51x10 /T2 A. R. Ravishankara, Int. J. Chem. Kin@6, 973(1994.

16 H
- 1 -1 J. B. Koffend and N. Cohen, Int. J. Chem. Kin28, 79 (1996.
X exp(—497/T) cm® molecule s ! over the temperature 17N, M. Donahue, J. S. Clarke, K. L. Demerjian, and J. G. Anderson, J.

range 226-1225 K. The preferred Arrh(_anius_expresskon, Phys. Chem100, 5821 (1996.

=A exp(—B/T), is centered at 265 K and is derived from the 8N, M. Donahue, J. G. Anderson, and K. L. Demerjian, J. Phys. Chem. A
three-parameter equation with=Ce’T? and B=D+2T. 102, 3121(1998.

The room temperaturehe temperature not being speciﬁied 19NASA Evaluation No. 12, 1997see references in Introductipn

20 i
. . - 22 R. Atkinson, J. Phys. Chem. Ref. D&2§, 215 (1997).
absolute rate coefficient of Schiffmaet al“ is in good 211UPAC, Supplement V. 1997see references in Introduction

agreement with the preferred 298 K rate coefficient, as area_ schiffman, D. D. Nelson, Jr., M. S. Robinson, and D. J. Nesbitt, J.
the relative rate coefficients of Baulel al,>® Edneyet al, > Phys. Chem95, 2629 (1991).

and Finlayson-Pittet al?® 2D, L. Baulch, R. J. B. Craven, M. Din, D. D. Drysdale, S. Grant, D. J.
Richardson, A. Walker, and G. Watling, J. Chem. Soc. Faraday Trans. 1
79, 689 (1983.

References 24E. O. Edney, T. E. Kleindienst, and E. W. Corse, Int. J. Chem. Kit&t.
1355(1986.

1C. J. Howard and K. M. Evenson, J. Chem. PH84.4303(1976. %5B. J. Finlayson-Pitts, S. K. Hernandez, and H. N. Berko, J. Phys. Chem.
2M.-T. Leu, J. Chem. Phys0, 1662(1979. 97, 1172(1993.

HO + C3Hg + M — C3HgOH + M
AH°=—-134 kImol*

Low-pressure rate coefficients
Rate coefficient data

ko /cm® molecule st Temp./K Reference Technique/Comments

Absolute Rate Coefficients
8x10 2 [Ar] 298 Zellner and Lorenz, 1984 PLP-RF(a)

Relative Rate Coefficients
8% 10?7 [Ar] 298 Kleinet al, 1984 (b)
8% 10 % [air]

Reviews and Evaluations
8x10727 (T/300) 3°[N,] 200-300 IUPAC, 1997 (c)
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Comments Reliability
A log ky==1.0 at 298 K.

(@ Pressure range 1.3—170 mbar. Falloff behavior de-
An==*1.

tected, and evaluated with,=0.8.
(b) HO,NO,—NO system used as source of HO radicals.
Reaction studied relative to HEOn-hexane, with the Comments on Preferred Values
latter reaction calibrated against absolute measure- The uncertainty of the extrapolatég is large, because the
ments of the reaction H®n-butane (k=2.53  reaction is close to the high-pressure limit at pressures of 1
X 10"*2 e molgcule S~ at 295 K. Pressure range o The preferred values follow the falloff extrapolations
1'3_1090 m_bar, falloff .effects could be deuECtGd'from Refs. 1 and 2 which show the smallest scatter. Falloff
Evaluation withF.=0.5 gives the preseli, value. . S
. extrapolations are made usiig=0.5 at 300 K. The tem-
(c) Based on the falloff extrapolations from Refs. 1 and 2. A Hicient ok. i timated b | to th
The temperature coefficient &f, is estimated by anal- perature coetncient oko 1S estimated by analogy to the re-
ogy to the reaction H® C,H,+M—C,H,OH+M. action HO+.C2H4+M—>C.2H4OH+M. The recommendations
of our previous evaluation, IUPAC, 199@re unchanged.

Preferred Values

ko=8X10"2/(T/300) 3° [N,] cm®molecule*s™ over
the temperature range 200—-300 K.

High-pressure rate coefficients

Rate coefficient data

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

(3.0+0.5)x10° ¢ 298 Zellner and Lorenz, 1984 PLP-RF(a)
Relative Rate Coefficients

(3.0£0.2)x10 11 295 Kleinet al, 1984 (b)
Reviews and Evaluations

3.0x10° 1 200-300 IUPAC, 199%7 (c)

Comments activation barrier, such as observed in the reaction

(@ See commenta) for kq. HO+C,H,+M—C,H,OH+M. We here prefer a tempera-

(b) See commentb) for kq. ture independent value &f, in contrast to the recommenda-

(c) Based on Refs. 1, 2, and 4—7. tion of Ref. 8. The recommendations of our previous evalu-
ation, IUPAC, 1997 are unchanged.

Preferred Values

k=2.9x10 ! cm® molecule ' s at 298 K and 1 bar of
air.

k.=3.0x10 ' cm?® molecule s, independent of tem-
perature over the range 200-300 K.

References

IR. Zellner and K. Lorenz, J. Phys. CheB8, 984 (1984).

Re“ab”'ty 2Th. Klein, I. Barnes, K. H. Becker, E. H. Fink, and F. Zabel, J. Phys.
A logk.==0.1 over the temperature range 200—-300 K.  chem.88, 5020(1984.
An==x1. 3IUPAC Supplement V, 1997see references in Introductipn

4“CODATA Supplement II, 1984see references in Introduction
SIUPAC, Supplement lil, 1989see references in Introduction

Comments on Preferred Values 50. J. Nielsen, O. Jargensen, M. Donlon, H. W. Sidebottom, D. J.
The preferred values are based on Refs. 1, 2, and 4—7.grarell, and J. Treacy, Chem. Phys. L268 319(1990.

There is an uncertainty about the extent of falloff at tempera-7r. p. Tully and J. E. M. Goldsmith, Chem. Phys. Lt16, 345 (1985.
tures above 300 K and there is the possibility of a small®R. Atkinson, J. Phys. Chem. Ref. Datonograph 2, 1 (1994.
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EVALUATED KINETIC AND PHOTOCHEMICAL DATA 217
HO + C3Hg — H,0 + CH3CH,CH, (1)
AH°(1)=-79.1 kJmol?
AH°(2)=—86.6 kJmol™*
Rate coefficient data (k=k,+k;)
k/cm® molecule* s7* Temp./K Reference Comments
Absolute Rate Coefficients
1.20x 10"t ex —(679+38)/T] 296-497 Greiner, 1970 FP-KS
1.23x10 12 298
(2.62+0.67)x10™ 1! 1220+ 15 Bott and Cohen, 1984 SH-RA
(2.19+0.60)x 10 11 1074 Smithet al, 1985 LH-LIF
(1.20+0.18)x 1012 295+ 2 Baulch, Campbell, and Saunders, 1985 DF-RF
1.04x 10716 T172 exp(—145/T) 293-854 Droege and Tully, 1986 PLP-LIF
(1.10+0.04)x 10712 293
(1.21+0.10)x 1072 297+2 Abbatt, Demerjian, and Anderson, 1§90 DF-LIF
(1.22+0.08)x 10712 298 Mac Leodet al, 1990 PLP-LIF
9.81x 10 *? ex{ — (650+ 30)/T] 233-363 Melloukiet al., 1994 PLP-LIF
(1.05+0.09)x 10 12 295
1.01x 10" ™ ex —(657+ 46)/T] 233-376 Talukdaet al, 1994 PLP-LIF
(1.11+0.04)x 10 12 298
(1.09+0.03)x 10" 12 300 Donahue, Anderson, and Demerjian, 1§98 DF-LIF
(1.37+0.04)x 10712 325
(1.46+0.04)x 10712 340
(1.60+0.09)x 10" 2 360
(1.85+0.06)x 10 12 375
(1.83+0.10)x 1012 390
Reviews and Evaluations
1.0x 10" ! exp(—660/T) 230-400 NASA, 199% (@
1.55x 10717 T2 exp(—61/T) 233-1220 Atkinson, 1997 (b)
8.0X 10" 2 exp(—590/T) 240-300 IUPAC, 1997 (0

Comments

The room temperature rate coefficients of Gremer,
Bradleyet al,'* Tully et al,'® Baulchet al,* Schmidt

et al,'® Droege and Tully, Abbatt et al,® Schiffman

et al,!” Mellouki et al,® Talukdaret al.® and Ander-
son and Stephen@npublished data, 1994vere used

to derive the 298 K value. The temperature dependence
was derived from a least-squares analysis of the rate
coefficients of Droege and Tuflyat temperatures
<400 K, Mellouki et al.? Talukdaret al.® and Ander-
son and Stepher(sinpublished data, 1994with the A
factor being adjusted to fit the 298 K value.

Derived from the absolute rate coefficient data of
Greiner! Bott and Coher, Smith etal,® Baulch

et al,* Droege and Tully, Abbatt et al.® Mac Leod

et al,” Mellouki et al.® and Talukdaret al,® and the
relative rate coefficients of Baket al*®1°and Atkin-
sonet al?’ These data®'8-2°were fitted to the three-
parameter equatiok= CT? exp(—D/T).

Derived from the absolute rate coefficient data of
Greiner! Bott and Coher, Smith etal,® Baulch

et al,* Droege and Tully, Abbatt et al.® Mac Leod

(@

(©)

et al,” Mellouki et al.® and Talukdaret al.® and the
relative rate coefficients of Baket al,®'°and Atkin-
sonet al?° These data®!8-2were fitted to the three-
parameter equatiok=CT? exp(—D/T), resulting ink
=1.54x10 1"T? exp(—60/T) cn’ molecule ' st

over the temperature range 233—-1220 K. The preferred
Arrhenius expressiork=A exp(—B/T), was centered

at 265 K, and was derived from the three-parameter
equation withA=Ce’T? andB=D +2T.

Preferred Values

k=1.10x 10 2 cm® molecule ' s™* at 298 K.
k=8.0x 1012 exp(—590/T) cm® molecule ! st over the

temperature range 240-300 K.

Reliability

A logk==+0.08 at 298 K.
A(E/R)=*+150 K.

Comments on Preferred Values

The absolute rate coefficient data of GreihéBptt and
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218 ATKINSON ET AL.

Cohen? Smithet al.® Baulchet al,* Droege and Tully,Ab-  5A. T. Droege and F. P. Tully, J. Phys. Che@®, 1949(1986.
batt et al.,® Mac Leod et al,” Mellouki et al.® Talukdar  °J. P. D. Abbatt, K. L. Demerjian, and J. G. Anderson, J. Phys. Ciém.
etal,’ and Donahueet al° were used to derive the pre- #566(1990.

H. Mac Leod, C. Balestra, J. L. Jourdain, G. Laverdet, and G. Le Bras, Int.

ferred value. These data were fitted to the three-parameter;”~ .. Kinet22, 1167(1990.

equation k=CT? exp(-D/T), resulting in k=1.54 8A. Mellouki, S. Teon, G. Laverdet, A. Quilgars, and G. Le Bras, J. Chim.
X 10”1 T2 exp(—61/T) cm® molecule 1 s™! over the range  Phys.91, 473(1994.

233-1220 K. The preferred Arrhenius expressidk, °R. K. Talukdar, A. Mellouki, T. Gierczak, S. Barone, S.-Y. Chiang, and
=A exp(—B/T), is centered at 265 K, and is derived from the A R. Ravishankara, int. J. Chem. Kin@6, 973 (1994.
three-parameter equation With=CeT2 and B=D -+ 2T. ?OZI\/ISlDzolnGZL;z J. G. Anderson, and K. L. Demerjian, J. Phys. Chem. A.
The relative rate coefficients of Atkinsoet al,*® Baulch  1iyasA Evaluation No. 12, 1997see references in Introductipn

et al,?! Edneyet al,?? Nielsenet al,?® and Finlayson-Pitts ~ 12R. Atkinson, J. Phys. Chem. Ref. Da28, 215 (1997.

et al?* are in good agreement with the recommended expres:IUPAC, Supplement V, 1997see references in Introductipn

sion, as is the absolute rate coefficient of Schiffrearll? 3 N- Bradley, W. Hack, K. Hoyermann, and H. Gg. Wagner, J. Chem.
at room temperatur@vhich was not specifiedThe preferred 15?3 Eﬁ[@diy;réglas\'lgﬁaiii?;lzzg K_Carr. Int. J. Chem Kifst1111
values are identical to those in our previous evaluation, IU- (1983 ' T o

PAC, 1997*3 although only absolute rate coefficients arev. Schmidt, G. Y. Zhu, K. H. Becker, and E. H. Fink, Ber. Bunsenges
now used in the evaluation and a larger data base is used. Phys. Chem89, 321(1985.

Droege and Tully also measured rate coefficients for thenéi1 SChif;ma”' D'2 Dz' Nle'son' Jr., M.'S. Robinson, and D. J. Nesbitt, J.
reaction of the HO ra_dical with fully and partially deuterated is, )s.- é:al(eejgg,l FS_ s;lfvii?]" and R. W. Walker, Trans. Faraday S6c.
propanes, and derived a value df /k,=226 T 064 2812(1970.

X exp(—8161T), leading tok;=3.0x10 '3 cm® molecule!  *°R. R. Baldwin and R. W. Walker, J. Chem. Soc. Faraday Trais, 140

s at 298 K andk,=8.0x10 %3 cm® molecule*s™! at (1979.
298 K 20R. Atkinson, S. M. Aschmann, W. P. L. Carter, A. M. Winer, and J. N.
) Pitts, Jr., Int. J. Chem. Kineil4, 781 (1982.
21D, L. Baulch, R. J. B. Craven, M. Din, D. D. Drysdale, S. Grant, D. J.

References Richardson, A. Walker, and G. Watling, J. Chem. Soc. Faraday Trans. 1
79, 689(1983.
IN. R. Greiner, J. Chem. Phy§3, 1070(1970. 22E. 0. Edney, T. E. Kleindienst, and E. W. Corse, Int. J. Chem. Kit&t.
2J. F. Bott and N. Cohen, Int. J. Chem. Kin&6, 1557(1984). 1355(1986.
3G. P. Smith, P. W. Fairchild, J. B. Jeffries, and D. R. Crosley, J. Phys?%0. J. Nielsen, H. W. Sidebottom, M. Donlon, and J. Treacy, Int. J. Chem.
Chem.89, 1269(1985. Kinet. 23, 1095(1991.
“D. L. Baulch, I. M. Campbell, and S. M. Saunders, J. Chem. Soc. Farada§*B. J. Finlayson-Pitts, S. K. Hernandez, and H. N. Berko, J. Phys. Chem.
Trans. 181, 259(1985. 97, 1172(1993.
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EVALUATED KINETIC AND PHOTOCHEMICAL DATA 219

HO + CH,CH,CH,CH; — H,0 4+ CH,CH,CH,CH; (1)
— H,0 4+ CH;CHCH,CH;  (2)

AH°(1)=-79.1 kJmol™?
AH°(2)=—88.0 kJmol!

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

k/cm® molecule st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.41x 10" exg — (524+ 93)/T] 298-495 Greiner, 1970 FP-KS
(2.56+0.08)x 10 12 298
(2.35+0.35)x 10" 12 298 Stuhl, 1973 FP-RF
(4.22-0.17)x10 12 298 Gordon and Mulac, 1975 PR-RA
(4.15+0.17)x 1012 381
(4.98+0.17)x 10712 416
1.76x 10" ! exf —(559+ 151)/T] 298-420 Perry, Atkinson, and Pitts, 1976 FP-RF
(2.72+0.27)x 10 12 298
(2.67+0.22)x10 12 297+2 Paraskevopoulos and Nip, 1§80 FP-RA
(2.3+0.3)x10° 12 295 Schmidtet al, 198% PLP-LIF
2.34x 107 T9 exp(134T) 294-509 Droege and Tully, 1986 PLP-LIF
(2.42+0.10)x 102 294
(2.25+0.10)x 10712 297+2 Abbatt, Demerjian, and Anderson, 1§90 DF-LIF
(2.32+0.08)x 10712 ~298 Schiffmanet al., 199 PLP-IR
2.04x10 ¥ T2 ex{(85+8)/T] 231-378 Talukdaet al,, 1994° PLP-LIF
(2.459+0.018)x 10 12 299
(2.43+0.07)x10 12 300 Donahue, Anderson, and Demerjian, 7498 DF-LIF
(2.74+0.08)x 10 12 325
(2.87+0.09)x 10" 12 340
(3.48+0.10)x 10712 375
(3.54+0.11)x 10712 390
Relative Rate Coefficients
9.9x10 12 753 Bakeret al, 19732 Baldwin and Walker, 197§ RR (a)
4.1x10712 298 Morris and Niki, 1974 DF-MS (b)
(2.5+0.7)x 10712 298 Gorse and Volman, 1974 RR (c)
(9.3£0.8)x 1012 653 Hucknall, Booth, and Sampson, 1875 RR (d)
(2.34+0.15)x 10712 292+2 Campbell, Handy, and Kirby, 19¥5 RR (e)
(2.52+0.25)x 10" *? 299+2 Atkinsonet al, 19818 RR (f)
(2.71+0.32)x 10712 295+ 1 Atkinson and Aschmann, 1984 RR (f)
(2.70+0.34)x 10" *? 300+2 Barneset al, 1986° RR (g)
(2.53+0.04)x 10712 300 Behnkeet al, 1988 RR (h)
Reviews and Evaluations
1.69x10 17 T2 exp(145T) 231-753 Atkinson, 1997 ()
Comments (c) HO radicals were produced by the photolysis g0

at 254 nm, and the formation rate of €M irradiated
H,0,—CO-n-butane—Q mixtures at a total pressure of
21-29 mbar16-22 Torj was measured, leading to a
rate  coefficient ratio of k(HO+ n-butane)/
k(HO+CO)=19.4=4.9. This rate coefficient ratio is
placed on an absolute basis by use of a rate coefficient

(@ Derived from the effects of the addition of small
amounts ofn-butane to slowly reacting mixtures of
H,+0,. The loss of H was followed by monitoring
the pressure change due to the reaction,26,
—2H,0, and the loss of-butane was measured by
GC. The rate coefficient ratick(HO+ n-butane)/
k(HO+H,)=13.2 is placed on an absolute basis by use ~ ©f K(HO+CO)=1.3x 10 ** cm’ molecule* s at
of a rate coefficient ofk(HO+H,)=7.51x10 13 298 K (this evaluation
cmB molecule L st at 753 K23 (d) HO radicals were generated by the decomposition of

(b) The rate coefficient was measured relative to that  H20z in a boric-acid coated reaction, and the concen-
for the reaction of the HO radical with propene, trations ofn-butane and propanghe reference com-
of k(HO+propene)1.7x 10" cm® molecule ! s™2, pound were measured by GC. The measured rate co-
determined using the same experimental technfue. efficient ratio of k(HO+ n-butane)k(HO+propane)
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220 ATKINSON ET AL.

=1.54+0.13 is placed on an absolute basis by use of &omments on Preferred Values
rate coefficient of k(HO+propaney 6.02x10 12 The preferred values are based on the absolute rate coef-
cm® molecule st at 653 K22 ficients of Greinet, Stuhl? Perry et al,* Paraskevopoulos
(6 HO radicals were generated by the dark reaction ofnd Nip? Droege and Tully, Abbatt etal,® Talukdar
H,0, in the presence of N© and the C@formation et al,’®and Donahuet al.** The rate coefficients from these
from the HO+CO reaction was measured by GC. From studies®**"#1%Mare fitted to the three parameter expres-
the variation in CQ formation withn-butane/CO con- sion, k=CT?exp(-D/T),  resulting in k=173
centration ratio, a rate coefficient ratio df(HO X 10 *'T? exp(137T) cnv molecule*s™* over the tem-
+n-butane)k(HO+CO)=14.8+0.9 was derived. perature range 231-509 K. The preferred Arrhenius expres-
This rate coefficient ratio is placed on an absolute basision, k=A exp(—B/T), is centered at 265 K and is derived
by use of a rate coefficient ok(HO+CO)=1.58 from the three-parameter expression wik- Ce’T? andB
X 10" 13 cm® molecule st at 292 K and a total pres- =D +2T.
sure of~133 mbar(100 Tor).?® Droege and Tullj also measured rate coefficients for the
(f) HO radicals were generated by the photolysis ofreaction of the HO radical with-butanedlo_, and derived a
CH;ONO in 1 atm of air. The concentrations af  Vvalue of k;/k;=1.035 exp(-536/T), leading to k;=3.5
butane and propenghe reference organiovere mea- < 10”3 cm® molecule*s™* at 298 K and k,=2.06
sured by GC. The measured rate coefficient ratios of<10 *? cm® molecule ' s™* at 298 K.
k(HO+ n-butane)k(HO+propene)= 0.0962+ 0.0093
at (299+2) K!8 and 0.1010.012 at (295 1) K References
are placed on an absolute value using a rate coefficient
of  k(HO+propene}4.85<10 ' exp(504T) cm® 1N R. Greiner, J. Chem. Phys3, 1070(1970.
molecule ! s~ at atmospheric pressure of &fr> °F. Stuhl, 7. Naturforsch28A, 1383(1973.
; i S. Gordon and W. A. Mulac, Int. J. Chem. Kin&ymp. 1, 289 (1975.
(g) .HO .radlcals were g_enerated by the phOtOIySIS QOIZ_' 4R. A. Perry, R. Atkinson, and J. N. Pitts, Jr., J. Chem. Plfys.5314
in air at atmospheric pressure, and the concentrations, ;g4
of n-butane and ethenighe reference compoupavere 5G. Paraskevopoulos and W. S. Nip, Can. J. Ch&812146(1980.
measured by GC. The measured rate coefficient ratio othSchnLidt. G.Y. Z(hu, g H. Becker, and E. H. Fink, Ber. Bunsenges
_ ; Phys. Chem89, 321(1985.
K(HO+n butane)k(HO+ethene}=O.32i 0.04 IS. . A T. Droege and F. P. Tully, J. Phys. Che@f), 5937(1986.
placed on an absolute basis by use of a rate coefficient; p Abbatt, K. L. Demerjian, and J. G. Anderson, J. Phys. ClSém.
of k(HO+ethene)8.44x 10 2 cm® molecule t st 4566(1990.
at 300 K and atmospheric pressure ofZif° °A. Schiffman, D. D. Nelson, Jr., M. S. Robinson, and D. J. Nesbitt, J.
: ; Phys. Chem95, 2629(1991).
(h) HO radlcal.s were .generatEd by the photolyss OflOR. K. Talukdar, A. Mellouki, T. Gierczak, S. Barone, S.-Y. Chiang, and
NOX—Organlc—alr mixtures at atmOSphe”C pressure. p R. Ravishankara, Int. J. Chem. Kin@6, 973 (1994).
The concentrations af-butane andh-octane(the ref-  *N. M. Donahue, J. G. Anderson, and K. L. Demerjian, J. Phys. Chem. A
erence compoundvere measured by GC, and the mea- ,102 3121(1998.

) .
sured rate coefficient ratio ok(HO+ n-butane)/ Eéle' (f;‘gr’ R. R. Baldwin, and R. W. Walker, Trans. Faraday 6c.

k(HO+ n-octane) is placed on an absolute basis by usesg. Rr. Baldwin and R. W. Walker, J. Chem. Soc. Faraday Trais, 140
of a rate coefficient of k(HO+ n-octane)=8.76 (1979.
%1012 cm® molecule 1 s at 300 K22 14E. D. Morris, Jr. and H. Niki, J. Phys. Chem5, 3640(1971).

. . . : SR, A. Gorse and D. H. Volman, J. Photochen115(1974).
(i) Derived from the absolute rate coefficients of Greiher, 16D, 3. Hucknall, D. Booth, and R. J. Sampson, Int. J. Chem. Kignp.

Stuhl? Perryet al,* Paraskevopoulos and NiDroege 1, 301(1975.
and TuIIy,7 Abbattet al.® and Talukdaet al,'®and the  ¥7I. M. Campbell, B. J. Handy, and R. M. Kirby, J. Chem. Soc. Faraday

relative rate coefficient of Bakegt al,***3 using the ~ Trans. 171, 867(1975. _ : :
R. Atkinson, W. P. L. Carter, A. M. Winer, and J. N. Pitts, Jr., J. Air

expressiork=CT? exp(~D/T). Pollut. Contr. Assoc31, 1090(1981).
19R. Atkinson and S. M. Aschmann, Int. J. Chem. Kinks, 1175(1984.
Preferred Values 20| Barnes, V. Bastian, K. H. Becker, E. H. Fink, and W. Nelsen, J. Atmos.
Chem.4, 445(1986.
k=2.4x10 *? cm® molecule * s™* at 298 K. 2lw. Behnke, H. Hollader, W. Koch, F. Nolting, and C. Zetzsch, Atmos.

k=9.0x10 *? exp(—395/T) cm® molecule ' s™* over the ZZE”VAi;E_”- 22, 1J11§*r(]198(3;h Ref. Das, 215(199
~ . Atkinson, J. Phys. Chem. Ref. , )
temperature range 240-300 K. 2D, L. Baulch, C. J. Cobos, R. A. Cox, C. Esser, P. Frank, Th. Just, J. A.

Kerr, M. J. Pilling, J. Troe, R. W. Walker, and J. Warnatz, J. Phys. Chem.
Ref. Data21, 411(1992.

Reliability " X .
E.D.M ,Jr., D. H. Sted , and H. Niki, J. Am. Chem. S8%;.3570
A logk=+0.10 at 298 K. o orris, Jr edman, an iki m. Chem
A(E/R)=*=200 K. 2R, Atkinson, J. Phys. Chem. Ref. Datonograph 1, 1 (1989.
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EVALUATED KINETIC AND PHOTOCHEMICAL DATA 221

HO + CO—H + CO, (1)
HO+CO+M—=HOCO+M (2)

AH°(1)=—104.3 kJmol™*
AH°(2)=—134 kImol™*

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

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

Absolute Rate Coefficients
koi=1.3x 10713 298 Forsteret al, 1995 PLP-LIF (@)
Kop=4.1x 10 3 [He]
K.p=9.7x10"13
ko1=1.8X 10" 12 exp(—2720I) 90-3000 Fulleet al, 1996 PLP-LIF (b)

+1.6x 10712 exp(—60/T)

Koo=1{2.0X 10" %%(T/300) 27

X exp(—490/T)} [He]

k..,=1.8Xx 10 exp(—18501)

+1.5X10 2 exp(—1301)

Reviews and Evaluations

1.5x10 2 [1+(0.6 P/bar) 200-300 NASA, 199%7 ()
1.3x10 *3[1+(0.6 P/bar) (3007)*?)] 200-300 IUPAC, 1997 (d)
Comments Preferred Values
(@ Pulsed laser photolysis experiments up to 150 k=1.3x10 3 1+(0.6 P/bar)(3007)*°] cm® molecule*

(b)

©)

(d)

bar of the bath gas He. The detection of HOs ! over the temperature range 200—300 K and the pressure
radicals was by saturated LIF. The pressurerange<1 bar of N, or air.
dependence ofk; and k, were represented by
Ky =Ko 1—[x/(x+1)]FLL* 0007 ™ and k,=kef(1  Reliability

[1+(logx?] ™t (i — _ A logk=+0.1 at 298 K.
;li-:yl)(/o(j(-il'(:Z}_cho ), an dF;(zvgghK)X:_ol_(gg/_(sz Koo, A logk=+0.2 over the temperature range 200—300 K.
Pulsed laser photolysis experiments over the range 80—

900 K between 1 and 700 bar of the bath gas He. DeComments on Preferred Values
tection of HO radicals was by saturated LIF. The data The preferred values at 298 K are based on the studies of

Forsteret al! and Fulleet al,? and are identical to those in
representation was consistent with statistical unimo- our previous evaluation, [UPAC, 1997The partitioning of
lecular rate theory in the form of comme(d), with the product channels between reactiqts and (2) is in-
Fc=0.84 at 100 K, 0.77 at 200 K, 0.73 at 250 K, and ¢, qeq on the basis of the studies of Forsteal® and Fulle
0.69 at 300 K. Rate data for other bath gases will havey 12 Marked changes with decreasing temperature are also
to be analyzed by analogy to the He data, leading tqyccounted for, consistent with the recent experimental data
different ko, and F values. The reaction enthalpy for of Fulle et al?
reaction (2) was derived from experiments between
600 and 900 K. References
Weighted average of the data of Paraskevopoulos and

. 5 g 7 .
Irwin,”> Hofzumahaus and StUPﬂ, Niki etal, IR. Forster, M. Frost, D. Fulle, H. F. Hamann, H. Hippler, A. Schlepegrell,

DeMore® and Hyneset al® in M=N, and air at pres- _and J. Troe, J. Chem. PhyE03 2949 (1995.

. . 2D. Fulle, H. F. Hamann, H. Hippler, and J. Troe, J. Chem. Ph@§, 983
sures below 1 bar. These experiments all require re- gqq PP 95.

analysis with respect to the partitioninglointo k; and 3NASA Evaluation No. 12, 1997see references in Introductipn

k2 and the respective pressure dependences which, ﬂUPAC Supplement V, 1997see references in Introductipn
Paraskevopoulos and R. S. Irwin, J. Chem. PB@s259 (1984).
temperatures near 200 K, are marked at pressures f"’WA Hofzumahaus and F. Stuhl, Ber. Bunsenges. Phys. Cl3&n557
below 1 bar. (1984.
7 i .
mmen n Preferred Val ] H. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, J. Phys.
See Comments o eferred Values Chem.88, 2116(1984.
8W. B. DeMore, Int. J. Chem. Kinetl6, 1187(1984).
A. J. Hynes, P. H. Wine, and A. R. Ravishankara, J. Geophys. ®Res.
11815(1986.
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HO 4+ HCHO —»H,0 + HCO (1)
—H+HCOOH (2)

AH°=—129.4 kdmol™*
AH°(2)=-91.5 kJmol™*

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

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

1.25x 10" ! ex —(88+ 151)/T] 299-426 Atkinson and Pitts, 1978 FP-RF

(9.4+1.0)x10 12 299

(1.05+0.11)x 10" 1 228-362 Stiekt al, 198¢F FP-RF

(9.86+1.13)x10 12 298

(8.1+1.7)x10 12 296 Temps and Wagner, 1984 DF-LMR

1.66x 10"t ex —(86+40)/T] 296-576 Zabarnick, Fleming, and Lin, 1988 PLP-LIF

(1.25+0.11)x 10" ¢ 298+3

(7.952%) x 10712 298 Yetteret al, 1989 DF-RF

(1.94+0.30)x 10" ¢ 1205+ 16 Bott and Cohen, 1981 SH-RA
Relative Rate Coefficients

(8.40+0.51)x 10 *? 299+2 Niki et al, 1984 (@
Reviews and Evaluations

1.0x10° 220-580 NASA, 199% (b)

8.6x 10712 exp(20T) 240-300 IUPAC, 1997 (c)

Comments Comments on Preferred Values

The absolute rate coefficients of Atkinson and PitBtjef
al,? Temps and Wagnér, Yetter et al,> and Bott and
Coheff and the relative rate coefficient of Nilt al.” (for
formaldehydet3C) were fitted to the three parameter expres-
gions k=CT exp(—DIT) and k=CT? exp(—D/T), resulting

(@ Relative rate measurement. HO radicals were generate&
by the photolysis of methyl or ethyl nitrite in air, and
the concentration of*CH,O and ethenéthe reference
compoundl were measured by FTIR absorption spec-
troscopy during the experiments. The measured rat
coefficient ratio of k(HO+CH,0)/k(HO+ethene)
=0.99+0.06 is placed on an absolute basis by use ofa  k=8.24x10"8T? exp(753/T) cm®molecule*s™?!
rate coefficient of k(HO+ethene)8.48x 10 12
cm® molecule!s™ at 299 K and atmospheric
pressuré? k=1.20<10 T exp(287/T) cm’molecule*s!

(b) The 298 K rate coefficient was the average of the abyar the temperature range 2281205 K. The expredsion

solutle rate coel;ficients determined by Atkinson and_ -~ exp(—D/T) gave a better fit to the data, and the pre-
Pltts,4 Stiefet al, ' Temps and ngnéfand Zaparnlck ferred Arrhenius expressiok=A exp(—B/T), is centered at
etal” The combined data set yielded no evidence forygg  and is derived from the three parameter expression
any temperature dependence of the rate coefficient. v A=CeT andB=D+T. The preferred values are iden-
(c) See Comments on Preferred Values. tical to those in our previous evaluation, [UPAC, 1997.
The product data of Temps and Waghend Niki et al.’
and the kinetic/modeling results of Yettetal®> show that at
298 K this reaction proceeds via pathway) to yield
k=9.2x10 2 cm®* molecule 1 s ! at 298 K. H,O+HCO.
k=8.6x10 *? exp(20m) cm®molecule*s™! over the
temperature range 240-300 K.

Preferred Values

ki/k=1.0 at 298 K. References
Reliability IR. Atkinson and J. N. Pitts, Jr., J. Chem. Ph§8. 3581(1978.
_ 21, J. Stief, D. F. Nava, W. A. Payne, and J. V. Michael, J. Chem. PIgs.
A log k=%0.10 at 298 K. 2254(1980.
A(E/R)==150 K. 3F. Temps and H. Gg. Wagner, Ber. Bunsenges. Phys. CB8M415
A(ky/k)==x0.10 at 298 K. (1984.
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4s. zabarnick, J. W. Fleming, and M. C. Lin, Int. J. Chem. Kirgg, 117 "H. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, J. Phys.

(1988. Chem.88, 5342(1984).
5R. A. Yetter, H. Rabitz, F. L. Dryer, R. G. Maki, and R. B. Klemm, J. 8NASA Evaluation No. 12, 1997see references in Introductipn
Chem. Phys91, 4088(1989. 9IUPAC Supplement V, 1997see references in Introductipn
6J. F. Bott and N. Cohen, Int. J. Chem. Kin28, 1075(1991). 10R. Atkinson, J. Phys. Chem. Ref. Da8, 215(1997.
HO + CH3CHO — H,0 + CH,CO

AH°=—125.3 kJmol™*

Rate coefficient data

k/cm® molecule st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.53x10 298 Morris, Stedman, and Niki, 1971 DF-MS
6.87x 10" 2 ex{{ (257+ 151)/T] 299-426 Atkinson and Pitts, 1978 FP-RF
(1.60+0.16)x 10" 1* 299
7.1x 10 12 exd (165+91)/T] 253-424 Semmest al, 1985 FP-RF
(1.22+0.27)x10" 1! 298
5.52x10 2 ex{ (307+ 52)/T] 244-528 Michael, Keil, and Klemm, 1985 DF-RF
(1.47+0.28)x 10" 1! 298
8.6xX 10 12 ex{d (200+ 60)/T] 297-517 Dbe, Khachatryan, and DF-RF/LIF
(1.69+0.34)x10 1 298+2 Berces, 1989
(1.7+0.3)x10™ 1! 298 Balestra-Garcia, Le Bras, and Mac Leod, 992 PLP-RF
(1.44+0.25)x 10" 1 298 Tyndallet al, 1995 DF-LIF
4.31X 10 *? exd (309+ 19)/T] 295-550 Tayloret al, 1996 PLP-LIF
1.23x10™ 1 295
Relative Rate Coefficients
(1.62-0.18)x10 1 298+2 Niki et al, 1978 @
(1.28+0.43)x 10" 1! 298+4 Kerr and Sheppard, 1981 (b)
(1.62-0.10)x 10 1 298+2 Scollardet al, 1993 (0
Reviews and Evaluations
5.6X 10712 exp(270T) 240-530 NASA, 1997 (d)
5.6x 10 12 exp(310T) 240-530 IUPAC, 1997 (e
Comments tions of CH,CHO and ethenéhe reference compouind
(@ Relative rate method. HO radicals were generated by were measured during the experiments by GC. The

(©

measured rate constant ratio is placed on an absolute
basis by use of a rate coefficient &HO+ethene)
=8.52x10 2 cm® molecule * st at 298 K and atmo-
spheric pressur¥.

(d) The 298 K rate coefficient was based upon the rate
coefficient data of Morriet al,! Niki et al,® Atkinson
and Pitts? Kerr and Sheppartf. Semmeset al.® and
Michael et al* The temperature dependence was the
average of those measured by Atkinson and Pits,
Semmest al,® and Michaelet al*

(e) See Comments on Preferred Values.

the photolysis of HONO in air, and the concentrations
of CH;CHO and ethenéhe reference compoupdere
measured by FTIR absorption spectroscopy. The mea-
sured rate coefficient ratio ok(HO+CH;CHO)/
k(HO+etheney 1.9+ 0.2 is placed on an absolute ba-
sis by use of a rate coefficient df(HO+ethene)
=8.52x 1012 cm® molecule 1 s~ at 298 K and atmo-
spheric pressur¥,

Relative rate method. HO radicals were generated by
the photolysis of HONO in air, and the concentrations
of CH;CHO and ethené&he reference compoupdere
measured by GC. The measured rate coefficient ratio of
k(HO+CH3CHO)/k(HO+ethene} 1.50+ 0.50 is
placed on an absolute basis by use of a rate coefficient
of k(HO+ethene}8.52<10 *2 cm® molecule * s™*

at 298 K and atmospheric presstfe. k=1.6x10 ! cm® molecule 1 s at 298 K.

Relative rate method. HO radicals were generated from k=5.6x10 12 exp(310T) cm® molecule s ! over the
the photolysis of CHONO in air, and the concentra- temperature range 240-530 K.

Preferred Values
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Reliability. and Semmest al2 (which are in good agreemeén®ccord-
A logk=+0.10 at 298 K. ingly, the rate coefficient data of e et al> have not been
A(E/R)==*=200 K. used in the evaluation.

Comments on Preferred Values References

The preferred values were obtained from a least-squares
analysis of the absolute rate coefficient data of Atkinson and‘E. D. Morris, Jr., D. H. Stedman, and H. Niki, J. Am. Chem. Si%;.3570
Pitts and Michaelet al.* and the relative rate coefficient of 2(R19Zt1|>(-_ 4 3. N. Pits, Jr. 3. Chem. Pr6g, 3561(1678

. 8 . . . . . inson and J. N. Pitts, Jr., J. Chem. . .
Niki et al. a_t 298 K, and are identical to those in our pr.eV|- 3D. H. Semmes, A. R. Ravishankara, C. A. Gump-Perkins, and P. H. Wine,
ous evaluation, IUPAC, 199%. The absolute and relative |1t 3 chem. Kinet17, 303(1985.
rate data of Morriset al,> Kerr and Sheppartf, Balestra-  “J. V. Michael, D. G. Keil, and R. B. Klemm, J. Chem. Ph@8, 1630
Garcia et al,® Scollard et al,* and Tyndallet al” are in 5(5193,2)-, L A Khachat 4T Boes. Ber. B o, Ch
agreement with the preferred 298 K value. The data of g, 84;”(@@ achairyan, and 7. Bees, Ber. Bunsenges Fhys. them.
Semmest al.® which are lower than the preferred values by sc. Balestra-Garcia, G. Le Bras, and H. Mac Leod, J. Phys. Cle&n.
up to~25%, were not used in the evaluation because of their73312(1992.
reported difficulties in accurately determining the acetalde-'C: S: Tyndall, T. A. Staffelbach, J. J. Orlando, and J. G. Calvert, Int. J.
hyde concentrations. The absolute rate constants of Ta IogChem' Kinet.27, 1009(1995.

Yy 3 : YlOtp 1y Taylor, M. S. Rahman, M. Arif, B. Dellinger, and P. Marshabth
et al.” over the temperature range 295—-900 K were not tabu- international Symposium on Combustion, 199%e Combustion Insti-
lated and only presented graphically; consequently their dat%tute, Pittsburgh, PA, 1996pp. 497-504. _
have not been used in the evaluation. H. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, J. Phys.

hile the absol tici d B Chem.82, 132(1978.

W5| e the absolute _rate coefficients mef'isure Yo®o 103, A. Kerr and D. W. Sheppard, Environ. Sci. Techrid, 960 (1981.
et al” for CH;CHO are in good agreement with the preferred*p. J. Scollard, J. J. Treacy, H. W. Sidebottom, C. Balestra-Garcia, G.
values, their measured rate coefficients for the reactions oflLaverdet, G. Le Bras, H. Mac Leod, and S.tdie J. Phys. Chend7,

. K . 4683(1993.
the HO radical with the higher aldehydé¢§H;),CHCHO 12NASA Evaluation No. 12, 1997see references in Introductipn

and (CH3)3CCHO are significantly higher, by factors of 13;ypac supplement v, 1997see references in Introduction
~1.5-2.3, than the rate coefficients of Kerr and Sheplﬁard MR, Atkinson, J. Phys. Chem. Ref. Da2§, 215(1997).

HO + C,H;CHO — products

Rate coefficient data

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

(1.71x0.24)x 10" 1 298 Semmest al, 19853 FP-RF
Relative Rate Coefficients

(2.22-0.09)x 10 1 298+2 Niki et al, 197& (@

(1.94+0.15)x 10" ¢ 298+4 Kerr and Sheppard, 1981 (b)

(1.82+0.21)x10™ 1! 298 Audley, Baulch, and Campbell, 1981 (c)

<3.0x1071% 553 Kaiser, 1983 (d)

<3.3x10° 1 296 Kerr and Stocker, 1985 G)
Reviews and Evaluations

2.0x10 1 298 IUPAC, 1997 (f)

Comments (b) Relative rate method. HO radicals were generated by

the photolysis of HONO in air and the concentrations

(@ Relative rate method. HO radicals were generated by
of propanal and etheri¢ghe reference compoupdere

the photolysis of HONO in air and the concentrations a ]
of propanal and ethenghe reference compoupdvere measured by GC. The measured rate coefficient ratio
measured by FTIR absorption spectroscopy during the ~ Of K(HO+propana)k(HO+ethenej=2.28+0.17 is
experiments. The measured rate coefficient ratio of ~ Placed on an absolute basis b%/z use of a rate cloemeent
k(HO+ propanal)k(HO+ethene}=2.6+0.1 is placed of k(HO+ethene)=8.52x10 *? cm® molecule* s~

on an absolute basis by use of a rate coefficient of  at 298 K and atmospheric presstire.
k(HO+ethene}8.52<10 2 cn® molecule st at  (c) Relative rate method. HO radicals were generated by

298 K and atmospheric presstre. the dark reaction of H&+NO,+CO mixtures, and the
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concentrations of COmeasured as a function of the Reliability

aldehyde concentration for a series of aldehydes. A rate A logk==+0.15 at 298 K.
coefficient ratio k(HO+propanal)k(HO+CH;CHO)

=1.14+0.13 was derived from experiments carried outComments on Preferred Values

with acetaldehyde and propanal, and this ratio is placed The preferred rate coefficient is derived from the mean of
on an absolute basis by use of a rate coefficient othe absolute rate coefficient of Semnetsal® and the rela-
k(HO+CH3CHO)=1.6x10" " cm’molecule *s™* at tive rate coefficients of Niket al2 and Kerr and Sheppafd,
298 K (this evaluation and is identical to that in our previous evaluation, IUPAC,

(d) Relative rate method. Oxidation of propanal at 553 K19977 The upper limit to the rate coefficient obtained by
in the presence of Oat 67 mbar, with analysis by MS. Kerr and Stockéris consistent with the preferred value. The
Relative decay rates of propanal, propene Biads-2-  relative rate coefficient of Audlegt al* was not used in the
butene of 1:0.450.05:1+0.1 were measured, and the eyaluation, due to questions concerning the applicability of
rate coefficient ratio of k(HO+propanal)k(HO  the experimental technique uskdThe rate coefficient de-
+trans-2-butene} 1.0+ 0.1 is placed on an absolute rjyed by Kaise? at 553 K of =3.0x 10~ ** cm® molecule *
basis by use of a rate coefficient ok(HO  s~1 though of only semiquantitative value, suggests a zero
+trans-2-butene)=2.73x 10~ ** cm® molecule * s+ or close to zero temperature dependence, as expected by
at 553 K9 Because the HO radical reaction witlans ana|ogy with HCHO and CECHO The major reaction
2-butene may be in the fall-off regime at 553 K and channel is expectédto be H atom abstraction from the
67 mbar(certainly the case for the propene reactidtn _cHoO group to form HO+C,HCO.
an upper limit to the rate coefficient is cited.

(¢) HO radicals were generated by the photolysis of
HONO in air. From measurements of the NO, NO
and propanal concentrations in a flowing systgmo-
panal being measured by G@ rate coefficient ratio of !D. H. Semmes, A. R. Ravishankara, C. A. Gump-Perkins, and P. H. Wine,
k(HO+propanal)k(HO+HONO)<4.0+1.1 was de-  nt. J. Chem. Kinet17, 303(1985.
rived. This rate coefficient ratio is placed on an abso- ?H. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, J. Phys.
lute basis by use of a rate coefficient of ,CTAMER R %gzl?.Sheppard Environ. Sci. Techrid, 960 (1981)

k(HO+HONO)=6.5x10" 2 cm’ molecule*s™  at 4G. J.. Audley, D.-L. Baulch, and I. M. Cémpﬁell, J. Ct{em. Soc. F-araday

296 K10 Trans. 177, 2541 (198).
(f) See Comments on Preferred Values. °E. W. Kaiser, Int. J. Chem. Kinell5, 997 (1983.
6J. A. Kerr and D. W. Stocker, J. Photoche®® 475 (1985.
"IUPAC, Supplement V, 1997see references in Introductipn
Preferred Values 8R. Atkinson, J. Phys. Chem. Ref. Da2§, 215(1997).
°R. Atkinson, J. Phys. Chem. Ref. Datonograph 1, 1 (1989.
k=2.0x 10" cm® molecule *s™* at 298 K. 0)UPAC, Supplement VI, 1997see references in Introductipon

References

HO + CH;CH,CH,CHO — products

Rate coefficient data

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

5.7x 10 12 exq (411+164)/T] 258-422 Semmest al, 1985 FP-RF

(2.06+0.30)x 10" 1* 298
Relative Rate Coefficients

(2.52+0.06)x 107 * 298+ 4 Kerr and Sheppard, 1981 @

(2.59+0.32)x 10" 1! 298 Audley, Baulch, and Campbell, 1981 (b)
Reviews and Evaluations

5.26X 102 exp(446T) 258-422 Atkinson, 19891994 (0

Comments of butanal and etheng@he reference compoupdvere

measured by GC. The measured rate coefficient ratio
(@ Relative rate method. HO radicals were generated by of k(HO+propanal)k(HO+ethene}2.96+0.07 is
the photolysis of HONO in air and the concentrations placed on an absolute basis by use of a rate coefficient
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226 ATKINSON ET AL.

of k(HO+ethene}8.52<10 *? cm®molecule s  Comments on Preferred Values
at 298 K and atmospheric pressdré. The preferred values are based on a least-squares analysis
(b) Relative rate method. HO radicals were generated byf the absolute rate coefficients of Semnetsal! and the
the dark reaction of HOFNO,+CO mixtures, and the room temperature relative rate constant of Kerr and
concentrations of COmeasured as a function of the Sheppard.The relative rate coefficient of Audlest al2is in
aldehyde concentration for a series of aldehydes. A ratgood agreement with the rate coefficients of Semetes
coefficient ratio k(HO+butanal)k(HO+CH;CHO)  and Kerr and SheppafdHowever, the rate coefficients of
=1.62+0.20 was derived from experiments carried outAudley et al2 for 2-methyl-1-propanal, 1-pentanal and 2,2-
with acetaldehyde and butanol, and this ratio placed omlimethyl-1-propanal are significantly lower than the values
an absolute basis by use of a rate coefficient ofof Semmest all and Kerr and SheppardAccordingly, the
k(HO+CH,CHO)=1.6x 10" cm® molecule ' s™* at  rate coefficient of Audlext al for butanal is not used in the

298 K (this evaluation evaluation of the preferred values. At room temperature and
(c) Based on the absolute and relative rate coefficients dbelow, the reaction is expected to proceed primarily by
Semmeset al! and Kerr and Sheppard. H-atom abstraction from the —CHO grofip.

Preferred Values
References

k=2.3x10* cm® molecule * s7* at 298 K.
k=5.2x 10 2 exp(450T) cm® molecule*s™* over the  D.H.Semmes, A. R. Ravishankara, C. A. Gump-Perkins, and P. H. Wine,

temperature range 250—430 K. ,Int. J. Chem. Kinetl?, 303(1983. _
J. A. Kerr and D. W. Sheppard, Environ. Sci. Techrid, 960(1981).
3G. J. Audley, D. L. Baulch, and I. M. Campbell, J. Chem. Soc. Faraday
Reliability Trans. 177, 2541(1981).
4R. Atkinson, J. Phys. Chem. Ref. Daonograph 1, 1 (1989.
=+ ’ '
A IOg k==0.15 at 298 K. 5R. Atkinson, J. Phys. Chem. Ref. Datonograph 2, 1 (1994).
A log(E/R)=+300 K. ®R. Atkinson, J. Phys. Chem. Ref. Da28, 215 (1997.

HO + (CHO), — H,O + CHOCO

Rate coefficient data

k/cm® molecule st Temp./K Reference Technique/Comments
Relative Rate Coefficients
(1.10+0.04)x 10" 1 298+2 Plumet al, 1983 @
Reviews and Evaluations
1.1x10" 1! 298 IUPAC, 1997 (b)
Comments Preferred Values

(@) Relative rate method. HO radicals were generated by k=1.1x10" cm® molecule 1 s ! at 298 K.
the photolysis of CHONO in air, and the concentra-
tions of glyoxal and cyclohexanghe reference com-  Rejiapility
pound were measured by differential optical absorp- A log k==+0.3 at 298 K.
tion spectroscopy and GC, respectively. The measured
rate coefficient ratio of k(HO+glyoxal)/k(HO Comments on Preferred Values

+cyclohexaney 1.52+0.05 is placed on an absolute  The preferred rate coefficient is based on the study of

basis by use of a rate coefficient ok(HO  pjumet al,* with increased uncertainty limits, and is identi-

+cyclohexaney 7.21x 10" cm® molecule 's™ at  cal to that in our previous evaluation, IUPAC, 199The

298 K3 rate coefficient at 298 K is similar to those for other alde-

(b) See Comments on Preferred Values. hydes. A close to zero temperature dependence is expected at

around 298 K. The reaction is assumed to proceed via overall
H-atom abstraction to yield #+HC(O)CO. Niki et al?
showed from a study of the Cl atom-initiated reaction of
glyoxal that at 298 K and 933 mb&r00 Tory total pressure
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the HQO)CO radical reacts by the pathways, References
HC(O)CO—HCO+CO (a)
1C. N. Plum, E. Sanhueza, R. Atkinson, W. P. L. Carter, and J. N. Pitts, Jr.,
HC(0O)CO+0,—HC(0)C(0)00 (b) Environ. Sci. Technoll7, 479 (1983.
2|UPAC, Supplement V, 1997see references in Introduction
HC(0)CO+0,—2CO+HO, (©) 3R. Atkinson, J. Phys. Chem. Ref. Da28, 215 (1997).

“H. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, Int. J. Chem.

with ky,~k. andk,/k,=3.5x 10'® molecule cm?, Kinet. 17, 547 (1985.

HO + HOCH,CHO — H,0 + HOCH,CO (1)
— H,0 + HOCHCHO  (2)

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

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Relative Rate Coefficients

(1.0+0.1)x 107 ¢ 298+2 Niki et al, 1987 @
Branching Ratios

k; /k=0.80 2982 Niki et al, 1987 (b)

k, /k=0.20 298-2 Niki et al, 1987 (b)
Reviews and Evaluations

1.0x10° 1 298 IUPAC, 1997 (c

Comments Preferred Values

(@

(b)

(©

k=1.0x10 ' cm® molecule* s* at 298 K.

Relative rate method. HO radicals were generated by
k;/k=0.80 at 298 K.

the photolysis of CHONO in air and the concentra-
tions of HOCHCHO and acetaldehydghe reference
compoundl measured by FTIR absorption spectros-Reliability

copy. The measured rate coefficient ratio of A logk==0.3 at 298 K.
k(HO+CH3CHO)/k(HO+HOCH,CHO)=1.6+0.15 A(ky/k)=*0.10 at 298 K.

is placed on an absolute basis by use of a rate constant

of  k(HO+CH;CHO)=1.6x10 " cn® molecule® o mments on Preferred Values

_1 . .

s~ at 298 K(this evaluation _ The preferred 298 K rate coefficient and branching ratios
HO radicals were generated by the photolysis of ethyl, /k andk, /k are taken from the study of Nikit al,* with
nitrite in air, and HOCHCHO and productf(CHO)z,  the error limits increased accordingly, and are identical to
CO,, and HCHQ were measured by FTIR absorption yqqe in our previous evaluation, IUPAC, 1997.
spectroscopy. Product formation yields of (CHQ)

0.211+0.024; CQ, 0.813+0.032; and HCHO, 0.824 References
+0.046 were obtained, leading to rate coefficient ratios, , . .

H. Niki, P. D. Maker, C. M. S ,and M. D. Hurley, J. Phys. Chein.
of ky /k=0.80 andk,/k=0.20. biracesy avage, an rley. J. Phys. Chety
See Comments on Preferred Values. 2|UPAC, Supplement V, 1997see references in Introduction
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HO + CH4COCHO — H,0 + CHsCOCO

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(7.1+1.6)x10 12 297 Kleindienst, Harris, and Pitts, 1982 FP-RF
8.4x 1072 ex{ (830+300)/T] 260-333 Tyndalkt al, 1995 DF-LIF
(1.32+0.30)x 10" 1 298
Relative Rate Coefficients
(1.65+0.12)x 10" % 298+2 Plumet al, 1983 @
Reviews and Evaluations
1.5x10° 298 IUPAC, 1997 (b)

Comments

(@ Relative rate method. HO radicals were generated b

the photolysis of CHONO in air.

of CH;C(O)CHO and cyclohexanéhe reference com-

pound were measured by differential optical absorp-
tion spectroscopy and GC, respectively. The measureﬁ
rate coefficient ratio of k(HO+CH3;C(O)CHO)/

k(HO+cyclohexaney 2.29+0.16

solute basis by use of a rate coefficiekfHO
+cyclohexane¥ 7.21x 10 2 cm® molecule st at

298 K>

(b) See Comments on Preferred Values.

Preferred Values

k=1.5x10" cm® molecule *s™1 at 298 K.

Reliability
A logk==0.2 at 298 K.

Comments on Preferred Values
The preferred 298 K rate coefficien

previous evaluation, IUPAC, 1997The absolute rate coef-
ficient measured by Kleindienst al! may have been low

ue to the presence of significant levels of low reactivity
impurities in the methylglyoxal samples used. The data of
Tyndall et al? indicate a significant negative temperature de-
endence; while no recommendation is made concerning the
emperature dependence of this reaction a negative tempera-
ture dependence is expected at around room temperature
(see, for example, the HOCH;CHO reaction in this evalu-
ation). The reaction is assumed to proceed via H-atom ab-
straction to form HO+CH,C(O)CO. Greenet al® have
shown that the dominant fate of the g&{O)CO radical un-
der atmospheric conditions is decomposition to form
CH;CO+CO.

The concentrations

is placed on an ab-

References

1T, E. Kleindienst, G. W. Harris, and J. N. Pitts, Jr., Environ. Sci. Technol.
16, 844 (1982.

2G. S. Tyndall, T. A. Staffelbach, J. J. Orlando, and J. G. Calvert, Int. J.
Chem. Kinet.27, 1009(1995.

3C. N. Plum, E. Sanhueza, R. Atkinson, W. P. L. Carter, and J. N. Pitts, Jr.,

: Environ. Sci. Technol17, 479(1983.
tis an average of the“IUPAC, Supplement V, 1997see references in Introductipn

relative rate coefficient of Plurat al® and the absolute rate sg Atkinson, J. Phys. Chem. Ref. D&, 215(1997.

coefficient of Tyndallet al,? and is ide
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HO + CH3COCH; — H,0 + CH3COCH,

AH°=—-87.8 kdmol™?*

Rate coefficient data

k/cm® molecule* st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.7x 10 2 exd —(600+ 75)/T] 240-440 Wallington and Kurylo, 1987 FP-RF
(2.16+0.16)x10 13 296
(8.80+1.32)x 1012 1217 Bott and Cohen, 1991 SH-RA
(1.25< 10 2 exd —(561+ 57)/T] 243-372 Le Calveet al, 1998 PLP-LIF
(1.84+0.24)x10 18 298
Relative Rate Coefficients
(2.7£0.1)x 10713 303+2 Kerr and Stocker, 1986 @
Reviews and Evaluations
2.2x 10 2 exp(—685/T) 240-440 NASA, 1997 (b)
2.8x 10 12 exp(—760/T) 240-300 IUPAC, 1997 (0
Comments Reliability
. . A logk==0.15 at 298 K.
(@ Relative rate method. HO radicals were generated by g

(b)

(©

the photolysis of HONO in air, and the concentrations A(B/R)==200 K.

of acetone and ether(¢he reference compoupavere

measured by GC. The measured rate coefficient ratio dfomments on Preferred Values
k(HO+acetone)k(HO+ethene}=0.032+ 0.001 is The preferred values are based on the absolute rate
placed on an absolute basis by use of a rate coefficierfoefficient data of Wallington and Kuryloand Le Calve

of k(HO+ethene)x8.32x10 2 cmP molecule st et al® These data’® have been fitted to the three-parameter
at 303 K and atmospheric presstre. expr§§si2n k=CT? exp(-DIT), jfsylmng in k=211
Based on the rate coefficient studies of Wallington and< 10~ **T? exp(10T) cm® molecule ' s™* over the tempera-
Kurylo,* Kerr and Stockef,Zetzsch(unpublished data, ture range 240-440 K. The preferred Arrhenius expression,
1982 and Bauerleet al. (unpublished data, 1997 k=A exp(~BJ/T), is centered at 265 K and 2is, derived from
Based on a fit of the data of Wallington and Kurjlo, the three-parameter equation with=Ce’T*> and B=D

Bott and CoheR,and Kerr and Stock&rto the three- +2T.

parameter expressiok=CT? exp(—D/T). The cited

Arrhenius expression, centered at 265 K was derived References

from the three-parameter expression wilxCe’T?

andB=D+2T. 7. J. Wallington and M. J. Kurylo, J. Phys. Chefi, 5050(1987.
2J. F. Bott and N. Cohen, Int. J. Chem. Kin28, 1017(1991).
Preferred Values 3S. Le Calve D. Hitier, G. Le Bras, and A. Mellouki, J. Phys. Chem. A

102 4579(1998.

4
k=1.9X10" 13 cm3 molecule s~ at 298 K. J. A. Kerr and D. W. Stocker, J. Atmos. Chef).253(1986.

SNASA Evaluation No. 12, 1997see references in Introductipn

_ —12 11
k=1.1xX 10" exp(~520/T) cm® molecule *s* over the 8|UPAC, Supplement V, 1997ee references in Introduction
temperature range 240-300 K. "R. Atkinson, J. Phys. Chem. Ref. D&, 215 (1997).
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HO + CH3;C(O)CH,CH3; — products

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
2.3x10 12 exd —(170+ 120)/T] 240-440 Wallington and Kurylo, 1987 FP-RF
(1.15+0.10)x 10" 12 296
1.51x 10 2 exd —(60+61)/T] 243-372 Le Calvest al, 1998 PLP-LIF
(1.19+0.18)x 10712 298
Relative Rate Coefficients
(3.5+1.0)x10°*? 305+ 2 Wineret al, 1976 @
2.74x10°*? 300 Cox, Derwent, and Williams, 1980 (b)
(9.5+0.9)x107 13 295+ 2 Cox, Patrick, and Chant, 1981 (b)
(9.4+1.7)x10° 1 297 Edney, Kleindienst, and Corse, 1886 (c)
Reviews and Evaluations
3.24x 107 %8 T2 exp(414T) 240-440 Atkinson, 1989;1994 (d)
Comments Reliability

(@

(b)

(©

(d)

A log k==*0.15 at 298 K.

Relative rate method. HO radicals were generated by A(E/R) = =200 K

the photolysis of NQ-organic—air mixtures, and the
concentrations of 2-butanone and 2-methylpropéne
reference compounavere measured by GC. The mea- Comments on Preferred Values

sured rate coefficient ratio ok(HO-2-butanone)/ Photolysis of 2-butanone may have contributed to the
k(HO+2-methylpropene¥ 0.07(+30%) is placed Measured 2-butanone loss rates in the relative rate studies
on an absolute basis by use of a rate coefficienff Winer et al® and Coxetal® A unit-weighted least-

of k(HO+2-methylpropene¥4.94x 10" cm®  squares analysis of the absolute rate coefficients of Walling-
molecule ! s at 305 K’~° ton et all and Le Calveet al,? using the three-parameter
Relative rate method. HO radicals were generated bgxpression k=CT? exp(~D/T), results in k=253

the photolysis of HONO in air, and the concentrations X 10~ *°T? exp(503T) cn® molecule *s™ over the tem-

of 2-butanone and ethenghe reference compoupd Perature range 240—440 K. The preferred Arrhenius expres-
were measured by GC. The measured rate coefficierfion, k=A exp(=B/T), is centered at 265 K and is derived
ratios k(HO+2-butanone{(HO+ethene) are placed from the above three-parameter expression WithCe’T?

on an absolute basis by use of rate coefficients at a@ndB=D+2T.

mospheric pressure ok(HO+ethene}=8.44x 1012 Cox et al® observed acetaldehyde as a product of the HO
cm®moleculels ! at 300 K and 8.6%10 2 radical reaction with 2-butanone, with a formation yield of
cm® molecule st at 295 K/—° 0.62-0.02. Acetaldehyde is expected to arise from

HO radicals were generated from the photolysis of2-butanone after H-atom abstraction from the —Egtoup,
CH;ONO in air, and the concentrations of 2-butanoneand hence the fraction of the overall HO radical reaction with

and propanéthe reference compountvere measured 2-butanone proceeding via

by GC. The measured rate coefficient ratio of :
k(HO+2-butanone){(HO+propane) is placed on an HO+CH,C(0)CH,CHa—H,0+ CHC(O)CHCH,
absolute basis by use of a rate coefficient ofis ~0.62.
k(HO+propane¥ 1.11x 10" *? cm® molecule * s7* at

297 K (this evaluatioh

Based on a least-squares fit of the rate coefficients of
Cox et al,* Zetzschet al,'° Edneyet al,® and Wall-
ington and Kuryld to the three-parameter expression ,

References

T. J. Wallington and M. J. Kurylo, J. Phys. Chef, 5050(1987.

k=CT? exp(~D/T). 25, Le Calve D. Hitier, G. Le Bras, and A. Mellouki, J. Phys. Chem. A
102 4579(1998.
Preferred Values SA. M. Winer, A. C. Lloyd, K. R. Darnall, and J. N. Pitts, Jr., J. Phys.
Chem.80, 1635(1976.
k=1.2%X10"12 cnP molecule 1 st at 298 K. 4;,(6\1.9%?, R. G. Derwent, and M. R. Williams, Environ. Sci. Techridl,

k=1.3x10"'? exp(~25/T) cn® molecule *s™* over the 5R. A. Cox, K. F. Patrick, and S. A. Chant, Environ. Sci. Techii&l.587
temperature range 240-300 K. (1982.
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SE. O. Edney, T. E. Kleindienst, and E. W. Corse, Int. J. Chem. Kit@t. °R. Atkinson, J. Phys. Chem. Ref. Da8, 215(1997.
1355(1986. 10C. Zetzsch, 7th International Symposium on Gas Kinetics, University of

’R. Atkinson, J. Phys. Chem. Ref. Daonograph 1, 1 (1989. Gottingen, Gatingen, W. Germany, August 23—28, 1982.
8R. Atkinson, J. Phys. Chem. Ref. Datéonograph 2, 1 (1994).

HO + CH5OH — H,0 + CH,OH (1)
—H,0+CH;O (2)

AH°(1)=-97.3 kJmol™*
AH°(2)=-62.3 kJmol™*

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

k/cm® moleculet s7* Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(1.06+0.10)x 10" 12 296+ 2 Overend and Paraskevopoulos, 1978 FP-RA
(1.00+0.10)x 10712 298 Ravishankara and Davis, 1§78 FP-RF
4.8x10 12 exd —(480+=70)/T] 240-440 Wallington and Kurylo, 1987 FP-RF
(8.61+0.47)x10 3 296
(1.01+0.10)x 10"+ 298+ 2 McCaulleyet al, 1989 DF-LIF
5.89x 10~ 20 T265 exp(444T) 294-865.5 Hess and Tully, 1989 PLP-LIF
(9.34+0.41)x 10 3 294
(9.0+0.9)x107 13 298+2 Nelsonet al, 1990 PR-RA
(8.64+1.30)x 10712 1205+ 16 Bott and Cohen, 1991 SH-RA
Branching Ratios
k,/k=0.15+0.08 2982 McCaulleyet al, 1989 @
Reviews and Evaluations
6.7X 10712 exp(—600/T) 240-400 NASA, 199% (b)
3.1x10 2 exp(—360/T) 240-300 IUPAC, 1997 (c)
Comments the three parameter expression with=Ce’T? and
(@ Derived from measurements of the rate coefficients for B=D+2T.
the reactions of the HO radical with GBH, CD;0OH,
and CDBOD and of the DO radical with CDH, Preferred Values
ary Kot rctope effecs ave negigite. o K=9:3¢10° oni molecule’ s * at 298 K.
5 Thy 208 K P i E grole.  the ab k=3.1x10 12 exp(—360/T) cm® molecule ! st over the
(b) e rate coe |§|§nt was the average of the al temperature range 240-300 K.
solute rate Coeff.|C|ents of Overenqll and k,/k=0.15 at 298 K.
Paraskevopoulds,Ravishankara and DavisHagele
et al, ' Meier et al,** Greenhill and O’'Grady? Wall- Reliabilit
ington and Kurylc® and Hess and Tully.The tempera- A log l¥=+0 15 at 298 K
ture dependence was derived from those reported by A(E/R) — 4200 K '
Greenhill and O'Gradyf and Wallington and Kuryld. Ak, /k=+0.10 at 298 K.
(c) Derived from the absolute rate coefficients of Overend

and Paraskevopoulds, Ravishankara and Davfs,

Wallington and Kurylo® McCaulley et al,* Hess Comments on Preferred Values

5 6 d The preferred rate coefficient is obtained by fitting the
and TuIIy,_ Nelsonet al, _apd Bott and Coh narlg absolute rate coefficients of Overend and Paraskevopbulos,
the relative rate coefficient of Tuazoret al. Ravishankara and Daviswallington and Kurylo® McCaul-
These data’'® were fitted to the three parameter ley etal. Hess and Tully, Nelson etal.’ and Bott
expressionk=CT? exp(~D/T), resulting ink=6.01 and Coheh to the three parameter expressiok

X 107 *8T? exp(170T) cn® molecule *s™* over the =CT2 exp(-DIT). This  results in k=6.01
temperature range 240—1205 K. The Arrhenius expresx 10~ *8T2 exp(170T) cn molecule*s ! over the tem-
sion is centered at 265 K and was derived fromperature range 240—1205 K. The preferred Arrhenius expres-
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sion, k=A exp(—B/T), is centered at 265 K, and is derived 37. J. Wallington and M. J. Kurylo, Int. J. Chem. Kindt9, 1015(1987.
from the three parameter equation wi= CeT? and B 4J. A. McCaulley, N. Kelly, M. F. Golde, and F. Kaufman, J. Phys. Chem.
=D +2T. The kinetié and produc®!!studies show that the 9% 1014(1989.

. . W. P. Hess and F. P. Tully, J. Phys. Che38, 1944(1989.
reaction proceeds mamly by chanria) at_ room tempera-_ L. Nelson, O. Rattigan, R. Neavyn, H. Sidebottom, J. Treacy, and O. J.
ture, as expected from the thermochemistry of the reaction \jgisen. Int. 3. Chem. Kineg2, 1111(1990.
pathways(1) and (2). The preferred values are identical to 73, F. Bott and N. Cohen, Int. J. Chem. Kin&8, 1075(1991).
those in our previous evaluation, IUPAC, 19'@31though 8NASA Evaluation No. 12, 1997see references in Introductipn

only absolute rate coefficients are now used in the evalua’lUPAC, Supplement V, 1997see references in Introduction

tion. 103, Hagele, K. Lorenz, D. Rhea, and R. Zellner, Ber. Bunsenges. Phys.
Chem.87, 1023(1983.

11U. Meier, H. H. Grotheer, and Th. Just, Chem. Phys. L6 97 (1984.

12p_ G. Greenhill and B. V. O'Grady, Aust. J. CheB®, 1775(1986.

1BE. C. Tuazon, W. P. L. Carter, R. Atkinson, and J. N. Pitts, Jr., Int. J.
Chem. Kinet.15, 619(1983.

References

IR. Overend and G. Paraskevopoulos, J. Phys. CBEmiL329(1978.
2A. R. Ravishankara and D. D. Davis, J. Phys. Ch88).2852(1978.

HO + C,H;OH — H,O + CH,CH,OH 1)
— H,0 + CH;CHOH (2)
AH°(1)=—69 kJmol*

AH°(2)=-109.9 kJmol™*
AH°(3)=-61.8 kJmol™*

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

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

1.25x 10" ! ex —(360+52)/T] 255-459 Greenhill and O'Grady, 1986 FP-RA

(3.40:0.17)x 10 *2 293

7.4x10° 12 exd —(240+ 110)/T] 240-440 Wallington and Kurylo, 1987 FP-RF

(3.33+0.23)x 10712 296

(3.26+0.14)x 10" 12 293 Hess and Tully, 1988 PLP-LIF (a,b

(3.33+0.14)x 10 *? 326.5

(3.63£0.15)x 10 12 380

(3.94+0.16)x 10 *? 441

(3.32+0.16)x 10712 295 Hess and Tully, 1988 PLP-LIF (b,0

(5.47+0.34)x 10" 12 599

(3.04+0.25)x 10 *2 298+ 2 Nelsonet al, 199¢ PR-RA

kp+ky=(8.80+1.32)x 10" *? 1204+ 16 Bott and Cohen, 1991 SH-RA (d)
Relative Rate Coefficients

(3.33+0.51)x 1012 298+ 2 Nelsonet al, 199¢ RR (e)
Reviews and Evaluations

7.0X107 2 exp(—235/T) 240-600 NASA, 1997 ()

4.1X 10" *2 exp(=70/T) 270-340 IUPAC, 1997 (9)

Comments

(@ Reaction of H®0 radicals.

(b) Thermal decomposition of the H&CH,CH, radical
formed by H-atom abstraction from the —ggroup to
regenerate H& radicals occurs at temperature$00
K, and hence the H8 rate coefficient data do not yield
the rate coefficienk=(k;+k,+k3) above ~500 K.
Since thermal decomposition of the FRGH,CH, radi-

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999

cal does not lead to regeneration of the ¥@adical,
the HO® rate coefficient data yield the overall reaction
rate coefficientk=(k;+k,+k3).

(c) Rate coefficients for reaction of the H&radical. HG®
radicals generated from pulsed laser photolysis of
H,'0, with HO* being detected by LIF.

(d) HO radicals were generated by the thermal desorption
of t-butyl hydroperoxide in a shock tube, with detection
by resonance absorption at 309 nm. The measured rate
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coefficient corresponds tok{+k;) because of the =Aexp(=BI/T), is centered at 300 K and is derived from this
rapid thermal decomposition of the @EH,OH radical  three-parameter expression with=Ce’T? and B=D
formed in reaction channél) (this is the same radical +2T. The rate coefficients calculated from the preferred
as formed from the addition of HO radicals to ethene Arrhenius expression are10% higher than the lowest tem-
(e HO radicals were generated by photolysis of perature rate coefficients reported by Greenhill and O'Grady
CH;ONO-NO-air mixtures. The ethanol and cyclo- (at 255 K) and Wallington and Kuryld(at 240 K). The pre-
hexane (the reference organic concentrations ferred 298 K rate coefficient is in good agreement with the
were measured by GC. The measured rate constant rabsolute and relative rate coefficients of Nelssral® The
tio is placed on an absolute basis by use of a rate corate coefficient measured by Bott and Cohan1204 K, and
efficient of k(HO-+cyclohexang=7.21x10 2cm®  ascribed to k,+Kks3), is consistent with the value ofk{
molecule *s 1.8 +k,+Kk3) calculated from the recommended three parameter
(f) The 298 K rate coefficient was the average of the roonexpression and with the rate coefficidnt at 1204 K esti-
temperature rate coefficients of Camphmlil,’ Over-  mated using the procedure of Atkinsth.
end and ParaskevopoulfsRavishankara and Davis, Meier et al!® determined that at room temperature the re-
Cox and Goldston& Kerr and Stocket? Wallington action proceeds mainly (75%15%) via formation of the
and Kurylo? and Hess and Tully.The temperature CH,CHOH radical, consistent with the expected thermo-
dependence was obtained by averaging the temperatutthemistry of the reaction steps. The kinetic data of Hess and
dependencies of the rate coefficients reported by WallTully® for the reactions of the H¥ and HG?® radicals with

ington and Kurylé and Hess and Tully. ethanol indicate that channél) accounts for~15% of the
(g) See Comments on Preferred Values. overall reaction at 600 K, in agreement with the calculated
value of~20% from the estimation procedure of Atkinstn.
Preferred Values This agreement allows a rate coefficient ratio lof/k
=0.05 at 298 K to be estimated. Assuming that H-atom ab-
k=3.2x10"** cm® molecule™* s™* at 298 K. straction from the —OH group in ethar@hannel(3)] has a
k=4.1x10"** exp(~70/T) cm’molecule* s™* over the  gimilar rate coefficient to the analogous channel for methanol
temperature range 270-340 K. (this evaluationallowsks/k=0.05 at 298 K to be estimated.
ki/k=0.05 at 298 K. The resulting value ok, /k=0.90 at 298 K is just consistent
k3/k=0.05 at 298 K. with the product data of Meieet al®
Reliability References
A logk==*0.15 at 298 K. 1p. G. Greenhill and B. V. O'Grady, Aust. J. Che89, 1775(1986.
A(E/R)= %200 K. 27, J. Wallington and M. J. Kurylo, Int. J. Chem. Kindi9, 1015(1987.
Akq /k=1032at 298 K. jw. P. Hess and F. P. Tully, Chem. Phys. Ld2 183(1988.
Akg/k="Jat 298 K. Con, O, Fatlgm, R ety gy bt 2 Ty, and 0.3
®J. F. Bott and N. Cohen, Int. J. Chem. Kin28, 1075(1991.
Comments on Preferred Values SNASA Evaluation No. 12, 1997see references in Introductipn

Th f d val identical to th . . TIUPAC, Supplement V, 1997see references in Introductijon
€ preierred values are identical 10 those In our previouSsg Atkinson, J. Phys. Chem. Ref. Da§, 215 (1997.

evaluation, IUPAC, 1997 There is substantial scatter in the °| m. Campbell, D. F. McLaughlin, and B. J. Handy, Chem. Phys. (34t
room temperature rate coefficients measured to date. Thle§62o(33r7e?]a and G. Paraskevopoulos, J. Phys. CBENL329(1978
most definite study to date is that of Hess and Talbhe & VFERC S0 5 PEEa %avis,'J.'Phyi.'Chem.zssz(m?a'.
preferred rate coefficient is derived from fitting the H@nd 125 A" cox and A. GoldstoneProceedings of the 2nd European Sympo-
(for temperatures<500 K) the HO' rate coefficient data of  sium on the Physico-Chemical Behaviour of Atmospheric Pollutddits
Hess and Tully to the three parameter expression _Reidel, Dordrecht, Holland, 1982pp. 112-119.

—CT2 _ ; e ~ 1872 133, A. Kerr and D. W. Stocker, J. Atmos. Che#.253 (1986.
k=CT" exp(-D/T). This results in k=6.18<10 °T 1R, Atkinson, Int. J. Chem. Kinetl9, 799 (1987.

;11
X exp(532T) cn? molecule* s over th? temperature 1sy ejer, H. H. Grotheer, G. Riekert, and Th. Just, Chem. Phys. 1&§.
range 293-599 K. The preferred Arrhenius expression, 221(1985.
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234 ATKINSON ET AL.
HO + CH3CH2CH20H — prOdUCtS
Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

(5.33+0.54)x 10712 296+ 2 Overend and Paraskevopoulos, 1978 FP-RA

(5.34+0.39)x 10" 12 296 Wallington and Kurylo, 1987 FP-RF

(5.64+0.48)x 10712 298+2 Nelsonet al, 199G PR-RA
Relative Rate Coefficients

(3.9+0.7)x107*? 292 Campbell, McLaughlin, and Handy, 1976 (@

(5.29+0.43)x 10" 12 298+2 Nelsonet al, 199G (b)
Reviews and Evaluations

5.5x10 12 298 IUPAC, 1997 (©

Comments Reliability

A logk=%0.2 at 298 K.

(@ Relative rate method. HO radicals were generated by
the dark reaction of FD,—NO, mixtures in the pres-
ence of CO and an organic compound. From experiComments on Preferred Values ,
ments using-butane and 1-propanol, a rate coefficient The experimental technique of Campbetlal” was pos-
ratio of k(HO+1-propanol/k(HO+ n-butane)=1.67  sibly prone to unrecognized problethgnd hence this rate
+0.27 (two standard deviatiopsvas derived. This rate coefficient was not used in deriving the preferred values. The
coefficient ratio is placed on an absolute basis by use 0298 K value is the mean of the absolute rate coefficients of
a rate coefficient ofk(HO+ n-butane)=2.36x 10 2>  Overend and Paraskevopoufog/allington and Kuryld® and
cm® molecule L st at 292 K (this evaluation Nelson et al® and the relative rate coefficient of Nelson
(b) Relative rate method. HO radicals were generated bt al2 The preferred value is identical to that in our previous
the photolysis of CHONO in air, and the concentra- evaluation, IUPAC, 1997.
tions of 1l-propanol and cyclohexar¢he reference
compoungl were measured by GC. The measured References
rate coefficient ratio k(HO+1-propanol)k(HO
+cyclohexane) is placed on an absolute basis by use of
. 12 R. Overend and G. Paraskevopoulos, J. Phys. CBenil329(1976.
a rate coefficientk(HO + cyclohexang=7.21x 10 2T 3. Wallington and M. J. Kurylo, Int. J. Chem. Kinei9, 1015(1987.
e molecule st at 298 K 3L. Nelson, O. Rattigan, R. Neavyn, H. Sidebottom, J. Treacy, and O. J.
(c) See Comments on Preferred Values. Nielsen, Int. J. Chem. Kine®2, 1111(1990.
41. M. Campbell, D. F. McLaughlin, and B. J. Handy, Chem. Phys. 138t.
362(1976.
Preferred Values SIUPAC, Supplement V, 1997see references in Introductijon
SR. Atkinson, J. Phys. Chem. Ref. D6, 215(1997.
k=5.5x 10" 2 cm® molecule * s* at 298 K. 7R. Atkinson, J. Phys. Chem. Ref. Daonograph 1, 1 (1989.
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AH°(1)=-60.9 kJmol™*

EVALUATED KINETIC AND PHOTOCHEMICAL DATA

— H,O + CH3;CH(OH)CH,  (3)

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

235

k/cm® molecule* s7* Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(5.48+0.55)x 10712 296+ 2 Overend and Paraskevopoulos, 1978 FP-RA
5.8x 10712 exd —(30+90)/T] 240-440 Wallington and Kurylo, 1987 FP-RF
(5.810.34)x 10 *? 296
(5.69+1.09)x 10 12 298+2 Nelsonet al, 199G PR-RA
1.044x 10717 T186 exp(736T) 293-587 Dunlop and Tully, 1993 PLP-LIF (a)
(5.10:0.21)x 10 *2 293
Relative Rate Coefficients
(5.56+0.72)x 10712 298+ 2 Nelsonet al, 199G (b)
Reviews and Evaluations
4.06x 1078 T2 exp(788T) 293-587 Atkinson, 1994 (c)
2.7X 10 12 exp(190T) 270-340 IUPAC, 1997 (d)

Comments

(a

The reactions of Hé radicals were studied over the
temperature range 293-745 K and the reactions o

Tully.* These rate coefficierftsvere fitted to the three

HO' radicals were studied at 548 and 587 K. Nonex-

ponential decays of H radicals were observed over

the temperature range 504—-600 K and, while exponen-
tial HO'® radical decays were observed above 600 K, k=5.1x10"**cm® molecule ! s™* at 298 K.

the rate coefficients were significantly lower than ex-
pected from extrapolation of the lower temperaturel®mperature range 270—-340 K.

data. These observations are consistent with thermal
decomposition of the CECH(OH)CH, radical formed  Reliability
in reaction channel3) [the same radical as formed A logk==0.12 at 298 K.

from HO radical addition to propefet temperatures

A(E/R)= =200 K.

=500 K. Hence using H& radicals, values of

(kq+ky+ks) were measured at temperature500 K
and (K, +k,) at temperaturez600 K. No regeneration

Preferred Values

k=2.7x10 12 exp(1901) cn® molecul

Comments on Preferred Values
The preferred rate coefficients are derived from the

parameter expressida=CT? exp(—D/T).
%d) See Comments on Preferred Values.

els! over the

of HO®¥ radicals from thermal decomposition of data obtained by Dunlop and Tuffy.The HO?® rate
the CHCH(*®OH)CH, radical can occur, and hence Coefficients at 548 and 587 K and the Hoate coefficients

(kq+ka+Ks).
(b)

k=CT? exp(—DIT), resulting

511
Relative rate measurement. HO radicals were generateﬁ exp(788T) cm’ molecule s

by the photolysis of CEONO in air. The concentra-
tions of 2-propanol and cyclohexalfihe reference or-
ganio were measured by GC. The measured rate coef
ficient ratio k(HO+2-propanol/k(HO+cyclohexang

k=4.06x 10”1812

the temperature

range 293-587 K. The preferred Arrhenius expression,
=A exp(—BIT), is centered at 300 K and is derived from the
three parameter expression with=Ce’T? and B=D
+2T. The preferred rate coefficients arel0% lower than

(©

k ; those of Wallington and Kuryfoover the temperature range
is placed on an absolute basis by use of a rat&70-340 K, and are in agreement within the cited error lim-
coefficient of k(HO+cyclohexang=7.21x10""* jts with the room temperature absolute and relative rate co-
cm® molecule ' s™* at 298 K/ efficients of Overend and Paraskevopoll@nd Nelson
Derived from the H®? radical and(for temperatures et al® The preferred values are identical to those in our pre-
<502 K) HO'® radical rate coefficients of Dunlop and vious evaluation, IUPAC, 1997.
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References 3L. Nelson, O. Rattigan, R. Neavyn, H. Sidebottom, J. Treacy, and O. J.
Nielsen, Int. J. Chem. Kine22, 1111(1990.
4J. R. Dunlop and F. P. Tully, J. Phys. Che®7, 6457(1993.
SR. Atkinson, J. Phys. Chem. Ref. Ddtéonograph 2, 1 (1994).
IR. Overend and G. Paraskevopoulos, J. Phys. C8&m329(1978. 8|UPAC, Supplement V, 1997see references in Introduction
2T, J. Wallington and M. J. Kurylo, Int. J. Chem. Kin€i9, 1015(1987. ’R. Atkinson, J. Phys. Chem. Ref. Da8, 215(1997.

HO + CH3CH2CH2CH20H — prOdUCtS

Rate coefficient data

k/cm® moleculet 574 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(8.31+0.63)x 10 *? 296 Wallington and Kurylo, 1987 FP-RF
(7.80+0.20)x 10 12 298+2 Nelsonet al, 199G PR-RA
(9.60+0.41)x 10" 12 293 Tully, 1996 PLP-LIF
Relative Rate Coefficients
(7.1x1.4)x 1012 292 Campbell, McLaughlin, and Handy, 1976 @
(8.24+0.68)x 10712 298+ 2 Nelsonet al, 199G (b)
Reviews and Evaluations
8.57x10 *? 298 Atkinson, 1992 (c)
Comments Reliability

(@ Relative rate method. HO radicals were generated by A logk==0.2 at 298 K.

the dark reaction of FD,—NO, mixtures in the pres-

ence of CO and an organic compound. From experiComments on Preferred Values

ments using-butane and 1-butanol, a rate coefficient The experimental technique of Campbetlal.* was pos-
ratio of k(HO-+1-butano)/k(HO+ n-butane)=3.00  sibly prone to unrecognized problethsnd hence this rate
+0.56(two standard deviatiopsvas derived. This rate coefficient was not used in deriving the preferred value. The
coefficient ratio is placed on an absolute basis by use ofreferred value is the average of the absolute rate coefficients
a rate coefficient ofk(HO+ n-butane)=2.36x 10 2  of Wallington and Kuryld and Nelsoret al? and the relative

cm® molecule * s at 292 K (this evaluatioh rate coefficient of Nelsoret al? The unpublished absolute

(b) Relative rate method. HO radicals were generated byate coefficient of Tully is ~20% higher than this recom-
the photolysis of CHONO in air, and the concentra- mendation.
tions of 1-butanol and cyclohexarhe reference com-
pound were measured by GC. The measured rate co-
efficient ratio k(HO+ 1-butanag)/k(HO+cyclohexang
is placed on an absolute basis by use of a rate
coefficient of k(HO+cyclohexang=7.21x10 12 References
cm® molecule* st at 298 K®
(c) Based on the absolute rate coefficients of Wallingtoni 5 Wallington and M. J. Kurylo, Int. J. Chem. Kindo, 1015 (1987.
and Kurylo! Nelsonet al,? and TU"f and the relative 2. Nelson, O. Rattigan, R. Neavyn, H. Sidebottom, J. Treacy, and O. J.

rate coefficient of Nelsoet al? Nielsen, Int. J. Chem. Kine2, 1111(1990.
S3F. P. Tully (unpublished data cited in Ref).2

41. M. Campbell, D. F. McLaughlin, and B. J. Handy, Chem. Phys. 138t.

Preferred Values 362(1976.
SR. Atkinson, J. Phys. Chem. Ref. Ddtéonograph 2, 1 (1994).
k=8.1x10 *? cm® molecule * s* at 298 K. SR. Atkinson, J. Phys. Chem. Ref. Da28, 215 (1997).
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HO + CH;CH(OH)CH,CH3; — products

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Relative Rate Coefficients
(8.89+0.51)x 10 *2 296+ 2 Chew and Atkinson, 1996 (@
Comments Reliability

=+
(@ Relative rate method. HO radicals were generated A logk==0.3 at 298 K.

by the photolysis of CEDONO in air, and the concen-

trations of 2-butanol and cyclohexarithe reference Comments on Preferred Values

compoundl were measured by GC. The measured The preferred value is based on the sole study of Chew
rate  coefficient ratio of k(HO+2-butano)/  and Atkinsom, with expanded error limits.
k(HO+cyclohexang=1.24+0.07 is placed on an abso-

lute basis by use of a rate coefficient of

k(HO-+cyclohexang=7.17x10"*? cm® molecule * s 1

at 296 K?
References
Preferred Values
IA. A. Chew and R. Atkinson, J. Geophys. R&€1, 28649(1996.
k=8.9x10 12 cm® molecule * s™* at 298 K. 2R. Atkinson, J. Phys. Chem. Ref. D6, 215 (1997.
HO + CH;0CH3 — H,0 + CH3;0CH,
Rate coefficient data
k/cm?® molecule* st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.29x 10~ ! exf —(388+ 151)/T] 299-424 Perry, Atkinson, and Pitts, 1977 FP-RF
(3.50+0.35)x 10" 12 299
1.04x 10" exf —(372+34)/T] 295-442 Tully and Droege, 1987 PLP-LIF
(2.95+0.12)x 10 *? 295
6.7xX 10 12 exd —(300+ 70)/T] 240-440 Wallingtoret al, 1988 FP-RF
(2.49+0.22)x 10" 12 296
(2.35+0.24)x 10712 298+2 Nelsonet al, 199¢ PR-RA
6.38< 10" 2 ex{ —(234+34)/T] 230-372 Mellouki, Teton, and Le Bras, 1995 PLP-LIF
(2.82+0.21)x 102 295
3.39x10 % T4 exqd(1221+252)/T] 295-650 Arif, Taylor, and Dellinger, 1987 PLP-LIF
(2.95+0.21)x 10 *? 295
Relative Rate Coefficients
(2.20:0.22)x 10" %2 295+3 Wallingtonet al, 1989 RR (a)
(3.07+0.68)x 10" 12 298+ 2 Nelsonet al, 199¢ RR (b)
Reviews and Evaluations
1.0x 10 * exp(—370IT) 290-450 IUPAC, 1997 ()
Comments sured rate coefficient ratio of k(CH;OCHg)/
(@ HO radicals were generated by the photolysis of k(n-butane)=0.918-0.090 is placed on an absolute
CH;ONO-NO-air mixtures at atmospheric pressure. ~ basis gy using a rate lcoelfﬁuent kfn-butane)=2.40
The concentrations of dimethyl ether andbutane(the X 10~*? cm® molecule ' s™* (this evaluatioi

reference compoundvere measured by GC. The mea- (b) HO radicals were generated by the photolysis of
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CH;ONO-NO-air mixtures at atmospheric pressure the data of which are between those of the other two absolute
The concentrations of dimethyl ether and cyclohexandemperature-dependent studies of Patyal! and Walling-

(the reference compouhavere measured by GC. The tonet al®

measured rate coefficient ratiok(CH;OCHjz)/ Because Arrhenius plots of the data of Melloekial > and
k(cyclohexangis placed on an absolute basis by use ofArif et al® show curvature, the rate coefficients of Tully and
a rate coefficient of k(cyclohexang=7.21x1012  Droege? Mellouki et al,® and Arif et al® have been fitted to

cm® moleculets™ ! at 298 K?2 the expressionk=CT? exp(—D/T), resulting in k=1.13
(c) Based on the absolute rate coefficient data of Tully and< 10~ *'T? exp(310T) cm® molecule 's™* over the tem-
Droege? perature range 230—-650 K. The preferred Arrhenius expres-
sion k=A exp(—B/T) is centered at 265 K and is derived
Preferred Values from the three-parameter expression witk- Ce’T? and B
=D+ 2T.

k=2.8x10"? cm® molecule t s™* at 298 K.
k=5.9x10 *? exp(—220) cm® molecule * s™* over the

temperature range 240-300 K. References
o 'R. A. Perry, R. Atkinson, and J. N. Pitts, Jr., J. Chem. Plty&.611
Reliability (1977.
A logk==0.10 at 298 K. zF. P. TuIIIIy and A. T. Droege, Int. J. them. KinGJQI, 251(1987})1.
_ T. J. Wallington, R. Liu, P. Dagaut, and M. J. Kurylo, Int. J. Chem. Kinet.
= +
A(E/R)==*=150 K. 20, 41 (1988,
4L. Nelson, O. Rattigan, R. Neavyn, H. Sidebottom, J. Treacy, and O. J.
Nielsen, Int. J. Chem. KineR2, 1111(1990.
Comments on Preferred Values _ .47 A. Mellouki, S. Teton, and G. Le Bras, Int. J. Chem. King®, 791
The reported room temperature absolutend relativé (1995,

rate coefficients exhibit appreciable scatter, covering a rangém. Arif, B. Dellinger, and P. H. Taylor, J. Phys. Chem. 201, 2436

of a factor of 1.6. The measured temperature 7(1997)- _ _ _

dependencié§3'5'6 are in reasonable agreement. The pre- T. J. Wallington, J. M._ Andino, L. M. Skewes, W. O. Siegl, and S. M.
.. Japar, Int. J. Chem. Kine21, 993(1989.

ferred values are based on the absolute rate coefficient studyypac, supplement v, 1997see references in Introduction

ies of Tully and Droegé,Mellouki et al.® and Arif etal.’  °R. Atkinson, J. Phys. Chem. Ref. D6, 215 (1997.

HO + CH3;COCH,0OH — products

Rate coefficient data

k/cn?® molecule* st Temp./K Reference Technigue/Comments
Absolute Rate Coefficients
(3.0+0.3)x107*? 298 Dagauet al, 1989 FP-RF
Reviews and Evaluations
3.0x10 12 298 IUPAC, 1997 @
Comments Comments on Preferred Values

The preferred value is based on the sole study of Dagaut
et al,! with expanded uncertainty limits, and is identical to
that in our previous evaluation, IUPAC, 1997.

(@ See Comments on Preferred Values.

Preferred Values

k=3.0x 10" "2 cn® molecule 1 s7! at 298 K. References
N 1p. Dagaut, R. Liu, T. J. Wallington, and M. J. Kurylo, J. Phys. Ch@g&.
Reliability 7838(91989' g Y Y
A logk=+0.3 at 298 K. 2]UPAC, Supplement V, 1997see references in Introduction
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HO + CH;00H — H,0 + CH,00H (1)

AH°(2)=—140 kImol™*

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

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

2.93x10 2 exd (190+ 14)/T] 223-423 Vaghjiani and Ravishankara, 1989 (a

5.54x10 12 298

kp,=1.78x 1012 ex (220+ 21)/T] 203-348 Vaghjiania and Ravishankara, 1989 (@

k,=(3.85+0.23)x 10 12 298
Relative Rate Coefficients

(1.02+0.08)x 107 * ~298 Niki et al, 1983 RR (b)

(1.09+0.12)x 10" 1 ~298 Niki et al, 198% RR (c)
Reviews and Evaluations

3.8x 10 12 exp(200T) 200-430 NASA, 199¥ (d)

2.9x 10712 exp(1907) 220-430 IUPAC, 1997 (e)

Comments Niki et al? and Vaghjiani and Ravishankatahe tem-

(@

(b)

(©

(d)

perature dependence was that measured by Vaghjiani
and Ravishankars.
See Comments on Preferred Values.

HO', HO'8, and DO radicals were generated by flash
photolysis or pulsed laser photolysis of the following ()
precursors: for HE&; CH;O0H, H0' and
0O3-H,0'% for HO'® H,0¥ and Q-H,0'% and for

DO, Dzo, Og,-Dzo, and Q—D2, and were monitored Preferred Values

by LIF. Rate coefficientsk; +k,) were obtained from

measurements of the decay rates of'iénd DO radi- k=5.5<10"** cm® molecule ' s™* at 298 K.

cals in the presence of excess {LMDH. Rate coeffi- k=2.9x10"*? exp(190T) cn® molecule *s™* over the
cientsk, were obtained from the decay rates of 1§0 temperature range 220-430 K.

radicals in the presence of GBOH. The CHOOH k,/k=0.35 over the temperature range 220-430 K.

radical formed in reaction channél) rapidly decom-

poses to HG-HCHO, and hence the use of HOal-  Reliability

lowed only the rate coefficierk, to be measured. A logk==0.2 at 298 K.

HO radicals were generated by the photolysis of A(E/R)==150K.

CH,ONO or GHsONO in air. The concentrations of ~ A(ki/k)=*0.15 at 298 K.

CH;OO0H and ethenéhe reference organievere mea-

sured by FTIR absorption spectroscopy. The measure@omments on Preferred Values

rate  coefficient ratio of k(HO+CH;OOH)/ The preferred values are those of Vaghjiani and
k(HO-+ethene}=1.20+0.09 is placed on an absolute Ravishankara. The preferred branching ratio, also taken
basis by use of a rate coefficient &{HO+ethene) from the absolute rate coefficient study of Vaghjiani and
=8.52¢10 12 cm® molecule L s at 298 K and atmo- Ravishankara, is in good agreement with the earlier mea-
spheric pressure of air® surement of Nikiet al? The preferred values are identical to
HO radicals were generated by the photo|ysisthose in our preViOUS evaluation, IUPAC, 19@7

of CH;ONO in air and the concentrations of
CH;O0H and CHCHO (the reference organic
measured by FTIR absorption spectroscopy. The mea-
sured rate coefficient ratio _Ok(HO+CH3OOH)/ 1G. L. Vaghjiani and A. R. Ravishankara, J. Phys. Ch88).1948(1989.
k(HO+CHyCHO)=0.68+0.07 is placed on an abso- 2y niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, J. Phys.
lute basis by use of a rate coefficient of Chem.87 2190(1983.

3 ; .

k(HO+CH3CHO)= 1.6X 10" e molecule 1 s 1 at 4NASA Evaluation No. 12, 1997see referencgs in Introductipn
. . IUPAC, Supplement V, 1997ee references in Introductipn

298 K (this evaluatioh 5R. Atkinson, J. Phys. Chem. Ref. Ddt$onograph 1, 1 (1989.

The 298 K rate coefficient was the average of those of°R. Atkinson, J. Phys. Chem. Ref. Da2§, 215 (1997.

References
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HO + HCOOH — products

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(4.62+0.78)x 10713 298-430 Wine, Astalos, and Mauldin, 1985 FP/PLP-RFa)
(4.90+0.12)x 10713 296 Jollyet al, 1986 PLP-RA (b)
2.91x 10 2 exd (102+ 194)/T] 297-445 Singletort al, 1988 PLP-RA
(4.47+0.28)x 10713 297
(3.7+0.4)x10° 1 298 Dagaukt al, 1988 FP-RF
Reviews and Evaluations
4.0x10° 8 290-450 NASA, 1997 (0
45x10° 13 290-450 IUPAC, 1997 (d)
Comments ficient data of Wineet al,* Jolly et al.? and Singletoret al3

. as been used to derive the preferred rate coefficient. e
(@ H atom formation was also measured b resonancg b dtod th f d rat ff t. Th
fluorescence. and an H-atom formation y?/eld of 0 75preferred values are identical to those in our previous evalu-

“ation, IUPAC, 1997.
*+0.25 measured. At 298 K, the measured rate coeffi-"r . & i of Winet al® and Jollyet al? showed that H

\c/:\;ggt chj);rtn?iiarlta?g“(t)r?a?ff?re :__:8 r;%:ii:ﬂlwrléggg)r?l_v{/ith atoms 1are produced in this reacition, With a yield of 30.75
HC(O)OH. +0.25: Furthe_rm_ore, Wlneet_al. and Smgle_to_net al:
(b) Experiments with added {Jed to nonexponential and shovv_e_d that within the_ experimental ur_wcerta_lntles the rate
slower HO radical decays, indicating the formation of po_efﬂme_:nt for the reaction of the HO radical with DX)OH
H atoms from the HO radical reaction with KIQ)OH. Is identical to that for .H.CO)OH at 298 K'. Also, the room .
(© Based on the data of Zetzsch and Sful¥ine et al,* tempgrature rate coefficients for the reacyopg of the DO radi-
Jolly et al.? Singletonet al.® and Dagauet al* cal with HQO)OD and DGO)OD are significantly lower
(d) See Comments on Preferred Values. than those foréhe reacnon_s of the HO radical with(@@OH
and DQO)OH.® This reaction then appears to proceed by

Preferred Values OH+HC(O)OH—H,0+HCO,
l
k=4.5x10 '3 cm® molecule * s™%, independent of tem- H+CO,

perature over the range 290—-450 K. ) )
with overall abstraction of the kbr D) atom from the —OH

(or —OD) group being the major pathway at room tempera-

Reliability
A log k=+0.15 at 298 K. ture.
A(E/R)= =250 K. References

Comments on Preferred Values 1P, H. Wine, R. J. Astalos, and R. L. Mauldin 1il, J. Phys. Ch&9).2620
(1985.

A major problem with the determination of the rate coef- 25"g Jolly, D. J. McKenney, D. L. Singleton, G. Paraskevopoulos, and A.
ficient for this reaction concerns the ready dimerization of R. Bossard, J. Phys. Che0, 6557(1986.
HC(O)OH. The studies of Wineet al.,! Jolly et al.? and 3D. L. Singleton, G. Paraskevopoulos, R. S. Irwin, G. S. Jolly, and D. J.
Singletonet al® monitored formic acid in the experimental 4';"059””93"{]-?’\‘;\/- ICI_he't“- Sgdi_q 778d6'(v|19fak o Int. 3. Chem. Kinet
systems used by UV absorption spectroscopy. The data fromyg 3‘33%‘3(”1585_ - Tingion, 1. H, ane il & Fo, T o hemm. et
these studiés® agree well, and are in reasonable agreementNASA Evaluation No. 12, 1997see references in Introduction
with the room temperature rate coefficient of Dagatal? °IUPAC, Supplement V, 1997see references in Introduction
The data of Wineet al and Singletoret al® show that the - Zetzsch and F. SturRroceedings of the 2nd European Symposium on

. . ... _the Physico-Chemical Behaviour of Atmospheric Pollutaetited by B.

temperature dependence of the rate coefficient is zero withinyersing and H. ottD. Riedel Publishing, Dordrecht, The Netherlands,

the experimental uncertainties. The average of the rate coef-1982, pp. 129-137.
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HO + CH3;COOH — products

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

1.3X 10 12 exf{ — (170+20)/T] 240-440 Dagauet al, 1988 FP-RF

(7.4+0.6)x10713 298

(8.67+0.65)x 10713 296.8 Singleton, Paraskevopoulos, and Irwin, £989 PLP-RA

(5.63+0.44)x 10713 326.2

(4.88+0.17)x10 %8 356.4

(4.09+0.14)x 10713 396.8

(3.95+0.07)x10° 13 446.2
Reviews and Evaluations

4.0x10 '3 exp(200T) 240-450 NASA, 1997 (@

8x10713 298 IUPAC, 1997 (b)

Comments non-Arrhenius manner with increasing temperature. At 400—

(@ The 298 K rate coefficient was the average of the daté1 40 K, the rate coefficients of Dagaet al.” and Singleton

2 .
of Dagautet al! and Singletoret al? The temperature étal” disagree by a factor of 2.2.

. The preferred 298 K rate coefficient is an average of the
dependence is betzween those reported by Dagaait data of Dagauet al® and Singletoret al2 No recommenda-
and Singletoret al:

(b) See Comments on Preferred Values. ]'Eion is made fegardir!g the tempgrature depgndence. Thg pre-
erred value is identical to that in our previous evaluation,
IUPAC, 1997 The rate coefficients of Singletcet al2 for
Preferred Values the reactions of the HO radical with GHE(O)OH,
k=8%10"13 crm® molecule ! s~ at 298 K. CD;C(O)OH, and CRC(O)OD indicate that at room tem-
perature the major reaction channel involves overall H-atom

N abstraction from the —OH bond:
Reliability
A log k=*0.3 at 298 K. HO+CH3C(0)OH—H,0+CH3CO,

References
Comments on Preferred Values

At 298 K, the rate coefficients of Dagaut al® and 'p. Dagaut, T. J. Wallington, R. Liu, and M. J. Kurylo, Int. J. Chem. Kinet.
Singletonet al? are in reasonable agreement. However, at,20, 331(1988. _
temperatures above 298 K, Dagaaital! observed the rate ?if;';‘gﬁtggée' Paraskevopoulos, and R. S. Irwin, J. Am. Chem. Soc.
CQGfﬂC'ent to ;ncrease with Incréasing temperature, W_h'|e3NASA Evaluation No. 12, 1997see references in Introduction
Singletonet al“ observed the rate coefficient to decrease in a*IUPAC, Supplement V, 1997see references in Introductijon

HO + C,H;COOH — products

Rate coefficient data

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

1.8x 10 *? exd —(120+30)/T] 298-440 Dagauet al, 1988 FP-RF

(1.22+0.12)x 10 *2 298

(1.07+0.05)x 1072 298-445 Singleton, Paraskevopoulos, and Irwin, $989 PLP-RA

(1.02+0.55)x 10 *? 298
Reviews and Evaluations

1.16x10 *? 298-445 Atkinson, 1994 @

1.2x10 %2 290-450 IUPAC, 1997 (b)
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Comments

(@ Derived from an average of all of the rate coefficients
of Dagautet al! and Singletoret al? These dath? in-
dicate that the rate coefficient is independent of tem
perature over the range 298-445 K.

ATKINSON ET AL.

(b) See Comments on Preferred Values.

Preferred Values

k=1.2x10 *? cm® molecule * s, independent of tem-
perature over the range 290-450 K.

Reliability
A logk==*0.2 at 298 K.
A(E/R)=*=300 K.

Comments on Preferred Values

The rate coefficients measured by Dagaital! and
Singletonet al? are in good agreement and indicate that the
rate coefficient for this reaction is independent of tempera-

ture over the range 298-445 K. The preferred value is an
average of all of the rate coefficients of Dagatial! and
Singletonet al,? combined with a zero temperature depen-
dence, and is identical to that in our previous evaluation,
IUPAC, 1997% The reaction is expected to proceed by
H-atom abstraction from the C—H bonds of the —Gifloup

and the O—H bond of the {O)OH group.

References

1p. Dagaut, T. J. Wallington, R. Liu, and M. J. Kurylo, Int. J. Chem. Kinet.
20, 331(1988.

2D. L. Singleton, G. Paraskevopoulos, and R. S. Irwin, J. Am. Chem. Soc.
111, 5248(1989.

3R. Atkinson, J. Phys. Chem. Ref. Ddt$onograph 2, 1 (1994).

4IUPAC, Supplement V, 1997see references in Introduction

HO + CH3;ONO, — products

Rate coefficient data

k/cm® molecule* s71 Temp./K

Reference Technigue/Comments

Absolute Rate Coefficients

(3.4+0.4)x 10" 298 Gaffneyet al, 1986 DF-RF (a)
8.8x1071° exd (1050+ 180)/T] 298-393 Nielseret al, 1997 PR-RA (b)
(3.2+0.5)x10 = 298+ 2
8.2x 10 1% exd —(1020*+ 60)/T] 221-414 Talukdaet al, 1997 PLP-LIF (c)
(2.36+0.16)x 10" 1 298
4.1x10 18 exd — (604+121)/T] 298-423 Shallcrosst al., 1997 DF-RF (d)
(4.7+1.0)x10" 1 298
Relative Rate Coefficients
(3.8+1.0)x10° = 303+2 Kerr and Stocker, 1986 RR (e)
(3.2£0.7)x10713 298+2 Nielsenet al, 1997 RR ()
(3.0+0.8)x10 307+3 Kakesuet al,, 1997 RR (g)
Reviews and Evaluations
5.0x 1073 exp(—890/T) 220-420 NASA, 1997 (h)
1.0x 10" exp(1060T) (1 bap 290-400 IUPAC, 1997 0
Comments tolysis of DONO at 355 nm and of £D,0 mixtures
(3 Conducted at 2.6—4.2 mb&2.0 Torr to 3.2 Torr of at 266 nm, respectively. The diluent gas pressure was

He.

(b) Conducted at 1 bar Ar.

() In addition to measuring rate coefficients for the reac-
tion of the HO radical with CHONO,, rate coefficients
were measured for the reactions of the HO radical with
CD;ONG, (298—-409 K, the DO radical with
CH,ONO, (246-353 K and the H®® radical with
CH,ONO, (253-298 K. HO, HO', and DO radicals
were generated by the pulsed laser photolysis of
HONO at 355 nm and of ©-H,O mixtures at 266 nm,
photolysis of Q—H,0' mixtures at 266 nm, and pho-

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999

varied from 67 mbarf50 Torn He plus 67 mbar50
Torr) SF; to 133 mbar(100 Tor) He and to 400 mbar
(300 Torp SF;, and up to 67 mbaf50 Torn of O, was
included in certain experiments. No effect of total pres-
sure, nature of the diluent gas, or presence pb@the
measured rate coefficients was observed. The rate co-
efficients for the reactions of the H®radical with
CH3;ONO, were essentially identical to those for the
corresponding HO radical reaction, while the measured
rate coefficients for the DO radical reaction were
~10-20% higher than the HO radical reaction. No



(d)
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evidence for formation of HO radicals was observedReliability

from these H® and DO radical reactions. The rate A logk="35 at 298 K.
coefficients for the reaction of the HO radical with A(E/R)= %400 K.

CD;ONO, were a factor of 3—4 lower than those for

HO+CH3;ONG, over the temperature range studied -,mments on Preferred Values

(298-409 K. . There are serious discrepancies between the room tem-
The rate coefficient at 298 K was measured over the,o a4 re rate coefficients of Gaffney al,* Talukdaret al,?

pressure range 2.7-27 mb@-20 Tory of He, with 5y Kakesuet al® and those of Kerr and StocKemnd

no effect of pressure being observed. Rate Coeﬁ'c'e”tﬁlielsenet al.2 of a factor of 10—13. Additionally, the tem-
at 333-423 K were measured over the pressure rang&a o re dependencies of Nielsenal2 and Talukdaet al3
1.3—4.0_mba|(1—3 Tor of He. , differ by ~2000 K. The positive temperature dependence
HO radicals were generated from the photolysis ofyhqeryed by Talukdaet al® is supported qualitatively by the
HONO.—alr mixtures at gtmospherlc pressure. The Conlow—pressure absolute rate study of Shallcressal.* al-
centrations of methyl nitrate and ethefibe reference 41 the rate coefficients of Shallcrassal? are a factor
organig were measured by GC. The measured ratg; 1 3_5 g higher than those of Talukderal® over the
coefficient ratio of k(HO+methyl nitrate)k(HO (o perature range 298—423 K. The reasons for these various
+et.hene)=0.0461 0.011 placed on an ﬁtz)sr(r)]gute discrepancies are not presently known, but we favor the re-
basis by use ofk(HO+etheney: 8'3? 107 sults of the Talukdaet al® study which are consistent with
molecule™s™* at 303 K and 1 atm of alf. H— (or D-) atom abstraction to form 4©+CH,ONO. The

(f) Relative rate method. HO radicals generated by thg,ensive absolute study of Talukdetral® shows no effect
photolysis of CHONO-NO-air mixtures at aimo- .t the measured rate coefficient on pressure or diluent gas
spheric pressure. The decays of LMO, and (133 mpar He—400 mbar SFnor on the presence or absence
(CHy)sCH were measured by GC. The rate coefficient up to 67 mbar of @ The experiments of Talukdat al®
ratio is placed on an absolute basis by use ofj, "the reactions H®CH,ONG,, HO“¥+CH,ONO,

_ —12 119 ! 1
K(HO+(CHg)sCH)=2.19x10 cr_n3 molecule™s " b4 CH,ONO, and HO+CH,ONO show no formation of

(9 Relative rate method. HO radicals were generateqyq ragicals from the H& and DO radical reactions with
by photolysis of @-H,0-0, mixtures at atmospheric . ONO, and the deuterium isotope effectlaf/kp,~4 at
pressure at~290-310 nm. Methyl nitrate and the 593 k js totally consistent with H4or D—) atom abstraction.
reference compound¢methane, ethane, and HFC-  1ho preferred values are obtained from a unit-weighted
1523 were monitored by GC. The measured rateg st squares analysis of the 221-298 K rate coefficients of
coefficient ratios are placed on an absolute_ basis by-p|ykdaret al® Because of the significant discrepancies be-
use _fzf rate coeff|C|§gts ofk(I:IlOJSE:H4)_—2.15 tween the various studiés® large uncertainty limits are as-
X107 exp(~1735T) ¢ " moleculelz s (this eval-  gjaneq to the 298 K rate coefficient and the temperature de-
uation, k(_TQj'CZHﬁ)_7'8X 10°"exp(-1025M)  pendence. Clearly, further absolute rate studies at
e’ molecules™*  (this  evaluation and k(HO atmospheric pressure of air are needed.
+CH3CHF,)=1.0<10" 2 exp(-990/T) cnt molecule
s~ 1.8 value cited is the unweighted average, with a two References
standard deviation error limit. 2 1J. S. Gaffney, R. Fajer, G. I. Senum, and J. H. Lee, Int. J. Chem. Kifiet.

(h) Based on the data of Talukdat al. 399 (1986.

(i) Based on the absolute and relative rate studies of Kerro0. J. Nielsen, H. W. Sidebottom, M. Donlon, and J. Treacy, Chem. Phys.
and Stocketand Nielseret al? Lett. 178 163(199).

3R. K. Talukdar, S. C. Herndon, J. B. Burkholder, J. M. Roberts, and A. R.
Ravishankara, J. Chem. Soc. Faraday Tra@8s2787(1997).

“D. E. Shallcross, P. Biggs, C. E. Canosa-Mas, K. C. Clemitshaw, M. G.
Harrison, M. Reyes [pez Alaron, J. A. Pyle, A. Vipond, and R. P.
Wayne, J. Chem. Soc. Faraday Tra®3,. 2807(1997).

Preferred Values 5J. A. Kerr and D. W. Stocker, J. Atmos. Chet).253(1986.
5M. Kakesu, H. Bandow, N. Takenaka, Y. Maeda, and N. Washida, Int. J.
k=2.3x 10" cm® molecule* s~* at 298 K. chem. Kinet29, 933(1997

"NASA Evaluation No.12, 1997see references in Introductipn

— —13 ;11
k=4.0x10"'3 exp(~845/T) cm® molecule * s™* over the 8|UPAC, Supplement V, 1997ee references in Introduction
temperature range 220-300 K. °R. Atkinson, J. Phys. Chem. Ref. Da28, 215 (1997).
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HO + C,H;ONO, — products

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
4.7x10 ¥ exd(716+ 138)/T] 298-373 Nielseret al, 1991 PR-RA (a)
(5.3+0.6)x10713 298+2
3.68< 10" exp(—10771) 223-394 Talukdaet al, 1997 PLP-LIF (b)
+5.32x 10" 4 exp(126T)
(1.80+0.12)x 10 %3 298
3.80x 10 2 ex — (699+ 140)/T] 298-373 Shallcrosst al,, 1997 DF-RF (c)
(3.30+0.66)x 1012 298
Relative Rate Coefficients
(4.9+2.1)x10713 303+2 Kerr and Stocker, 1986 RR (d)
(4.3+0.3)x10713 298+ 2 Nielsenet al, 1991 RR (e)
(2.4+1.0)x10° = 304+6 Kakesuet al, 1997 RR (f)
Reviews and Evaluations
8.2x 10 13 exp(—450/T) 223-298 NASA, 1996 (9)
4.4x 10" ** exp(720T) [1 baf 290-380 IUPAC, 1997 (n)

(a
(b)

(©

(e)

Comments

Conducted at 1 bar Ar.

Extensive study of the reactions of ethyl nitrate with
OH radicals(223—-394 K, HO'® radicals(300 K) and

DO radicals(229-378 K HO, HO'®, and DO radicals
were produced from the pulsed laser photolysis of
HONO at 355 nm, of @-H,0'® mixtures at 248 nm,

and of DONO at 355 nm, respectively. The diluent gas(f)
and total pressures were HI87—400 mbar50 Torr—

300 Torp], N, [400 mbar(300 Torp], SK; [267 mbar
(200 Torp] or He—Sk [133—-400 mbar(100-300
Torr)], and G partial pressures of 67 mb&0 Torn

were used in certain experiments. No effects on the
measured rate coefficients were observed on varying
the total pressure, the diluent gas, or the partial pres-
sure of Q. The measured rate coefficients for the re-
actions of the H® and DO radicals with ethyl nitrite
were 11%-16% higher than that for the HO radical
reaction, and no formation of HO radicals was ob-
served in the H& and DO radical reactions. ©
The rate coefficient at 298 K was measured over th?h)
pressure range 5.7-27 mb&t.3—19.9 Torr of He,
with no effect of pressure being observed. The rate
coefficients at 313 and 373 K were measured over the
pressure range 1.3—4.0 mh@r3 Torp of He.

HO radicals generated by photolysis of HONO-air
mixtures at atmospheric pressure. The concentrations
of ethyl nitrate and ethenghe reference organievere

CH;ONO—-NO-air mixtures at atmospheric pressure.
The concentrations of ethyl nitrate and
2-methylpropane(the reference organicwere mea-
sured by GC, and the measured rate coefficient ratio is
placed on an absolute basis by use of a rate coefficient
of k(HO+2-methylpropaney 2.19x 102 cm® mole-
culels®

Relative rate method. HO radicals were generated by
the photolysis of @-H,O—0, mixtures at atmospheric
pressure and at290-310 nm. The concentrations of
ethyl nitrate and the reference compounds ethane and
n-butane were measured by GC. The measured rate co-
efficient ratios are placed on an absolute basis by use of
rate coefficients ofk(HO+ethane}7.8x10 2 exp
(—1025T) cm® molecule*s™t  (this  evaluation

and k(HO+ n-butane)=9.1x 10" 2 exp(—395/T) cm®
molecule * s (this evaluatioh The value cited is the
unweighted average with a two standard deviation error
limit.

Based on the absolute rate coefficients of Talukdar
over the temperature range 223-298 K.

Baseld on the data of Kerr and Stoc¢kend Nielsen

et al:

Preferred Values

k=1.8x10 3 cm® molecule 1 st at 298 K.

— — 13 11
measured by GC. The measured rate coefficient ratio of K=6-7X10" ™ exp(~395/T) c® molecule ™ s~ over the

k(HO+ethyl nitrate) k(HO+ethene) 0.059+ 0.025 is
placed on an absolute basis by use of a rate coefficient
k(HO+ethene}8.32< 10" 2 cm® molecule 's™!  at
303 K and atmospheric pressure of &ir.

HO radicals were generated by photolysis of

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999

temperature range 230-300 K.

Reliability
A logk==*0.3 at 298 K.
A(E/R)= %400 K.
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Comments on Preferred Values appropriate for atmospheric purposes. The Arrhenius plots of
There are serious discrepancies between the absolute atttt HO and DO radical reactions exhibit significant

relative rate studies of Kerr and Stockand Nielseret al!  curvature’ The preferred values are based on a unit-
carried out at~1 bar total pressure and the extensive absoweighted least-squares fit of the 233-298 K rate coefficients
lute rate and relative rate studies of Talukdsral? and of Talukdar etal®? to the Arrhenius expressionk
Kakesuet al.® respectively, in both the room temperature =A exp(—B/T). Large uncertainty limits are assigned be-
rate coefficiert?* (a factor of 2.4—2.9and the temperature cause of the discrepancies between the various studies
dependenc&? The positive temperature dependence ob-noted above. Further absolute rate studies conducted at at-
served by Talukdaet al? is supported, qualitatively, by the mospheric pressure of air are required.

low-pressure absolute rate study of Shallcressl.? al-
though the rate coefficients of Shallcrastsal® are a factor

of ~1.8 higher than those of Talukdet al? The reasons for
these discrepancies are not known, but we favor the results
of the extensive Talukdaet al? study which are consistent
with H— (or D—) atom abstraction. The study of Talukdar
et al? showed no effect of total pressure, diluent §asg-
ing from 67 mbar(50 Torr of He to 267 mbaf200 Torp of
SF; or 400 mbar300 Tor) N,] or the presence or absence of
O, at a partial pressures of 67 mb@&O0 Torr) on the mea-
sured rate coefficients.

References

10. J. Nielsen, H. W. Sidebottom, M. Donlon, and J. Treacy, Chem. Phys.
Lett. 178 163(1991).

2R. K. Talukdar, S. C. Herndon, J. B. Burkholder, J. M. Roberts, and A. R.
Ravishankara, J. Chem. Soc. Faraday Tr@8s2787(1997).

3D. E. Shallcross, P. Biggs, C. E. Canosa-Mas, K. C. Clemitshaw, M. G.
Harrison, M. Reyes [pez Alaron, J. A. Pyle, A. Vipond, and R. P.
Wayne, J. Chem. Soc. Faraday Tra®3, 2807 (1997).

4J. A. Kerr and D. W. Stocker, J. Atmos. Chet)).253(1986.

While the study of Talukdaet al? was not carried out in ~ °M. Kakesu, H. Bandow, H. Takenaka, Y. Maeda, and N. Washida, Int. J.
hem. Kinet.29, 933(1997.

air at 1 bar pre;surg, the d,ata Obti,imed Strongly SqueSt_th@ﬁASA Evaluation No. 12, 1997see references in Introduction
the rate coefficient is consistent with an H-atom abstraction?|ypac, supplement V, 1997see references in Introductipn

process and that the measured rate coefficients should b&. Atkinson, J. Phys. Chem. Ref. Da2§, 215 (1997.

HO + 1-C3;H,0ONO, — products

Rate coefficient data

k/cm® molecule st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
5.0x 10" 1% ex{ (140+ 144)T] 298-368 Nielseret al, 1997 PR-RA (a)
(8.2+0.8)x10713 298+ 2
Relative Rate Coefficients
(7.2£2.3)x10°13 3032 Kerr and Stocker, 1986 RR (b)
(6.0+1.0)x10713 298+2 Atkinson and Aschmann, 1989 RR (c)
(7.2+0.8)x10°13 298+2 Nielsenet al, 1991 RR (d)
Reviews and Evaluations
7.3x10 3 (1 bay 290-370 IUPAC, 1997 (e)

carried out in a 6400 L Teflon chamber. The concen-
trations of 1-propyl nitrate and cyclohexaftbe refer-
ence organicwere measured by GC, and irradiations
in the absence of C¥DNO allowed the photolysis
of 1-propyl nitrate to be accurately taken into account

Comments

(@ Carried out in 1 bar Ar.

(b) HO radicals were generated by the photolysis of
HONO-—air mixtures at atmospheric pressure. The de-
cay rates of 1-propyl nitrate and ethefibe reference

(©

organig were measured by GC and rate coefficient ra-
tio k(HO+1-propyl nitrate/k(HO+etheng= 0.086
+0.027 is placed on an absolute basis by use of a rate
coefficient ofk(HO+etheng=8.32< 10 2 cm® mole-
cule ! s at 303 K and atmospheric pressure of°air.

HO radicals were generated by the photolysis of(d)
CH3;ONO at~1 bar air at>300 nm. Experiments were

in the data analysis. The measured rate coefficient
ratio of k(HO+1-propyl nitrate/k(HO+cyclohexang
=0.083+0.013 is placed on an absolute basis by use of
a rate coefficient of k(HO+cyclohexang=7.21

X 1072 cm® molecule * st at 298 K°

HO radicals were generated from the photolysis of
CHZONO in 1 bar air at>290 nm. The concentrations

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999
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of 1-propyl nitrate and 2-methylproparthe reference cients from the studies of Kerr and Stockemd Nielsen
organi were measured by GC. The measuredet al.! while for 2-CH,ONG, the 298 K rate coefficients of
rate coefficient ratio k(HO+1-propyl nitrat¢/k(HO  Talukdaret al® and Atkinson and Aschmafrdisagree by
+2-methylpropangis placed on an absolute basis by 37% (suggesting for one that the discrepancies decrease as
use of a rate coefficient di(HO+2-methylpropane the reactivity of the alkyl nitrate increage#.ccordingly, the
=2.19x10 *2 cm® molecule *s* at 298 K® 298 K rate coefficient of Atkinson and Aschménis used
Based on the data of Kerr and Stockektkinson and  for the preferred value, and no temperature dependence is
Aschmanr? and Nielseret all recommendednote that by analogy with the reaction of the
OH radical with 2-propyl nitratdthis evaluatiol, the tem-
perature dependence of the rate coefficient is likely to be
small. That 1-propyl nitrate is more reactive than 2-propyl
nitrate is expected from structure—reactivity relationships
based on assuming that the reaction proceeds by H-atom ab-
straction, as concluded by Talukdetral® for methyl nitrate,
ethyl nitrate, and 2-propyl nitrate.

(e)

Preferred Values

k=6x10"13 cm® molecule *s™! at 298 K and 1 bar air.

Reliability
A logk==*0.3 at 298 K(1 bayp.

Comments on Preferred Values

The absolute and relative rate coefficients of Kerr and
StOCkeIZ, Al\tkmson and ASChmanﬁand Nielseret ﬁl' are. n h 10. J. Nielsen, H. W. Sidebottom, M. Donlon, and J. Treacy, Chem. Phys.
reasonab e agreement at room temperature. All studies havg g 175 163 (1991,
been carried out at-1 bar pressure. 2J. A. Kerr and D. W. Stocker, J. Atmos. Che#).253 (1986.

The absolute rate coefficient study of Talukdaral® for ~ °R. Atkinson and S. M. Aschmann, Int. J. Chem. Kirit, 1123(1989.

References

the HO radical reactions with GGONO, and GH;ONG, is
in serious disagreemeftty a factor of 13—16 for CEDNO,
and a factor of 2.6—2.9 for £1;0NO,) with the rate coeffi-

4IUPAC, Supplement V, 1997see references in Introduction

5R. Atkinson, J. Phys. Chem. Ref. Da2§, 215(1997).

SR. K. Talukdar, S. C. Herndon, J. B. Burkholder, J. M. Roberts, and A. R.
Ravishankara, J. Chem. Soc. Faraday Tra@8s2787(1997).

HO + 2-C3H,0ONO, — products

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
4.3x 10" *2 exp(—12501T) 233-395 Talukdaet al, 1997 PLP-LIF (a)
+2.5x107 2 exp(—32/T)
(2.88+0.19)x 10 *® 298
Relative Rate Coefficients
(1.74+0.44)x 10713 299+2 Atkinsonet al, 1987 RR (b)
(5.5+2.2)x10°13 295+ 2 Becker and Wirtz, 1989 RR (c)
(3.97+0.51)x10 3 298+ 2 Atkinson and Aschmann, 1989 RR (d)
Reviews and Evaluations
4.9x10° 8 298 IUPAC, 1997 (e
Comments K, respectively, with 298 K rate coefficients of (3.15
) ) ) + - 13 11
(@ Experiments were carried out as a function of total +0.20)x 10 ** cm® molecule ' s and (3.6:0.4)

x 10" 13 cm® molecule * s72, respectively.

HO radicals were generated from the photolysis of
CH3;ONO in ~1 bar air at>300 nm. Experiments were
carried out in an~75 L Teflon chamber, and concur-
rent photolysis of 2-propyl nitrate was indicated from
the data analysis. The concentrations of 2-propyl ni-

pressure and with different diluent gagé83 mbar He )
to 400 mbar Sf) and with up to 80 mbar ©present.

No effect of pressure, diluent gas or presence or ab-
sence of @ on the measured rate coefficients were ob-
served. Rate coefficients for the reaction of ¥@nd

DO radicals with 2-propyl nitrate were also measured
over the temperature ranges 233-298 K and 230-403

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999

trate and cyclohexanéthe reference organicwere
measured by GC. The measured rate coefficient ratio of
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k(HO-+2-propyl nitratek(HO+cyclohexang= 0.024 Talukdaret al! provided no evidence for the rate coefficient
+0.006 is placed on an absolute basis by use of a ratlto depend on total pressure, nature of the diluent gas, or the
coefficient of k(HO-+cyclohexang=7.24x10 2 cm®  presence of @at pressures up to 80 mbgs0 Tory. Addi-
molecule *s™* at 299 K® tionally, the use of DO radicals showed no evidence for the
HO radicals were generated from the photolysis offormation of HO radicals as a reaction product. However, as
CH,ONO in 1 bar air at 280-450 nm. Experiments hoted in the data sheets for the reactions of the HO radical

were carried out in a 36.5 L quartz chamber, and phowith CH;ONO,, and GHsONO,, the experiments of Taluk-
tolysis of 2-propyl nitrate was indicated from the data dar et al! were not actually carried out in air at 1 bar total
analysis. The concentrations of 2-propyl nitrate andpressure.

n-butane (the reference organicwere measured by  Arrhenius plots of the rate coefficients for the reactions of
GC-MS and GC, respectively. The measured rate coefHO, HO™, and DO radicals with 2-propyl nitrate exhibit
ficient ratio of k(HO+2-propyl nitrat¢/k(HO  significant curvaturéespecially pronounced for the DO radi-
+n-butane)=0.23+0.09 is placed on an absolute ba- cal reaction for which the measured rate coefficient was in-
sis by use of a rate coefficient &(HO+n-butane) dependent of temperature over the range 230-259TKe
=2.4x10 *? cm® molecule * st at 295 K(this evalu- measured temperature dependencies at around 298 K and
ation). below are quite small, although it may be noted that the
HO radicals were generated by the photolysis oftemperature dependenciés; A exp(—B/T), of the HO radi-
CH5;ONO in ~1 bar air at>300 nm. Experiments were cal reaction with the similarly slowly reacting compounds
carried out in a 6400 L Teflon chamber. The concen-methanol, acetone and 2,3-butanedidniacety) at ~265 K
trations of 2-propyl nitrate and cyclohexaftbe refer- are B=360, 520, and 336 K, respectivelfhis evaluation
ence organicwere measured by GC, and irradiations and Ref. 7. The room temperature relative rate coefficient of
in the absence of C}ONO allowed the photolysis of Atkinson and Aschmarfnwhich supersedes the earlier data
2-propyl nitrate to be accurately taken into account inof Atkinson et a|_-2)_ is 37% higher than the recommended
the data analysis. The measured rate coefficient ratio 0298 K rate coefficient, which may be considered reasonable
k(HO+2-propy! nitratg/k(HO+cyclohexang=0.055 agreement because of the low rate coefficientthe low end
+0.007 is placed on an absolute basis by use of a ratef those reported by that research grpapmd hence small

coefficient of k(HO+cyclohexang=7.21x10 2  fraction of 2-propyl nitrate reacted during the experiments.
cm® molecule* st at 298 K® This study supersedes The relative rate coefficient of Becker and Wirtg almost a

the earlier study of Atkinsoet al? factor of 2 higher than the recommendations, but has high
Obtained from an average of the rate coefficients ofcited uncertainties.
Becker and Wirt3 and Atkinson and Aschmarfn. We attach rather large uncertainties to the recommended

values of the 298 K rate coefficient aBdR until the data of
Talukdaret al! are confirmed by absolute techniques in air
at 1 bar pressure.

Preferred Values

k=2.9x10 ¥ cm® molecule 1 s ! at 298 K.
k=6.2x10 12 exp(—230/T) cm’molecule *s ! over the

temperature range 230-300 K. References
Reliability R. K. Talukdar, S. C. Herndon, J. B. Burkholder, J. M. Roberts, and A. R.
A logk==0.2 at 298 K. Ravishankara, J. Chem. Soc. Faraday Tr@8s2787(1997).

A(E/R)= =300 K

Comments on Preferred Values

2R. Atkinson, S. M. Aschmann, W. P. L. Carter, and A. M. Winer, Int. J.
Chem. Kinet.14, 919 (1982.

3K. H. Becker and K. Wirtz, J. Atmos. Cherf, 419(1989.

4R. Atkinson and S. M. Aschmann, Int. J. Chem. Kir2t, 1123(1989.
5JUPAC, Supplement V, 1997see references in Introduction

The preferred values are based on the absolute 233—300 Kg atinson, J. Phys. Chem. Ref. Da8, 215(1997.
rate coefficients of Talukdaet al® The extensive study of 7R. Atkinson, J. Phys. Chem. Ref. Datonograph 2, 1 (1994.
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HO + 1-C4,HyONO, — products

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(1.74+0.19)x 1072 298+2 Nielsenet al, 1991 PR-RA (a)
Relative Rate Coefficients
(1.35+0.11)x 10712 299+2 Atkinsonet al, 1982 RR (b,0
(1.720.19)x 10 *? 298+2 Atkinson and Aschmann, 1989 RR (b,d)
(1.52+0.08)x 10 12 298+2 Nielsenet al, 1997 RR (b,®
Reviews and Evaluations
1.71x 1072 298 Atkinson, 1994 (f)
Comments (f) Based on an average of the absolute and relative rate
. coefficients of Atkinson and Aschmahand Nielsen
(@ Carried out at a total pressure of 1 bar Ar. ot all
(b) HO radicals were generated by the photolysis of '
CH3ONO in air gt atmospheric p_ressq&97—1.0 bar. Preferred Values
The concentrations of 1-butyl nitrate and the reference
organic were measured by GC. k=1.7x10 2 cm® molecule 1 s~ at 298 K.

(0 The measured rate coefficient ratio ok(HO
+1-butyl nitrate/k(HO+cyclohexang=0.187+0.014 Reliability
is placed on an absolute basis by use of a rate coeffi- 5 logk=0.2 at 298 K.
cient of k(HO+cyclohexang="7.24x 10" *? cn® mol-
ecule*s™! at 299 K Experiments were carried out in
an ~ 75 L Teflon chamber, and the data were inter-
preted as involving concurrent photolysis of 1-butyl ni-

Comments on Preferred Values
The absolute and relative rate coefficients of Atkinson and

trate. Aschzmanﬁ (WhiCh supelrsede_s the earlier data of Atkinson

(d) Experiments were carried out in a 6400 L Teflon cham-€t al?) and N.|elsenet al- are in good agreement. The_ pre-
ber, and irradiations were also carried out in the apferred value is an average of the absolute and relative rate
sence of CHONO, allowing the photolysis rate to be constants pf Atkinson qnd Aschmarand Nﬁelsen_et allBy
accurately allowed for in the data analysis. The mea@l09y with the reaction of the HO radical with 2-propyl
sured rate coefficient ratio dé(HO+1-butyl nitrate/ nitrate (thl's'evaluatlom the temperatu.re .dependence of the
k(HO+cyclohexang=0.237+0.025 is placed on an- rate coefficient at temperatures300 K is likely to be small.

absolute basis by use of a rate coefficientk¢HO References
+cyclohexang=7.21x 10 2 cm® molecule ' s at
5 ; 2
298 K> These data SUpersede thqse of Atkl'nemal. 10. J. Nielsen, H. W. Sidebottom, M. Donlon, and J. Treacy, Chem. Phys.
(e The measured rate coefficient ratiok(HO Lett. 178 163(1991).
+1-butyl nitrate/k(HO+2-methylpropang is placed 2R. Atkinson, S. M. Aschmann, W. P. L. Carter, and A. M. Winer, Int. J.

: . Chem. Kinet.14, 919(1982.
on an absolute basis by use of a rate COefﬁ(:lem3R. Atkinson and S. M. Aschmann, Int. J. Chem. Kir2t, 1123(1989.

— 12
of k(HO+2-methprropan)e=2.19>< 10 cn® mole- 4R. Atkinson, J. Phys. Chem. Ref. Daonograph 2, 1 (1994.
cule st at 298 K 5R. Atkinson, J. Phys. Chem. Ref. Da28, 215 (1997).

HO + 2-C,HyONO, — products

Rate coefficient data

k/cn?® molecule* st Temp./K Reference Technique/Comments
Relative Rate Coefficients
(6.6+1.0)x10713 299+2 Atkinsonet al,, 1982 RR (a,b
(8.9+1.6)x10° 298+2 Atkinson and Aschmann, 1989 RR (a,0
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Comments Preferred Values

HO radicals were generated by the photolysis of k=9x10"23 cm® molecule st at 298 K.
CH;ONO in 1 atm of air. The concentrations of 2-butyl
nitrate and the reference organic were measured b
GC.

Experiments were carried out in an75 L Teflon
chamber, and the data were interpreted as involving

concurrent photolysis of 2-butyl nitrate. The measuredComments on Preferred Values

rate constant ratio ofk(HO+2-butyl nitrate)k(HO The preferred value is based on the rate coefficient of At-
+cyclohexaney 0.091+0.013 is placed on an abso- kinsonand Aschmanhwhich supersedes the earlier study of
lute basis by use of a rate coefficient &{HO  Atkinson et all By analogy with the reaction of the HO
+cyclohexaney 7.24< 10" *? cm® molecule st at  radical with 2-propyl nitratgthis evaluatiol, the tempera-
2099 K3 ture dependence of the rate coefficient at temperatgB890
Experiments were carried out in a 6400 L Teflon cham-K is likely to be small.

ber, and irradiations were also carried out in the ab-
sence of CHONO allowing the photolysis rate to be
accurately allowed for in the data analysis. The mea-
sured rate coefficient ratio df(HO+2-butyl nitrate)/
k(HO+cycIoh.exane§: 0.123:0.021 is p_Ia_ced on an 1R. Atkinson, S. M. Aschmann, W. P. L. Carter, and A. M. Winer, Int. J
absolute basis by use of a rate coefficientkdHO Chem. Kinet.14 9'19(1982. S ’ - Y

— 12 511
+cyclohexaney 7.21x 10~ *2 cm® molecule * s at 2R. Atkinson and S. M. Aschmann, Int. J. Chem. Kirt, 1123(1989.
298 K2 These data supersede those of Atkinsbal! 3R. Atkinson, J. Phys. Chem. Ref. D28, 215(1997).

Reliability
A logk==*0.3 at 298 K.

References

HO + CH3;C(O)OONO, — products

Rate coefficient data

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

<1.7x10°*3 299+ 1 Wineret al, 1977 FP-RF

1.23x10 2 exd —(651=229)/T] 273-297 Wallington, Atkinson, and Winer, 1984 FP-RF

(1.37+0.05)x 10" 13 297+2

(7.5+1.4)x10" 1 298 Tsalkaniet al, 1988 DF-EPR

<3.0x107% 298 Talukdaret al, 1995 FP/PLP-LIF(a)
Reviews and Evaluations

<4x10 4 298 NASA, 1997 (b)

9.5x 10 13 exp(—650/T) 270-300 IUPAC, 1997 (0

Comments (c) Based on the data of Wallingtoet al? and Tsalkani
. . etal

(@ Experiments were carried out over the temperature

(b)

range 253-298 K, using the pulsed laser photolysis of

HONO at 355 nm, the pulsed laser photolysis of

0O3—H,0 mixtures at 266 nm, or the flash photolysis of Preferred Values
H,O at 165-185 nm. The measured HO radical decay
rates corresponded to rate coefficients in the range
(0.82—2.50% 10 ** cm® molecule * s~* with no obvi-

ous dependence on temperature. The measured HOomments on Preferred Values

radical decay rates were attributed to the reaction of The preferred upper limit to the 298 K rate coefficient is
HO radicals with HCHO impurity, and a conservative the upper limit reported by Talukdat al? from an exten-
upper limit to the rate coefficienk was cited (see sive and careful study. The higher rate coefficients measured
table. by Wallington et al? and Tsalkaniet al® were almost cer-
Based on the data of Talukdat al* taintly due to the presence of reactive impurities.

k<3x10 ' cm® molecule * s at 298 K.
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References 3N. Tsalkani, A. Mellouki, G. Poulet, G. Toupance, and G. Le Bras, J.
Atmos. Chem7, 409(1988.
1A, M. Winer, A. C. Lloyd, K. R. Darnall, R. Atkinson, and J. N. Pitts, Jr. 4R. K. Talukdar, J. B. Burkholder, A.-M. Schmoltner, J. M. Roberts, R. R.

Chem. Phys. Lett51, 221 (1977. Wilson, and A. R. Ravishankara, J. Geophys. R&§) 14163(1995.
2T. J. Wallington, R. Atkinson, and A. M. Winer, Geophys. Res. L&t ®NASA Evaluation No. 12, 1997see references in Introduction
861 (1984). 8IUPAC, Supplement V, 1997see references in Introductipn

HO + CH3;COCH,ONO, — products

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Comments
Relative Rate Coefficients
<4.1x10718 298+ 2 Zhu, Barnes, and Becker, 1991 @
Reviews and Evaluations
<1x10°*? 298 IUPAC, 1997 (b)
Comments Preferred Values

(@ Relative rate method. HO radicals were generated by k<1x10"12 ¢cm® molecule st at 298 K.

the photolysis of CHONO—-NO—-N-O, mixtures at 1
b Th irati ¢ CH.ON Comments on Preferred Values

ar pressure. The concentrations o LOCH, _ O, The preferred value is based on the sole study of Zhu
andn-butane were measured during the experiments by 4 1 byt with a higher upper limit to reflect additional

GC, and the measured rate constant ratio Ofyncertainties, and is identical to that in our previous evalua-
k(CH;COCH,ONO,)/k(n-butane)<0.17 is placed on tjon, IUPAC, 1997

an absolute basis by use of a rate coefficient of
k(n-butane)=2.4x 10" 2 cn® molecule *s™*  (this References
evaluation.

(b) See Comments on Preferred Values 1T, Zhu, |. Barnes, and K. H. Becker, J. Atmos. Chei8, 301 (1991).

2|UPAC, Supplement V, 1997see references in Introduction

HO + HCN — products

Rate coefficient data

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

1.2x 10 3 exp(—400IT) 296-433 Fritzet al, 1984 FP-RA(a)

(3+x1)x10 % 298
Reviews and Evaluations

1.2x 1071 exp(—4001T) 290-440 NASA, 1997 (b)

1.2x 10 2 exp(—400/T) (1 bap 290-440 IUPAC, 1997 (©

Comments (b) Based on the data of Friet al!

- c) See Comments on Preferred Values.
(@ The measured rate coefficients were observed to b((—:)

pressure dependent over the rangd3-600 mbar
(~10-450 Tory of N, diluent. The cited rate coeffi-
cients are those extrapolated to the high-pressure limit Preferred Values

(Ke). k=3x10"' cm® molecule*s* at 298 K and 1 bar.
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k=1.2x10 '3 exp(—400/T) cm® molecule *s * over the  pressure limit. The preferred values are identical to those in
temperature range 290—440 K at 1 bar. our previous evaluation, IUPAC, 1997.

The reaction proceeds by HO radical addition over this
temperature range. At higher temperatures the available rate

Reliabilit o - . ) )
Y coefficient data indicate a direct abstraction reaction.

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

Comments on Preferred Values

The preferred values are those of Fritzal® with wider 1B. Fritz, K. Lorenz, W. Steinert, and R. Zellner, Oxid. Com6j.363

L . ; o (1984,

error limits. The_ rate coefficient increases with mcrea.smgzN ASA Evaluation No. 12, 1997see references in Introduction
pressure over this temperature range, andlthe rate cqeﬁluentﬁJpAQ Supplement V, 1997see references in Introductipn
cited are those extrapolated by Frigt al.” to the high-  “R. Atkinson, J. Phys. Chem. Ref. Dattonograph 1, 1 (1989.

HO + CH3;CN — products

Rate coefficient data

k/cn?® molecule* st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(2.1+0.3)x10" 1 295+2 Pouletet al, 1984 DF-EPR
(8.6x1)x10° % 393
6.28< 10" 2 exp(—10301T) 250-363 Kurylo and Knable, 1984 FP-RF
(1.94+0.37)x10° 4 298
1.1xX 10 12 exy{ — (1130+ 90)/T] 256-388 Hynes and Wine, 1991 PLP-LIF (a)
(2.48+0.38)x 10" 4 298
Reviews and Evaluations
7.8x 10 13 exp(—10507) 250-390 NASA, 1997 (b)
8.1x 10 3 exp(—1080T) 250-390 IUPAC, 1997 (0
Comments Reliability

(@ No definitive evidence for a pressure dependence of the A logk=20.15 at 298 K.
rate coefficient for the H®CH;CN reaction was ob- A(E/R) =200 K.
served over the pressure range 61-933 nithér700
Torr) of N, diluent or 40—-840 mbaf30—630 Tory of  Comments on Preferred Values
He diluent. In the presence of;,Othe HO radical de-  The preferred 298 K rate coefficient is a unit-weighted
cays were nonexponential indicating regeneration ok erage of the rate coefficients of Pousetal, Kurylo and
HO radicals. » Knable? and Hynes and Win&The temperature dependence
(b) The room temperature rate coefficient was based on the .
- 1 15 the mean of those determined by Kurylo and Knabied
absolute rate coefficients of Pouletal.,” Kurylo and H d Winé Th hani d products of thi
Knable? Rhasa (unpublished data, 1983and Hynes ynes and Win€.The mechanism and products otthis reac-

and Wine® and the temperature dependence was delion are not understood at present. Hynes and Winte

rived from the studies of Kurylo and Knabfehe 295—  Served no definitive evidence for a pressure dependence of
391 K data of Rhsa (unpublished data, 1983and the rate coefficient for the HOCH;CN reaction in N or He
Hynes and Winé. diluent over the pressure ranges 61-933 niér700 Tory
(c) See Comments on Preferred Values. or 40—840 mbaf30-630 Tory, respectively. In the presence
of O,, the HO radical decays were nonexponentiadicat-
ing regeneration of HO radicals. Combined with analogous

Preferred Values data for the reactions of HO radicals with GIN [for which

k=2.2x10"* cm® molecule 1 s™* at 298 K (1 bay. the rate coefficient was pressure dependent over the pressure
k=8.1x 1013 exp(~1080T) cn® molecule 's*  over  range 53—923 mhdA0-692 Tory of N, diluent® and of DO
the temperature range 250—390 K at 1 bar. radicals with CHCN and CDCN,? it appears that the initial
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HO radical reaction proceeds by H-atom abstraction from theoefficient at low total pressure$<0.1 bay, the preferred
—CHj,; group and HO radical addition to the —CN grotp.  values, which are identical to those in our previous evalua-
tion, IUPAC, 1997 are applicable to atmospheric condi-

tions.
H,0 + CH,CN
HO + CH,CN —— References
t 1G. Poulet, G. Laverdet, J. L. Jourdain, and G. Le Bras, J. Phys. G&m.
[CH3CNOH] 6259 (1984.

: . : 2M. J. Kurylo and G. L. Knable, J. Phys. Che88, 3305(1984.
Subsequent reactions of the addition adduct in the presenoé/\('_ 3. Hynes and P. H. Wine, 3. Phys. ChedB, 1232 (1991,

of O, then lead to the regeneration of HO radicals. In view of 4nasa Evaluation No. 12, 1997see references in Introduction
the possibility of a pressure dependence of the 298 K rat€IUPAC, Supplement V, 1997ee references in Introductipn

H02+CH302—>02+CH300H

AH°=—156 kJmol™*

Rate coefficient data

k/cm® moleculet s7* Temp./K Reference Technique/Comments
Absolute Rate Coefficients
7.7X107 1 exd (1296+ 364)/T] 274-338 Cox and Tyndall, 1980 MM-AS (a)
(6.5+1.0)x10° 12 298
(5.4+1.1)x 10712 300 Jenkiret al, 198 MM-IR-AS (b)
3.0x 10 '3 ex{d (720+100)/T] 228-380 Dagaut, Wallington, and Kurylo, 1§88 FP-AS(c)
(2.9+0.4)x 10712 298
(4.8£0.2)x 10712 300 Moortgatet al, 1989 MM-IR-AS (d)
4.4x 10713 ex( (780+ 55)/T] 248-573 Lightfoot, Veyret, and Lesclaux, 1890 FP-AS(e)
(6.2+1.0)x10 2 298
2.9x 10713 exd (862+ 44)/T] 248-700 Lightfootet al, 199P (f)
Reviews and Evaluations
5.6x 10713 exp(640T) 228-573 Wallington, Dagaut, and Kurylo, 1992 (9)
4.1x 10 '3 exp(790T) 230-680 Lightfootet al, 1992 (h)
3.8x 10 13 exp(800T) 228-573 NASA, 1997 ()
3.8x 10 3 exp(780T) 225-580 IUPAC, 199 ()
Comments X 10712 cm® molecule * s1, which was taken as con-
firmation of the value obtained at 13 mb@0 Tor.

(@ MM study of photolysis of C] in the presence of
CH,—H,—0O, mixtures at 1 bar pressure. @B, and
HO, radicals were monitored by absorption at 250 and
210 nm respectively.

(b) MM study of photolysis of C] in the presence of
CH,—H,0,—0, mixtures. HQ radicals were monitored

(c) FP-UV absorption study involving
Cl,—CH;OH-CH,—0,—N, mixtures at total pressures
of 130 mbar(100 Tory; o(HO,) and o(CH30,) were
determined over the wavelength range 215 nm to 280
nm. At 250 nm o(CH;0,)=3.3x10 8 cn?

by IR absorption with a tunable diode laser andOki mo!eculél'\{vas determined. First— or seco.nd—order ki-
monitored by UV absorption at 260 nna:(CHyO,) netic conditions were not obtainable for either Hay
=3.53x 10" 18 cm? molecule’ ! was determined at 260 CH;0, andk was determined from computer modeling
nm. k determined from observed perturbation of the of the absorption decay curves.

second-order kinetics of the HQadical self-reaction (d) Study of the photooxidation of CJEHO at 930 mbar

by the presence of CJ®, in large excess. Experiments (700 Torp, with double multipath spectrometer, com-
were carried out at a total pressure of 13 mihD bining both IR and UV absorption spectrometry for
Torr). Similar experiments on mixtures of monitoring reactants and products, together with modu-
Cl,—H,—CH,—0O, were performed at 1 bai760 Torp lated photolysis for transient detection. Transient ab-
total pressure and 303 K and vyieldéd- (6.8+0.9) sorptions were assigned to peroxy radicals and the rate

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999



EVALUATED KINETIC AND PHOTOCHEMICAL DATA 253

coefficient was obtained from kinetic analysis by com-studies' The A factor was then adjusted to fit the preferred
puter simulation. value ofk,qg. The preferred rate parameters are in agreement

(e) FP-UV absorption study of GFCH;OH-CH,—O,—N,  with the most recent NASA recommendation.
mixtures at pressure of 160 or 1000 miyaR0 or 760 The studies of Kurylet al,*! Jenkinet al.? and Lightfoot
Torr). Revised cross-section data were use(HO,) et al® show that the room temperature rate coefficient is in-
=5.3x10 ¥ cnP molecule! at 210 nm and dependent of pressure over the range 13—1000 r(is
(CH;0,) =3.6x 10 8 cn? molecule * at 260 nm. 760 Tory.

(f) FP-UV absorption study of G+CH;OH-CH,—0O,—N, The possibility of a second reaction channel, yielding
mixtures at 1 baf760 Torp and over the temperature HCHO+H,O+0,, discussed by Jenkiret al.? receives
range 600—719 K. The temperature-dependent rate come indirect support from the study of Moortgettal?
efficient listed above was derived by the authors from aThey calculated a rate coefficient ok(HO,+CH30,
re-analysis of all of their data, including previous stud- —O,+CH;OO0H)=23.5x 10" *2 cm® molecule * s* at room
ies from flash photolysis experiments. temperature from the computer simulation of the rate of for-

(g) Derived from an analysis of the data of Cox and mation of CHOOH. Since this is lower than their value
Tyndall! McAdam etal,'! Kurylo etal,’? Jenkin based on the rate of decay of the peroxy radicals, they con-
et al,? Dagautet al.,®> Moortgat et al,* and Lightfoot  cluded that there could be an additional product channel.
et al® More direct information concerning the possible second

(h) kyeg is an average value of the data of Cox andchannel comes from studiés* of the products of the
Tyndall! McAdam et al,'* Jenkin etal,”? Dagaut HO,+CH;0, reaction, by FTIR spectroscopy. Over the pres-
et al.® Moortgatet al.* and Lightfootet al® sure range 20—930 mbdl5-700 Torf Wallington'® has

(i) kogg is the averaged value of data from Cox andshown that (92-5)% of the HQ+CH30, reaction produces
Tyndalll McAdam et al,'* Kurylo etal,'? Jenkin  O,+CH;OOH and Wallington and Hurléy have shown that
et al,”> Moortgatet al,* and Lightfootet al® E/R de-  the reaction between HGnd CD,0, radicals produces only
rived from the data of Cox and TynddllDagaut O,+CD;OOH.
et al,® and Lightfootet al®

(j) See Comments on Preferred Values.
References

Preferred Values 'R. A. Cox and G. S. Tyndall, J. Chem. Soc. Faraday Trang6,2153

_ —12 11 (1980.
k=5.2<10 . cm® molecule ' s™* at 298 K. 2M. E. Jenkin, R. A. Cox, G. D. Hayman, and L. J. Whyte, J. Chem. Soc.
k=3.8x10 2 exp(780T) cnm® molecule's! over the  Faraday Trans. 84, 913(19889.
temperature range 225-580 K. 3p. Dagaut, T. J. Wallington, and M. J. Kurylo, J. Phys. Che®.3833
(1988.
4G. K. Moortgat, R. A. Cox, G. Schuster, J. P. Burrows, and G. S. Tyndall,
Reliability J. Chem. Soc. Faraday Trans83, 809 (1989.
A logk==+0.3 at 298 K 5p. D. Lightfoot, B. Veyret, and R. Lesclaux, J. Phys. Ch&m, 708
T : (1990.
A(E/R)_ *500 K. 5p. D. Lightfoot, P. Roussel, F. Caralp, and R. Lesclaux, J. Chem. Soc.

Faraday Trans37, 3213(1992.

c t Pref d val ’T.J. Wallington, P. Dagaut, and M. J. Kurylo, Chem. R@®,.667(1992.
Ommen s on rPT err_e alues . . . 8p. D. Lightfoot, R. A. Cox, J. N. Crowley, M. Destriau, G. D. Hayman, M.
The discrepancies in the data for this reaction, due in part e. Jenkin, G. K. Moortgat, and F. Zabel, Atmos. Envir@8A, 1805

to the different values of the UV absorption cross sections (1992.

. . . . 9 i i
used in various Studlegsl,o remain unresolved. 10NASA Evaluation No. 12, 1997see reference; in Introductipn
h f d ffici hich i IUPAC, Supplement V, 1997ee references in Introductipn
The preferred rate coefficient at 298 K, which is un- K. McAdam, B. Veyret, and R. Lesclaux, Chem. Phys. La®3 39

changed from our last evaluatidhis the mean of the values  (1987.

of Cox and Tyndalt Jenkinet al.? Dagautet al,® Moortgat ~ **M. J. Kurylo, P. Dezgaut%) T. J. Wallington, and D. M. Neuman, Chem.
4 - 5 Phys. Lett.139, 513 (1987.

et al.,. .and .L|ghtfootet al’ The r_ecommendgd temperature 37,3, Wallington, J. Chem. Soc. Faraday Trai. 2379(1991).

coefficient is that reported by Lightfoait al.,” selected on 141 3 \wallington and S. M. Japar, Chem. Phys. L&&7, 513 (1990).

the basis of their wider range of temperatures than previouST. J. Wallington and M. D. Hurley, Chem. Phys. Let83 84 (1992.
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H02 + HOCH202 nd 02 + HOCHzozH (1)

AH°(2)=—473.1 kJmol™*

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

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

5.6X 107 ° exd (2300+ 1100)/T] 275-333 Veyreet al, 1984 FP-AS(a)

(1.2+0.4)x10™ 11 295

(1.2+0.3)x10° 1! 298 Burrowset al, 198F MM-IR (b)
Branching Ratios

k, /k=0.40+0.15 298 Burrowst al, 198¢ MM-IR (c)
Reviews and Evaluations

5.6x 10" 1° exp(2300T) 275-335 IUPAC, 1997 (d)

Comments Reliability
. . A logk==0.3 at 298 K.

(@ Flash photolysis of Glin the presence of HCHO or g

(b)

(©

A(E/R)=+1500 K.

CH;OH and Q at total pressures of 110—-230 mbar Ak, /K)=+0.4 at 298 K.

(85—170 Tory, with time-resolved absorption spectros-
copy for HG, and HOCHO, radicals. The rate coeffi-

cientk was obtained from a computer simulation of the Comments on Preferred Values
absorption profiles based on a mechanism of nine el- The two studiek® of the rate coefficient at 298 K are in

ementary reactions. good agreement and confirm that this reaction is fast com-
MM Study of C[Z_HCHO_Q mixtures at total pres- pared Wlth the HQ radical reactions Wlth CtD, and -
sures of 930 mba(700 Tor, with diode laser IR spec- C-HsO, radicals. The product channel yielding HCOOH is
troscopy for HQ and HOCHO, radicals. The rate co- Presumed to proceed via a six-membered cyclic intermedi-
efficientk was obtained from a computer simulation of ate, analogous to that proposed for the formation of HCHO,
HO, absorption profiles based on a mechanism of eighEH:OH, and Q from the interaction of CkD, radicals’
elementary reactions. Both the temperature dependence and the branching ratio
Same experimental system as for commént The require independent confirmation. In addition, there is the

branching ratio was determined from a computer simu40ssibility that the rate coefficient could be both pressure and
lation of the quantum yields of HCOOH formation. ~ bath-gas dependent. The preferred values are identical to that

(d) See Comments on Preferred Values. in our previous evaluation, IUPAC, 19@7
References
Preferred Values (k=k;+k>) 1B. Veyret, R. Lesclaux, M.-T. Rayez, J.-C. Rayez, R. A. Cox, and G. K.
Moortgat, J. Phys. Chen®3, 2368(1989.
k=1.2x10" 1 cm® molecule 1 s at 298 K. 2J. P. Burrows, G. K. Moortgat, G. S. Tyndall, R. A. Cox, M. E. Jenkin, G.
_ —15 11 D. Hayman, and B. Veyret, J. Phys. Ched3, 2375(1989.
k=5.6x10 exp(2300T) Cm3 molecule ™ s~ over the 3IUPAC, Supplement V, 1997see references in Introductipn
temperature range 275-335 K. 4M. E. Jenkin, R. A. Cox, G. D. Hayman, and L. J. Whyte, J. Chem. Soc.
k,/k=0.4 at 298 K. Faraday Trans. 84, 913(1988.
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H02 + C2H502 — 02 + C2H5OOH

Rate coefficient data

k/cm® molecule* s7* Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(6.3+0.9)x10 12 295 Cattellet al, 1986 MM-IR-AS (a)
5.6x 107 % exd (650+ 125)/T] 248-380 Dagaut, Wallington, and Kurylo, 1988 FP-AS (b)
(5.3+1.0)x107*? 298
1.6x 10~ exq (1260+ 130)/T] 248-480 Fenteet al, 1993 FP-AS(c)
(1.10+0.21)x 10" 1 298
6.9x 1073 exd (702+69)/T] 210-363 Maricq and Szente, 1994 FP-AS (d)
(8.3+1.5)x10 12 295
Reviews and Evaluations
5.6x 10 1% exp(650T) 250-380 Wallington, Dagaut, and Kurylo, 1§92 (e
6.5 10 13 exp(650T) 250-380 Lightfootet al, 1992 )
7.5x 10 13 exp(700T) 210-480 NASA, 1997 (9)
2.7x 10 13 exp(1000T) 200-500 IUPAC, 1997 (h)
Comments et al,! Dagautet al,? Fenteret al,® and Maricq and

@

(b)

(©

(d)

(e)
()

(¢))

Szente and theE/R is from the data of Dagaut al.,
Fenteret al,® and Maricq and Szente.
See Comments on Preferred Values.

MM spectrometry system with HOand GH:sO, radi-

cals generated simultaneously by photolysis of i@l (h)
the presence of £lg—CH;OH-0O,—N, mixtures at
pressures of 3.2 mbaR.4 Torp. HO, radicals were
monitored by IR absorption with a tunable diode laser
and GHsO, radicals were monitored by UV absorption
at 260 nm. The rate coefficiektwas determined from Preferred Values

the observed perturbation of the second-order kinetics | _ 7 v 15-12 cn® molecule 1 st at 298 K.

of the HO, self-reaction when ¢4:0, was present in k=3.8x 10" 13 exp(900T) cr® molecule*s! over the
large excess, and shown to be essentially independegémperature range 200-500 K.

of pressure over the range 3.2—-1000 mkad—-760

Tor). , , Reliability

Flash photolysis of Gl in the presence of A logk==+0.2 at 298 K.

CoHg—CH;OH-0,—N, mixtures at total pressures of  A(E/R)=+400 K.

33-530 mbarn25-400 Tory. Composite transient ab-

sorption decay curves for HOand GHsO, radicals Comments on Preferred Values

were measured at 230, 250, and 280 nm. Kinetic analy- The rgom temperature rate coefficients of Fereenl?

sis derived from computer modeling of experimental and Maricq and Szerftare in reasonable agreement with the
data. previous direct studies of Cattedt al! and Dagautet al?
FP-UV absorption study of G+C,Hs—O,—N, mixtures ~ We have based our recommendations on the average value of
at 1 bar(760 Torp total pressure. Rate coefficients kygg from these four studies.* However, the temperature
were derived from simultaneous computer analyses o€oefficient of Fenteet al? is almost a factor of two higher
several decay curves collected at different wavelengthghan those of Dagat al* and Maricq and Szenfeindicat-
FP-UV absorption study of J=H,—C,Hg—0,—N, mix- ing a.s.ystematic error i'n one or more of the studies. The rate
tures at a total pressure 6f260 mbar(~200 Torp. coefficient determined in all of these studies dep_end_upon the
values ofa(HO,) and o(C,Hs0,), the latter of which is not
‘well established. Clearly more work is needed on this reac-
tion and in the meantime we recommendBiR value cor-
responding to the rounded-off mean of the three
determination$;* with relatively large error limits.

Rate coefficients were derived from computer simula
tion of time-resolved decay curves.

Based on the data of Dagaet al 2

The rate coefficient ok=5.8x 10" 2 cm® molecule *

s™'at298 Kwaszderived from the data of Cateeflal* As discussed in our previous evaluatfothe FTIR spec-
and Dagautet al” together withE/R=—650 K from  troscopic product study of Wallington and Japaas shown
Dagautet al? that this reaction has only one channel, to vyield

koo is the weighted average of the data of CattellC,HsOOH+O..
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References 4M. M. Maricq and J. J. Szente, J. Phys. Ch&8,.2078(1994).
5T. J. Wallington, P. Dagaut, and M. J. Kurylo, Chem. R@%,.667(1992.

LF. C. Cattell, J. Cavanagh, R. A. Cox, and M. E. Jenkin, J. Chem. Soc. P~ D. Lightfoot, R. A. Cox, J. N. Crowley, M. Destriau, G. D. Hayman, M.

Faraday Trans. 82, 1999(1986. E. Jenkin, G. K. Moortgat, and F. Zabel, Atmos. Envir@gA, 1805
2p. Dagaut, T. J. Wallington, and M. J. Kurylo, J. Phys. Che@).3836 (1992.

(1988. "NASA Evaluation No. 12, 1997see references in Introductipn
3F. F. Fenter, V. Catoire, R. Lesclaux, and P. D. Lightfoot, J. Phys. Chem.®IUPAC, Supplement V, 1997see references in Introduction

97, 3530(1993. 7. J. Wallington, and S. M. Japar, Chem. Phys. L&66, 495 (1990.

AH°(2)=—132 kImol*

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

k/cm® molecule st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
4.3x10 '3 exd (1040+100)/T] 253-368 Moortgat, Veyret, and Lesclaux, 1889 FP-AS (a)
(1.3x0.3)x 107 298
Branching Ratios
k, /k=0.25 298 Nikiet al, 1985 FTIR (b)
k,/k=0.33+0.07 253-368 Moortgat, Veyret, and Lesclaux, 1989 FP-AS(c)
k, /k=28.5x 10" exp(1020T) 263-333 Horie and Moortgat, 1992 FTIR (d)
ko/k=0.26 298
Reviews and Evaluations
4.3x 1013 exp(1040T) 253-368 Wallington, Dagaut, and Kurylo, 1992 (c)
k,/k=0.33 253-300 (e)
4.3x 10 '3 exp(1040T) 253-368 Lightfootet al, 1992 (e
k,/k=0.33 253-368 (®
4.5x 10 *3 exp(1000T) 253-368 NASA, 1997 (e
4.3x 1013 exp(1040T) 250-370 IUPAC, 1997 (f)
k,/k=8.5x 102 exp(1020T) 260-340 ()
Comments 1020 mbar (730-770 Torr. The reaction products

CO,, CO, HCHO, HCOOH, CHKC(O)OH,

(@ Flash photolysis of Gl in the presence of CH.C(O)OOH, CHOH, H,0,, and Q were analyzed

CfH3CHO_C|_bOH_OZ_N2 mixtures at total pressures by matrix-isolation FTIR spectroscopy combined with
0 8_00_860 mbar(600—659 Tory. [CH,CO;] was a molecular-beam sampling technique. The branching
monitored by UV absorption over the wavelength ratio obtained was ik /k,)={(5.8+1.7)—[ (1430

range 195-280 nm and the absorption cross section +480)/T]}, derived from the yields of CYC(O)OH
measured relative to o(HO,)=5.3x10 8 cn? and O,

molecule * at 210 nm. Rate coefficients were derived (e) Based on the data of Moortgat al®
from a computer simulation of absorption traces at &f) See Comments on Preferred Values.
range of wavelengths, based on a mechanism including
secondary removal of Ci€0;.

(b) FTIR study of irradiated GFHCHO-CHCHO-0,
mixtures. The branching ratio was based on the analy-
sis of the products C}C(O)OOH, CHC(O)OH, and k=1.4x10"* cm® molecule ' s~ at 298 K.

Preferred Values

Os. k=4.3x 1012 exp(1040T) cm® molecule *s™! over the
(c) Derived from the same experiments as in comm@nt temperature range 250—370 K.
by making allowance for absorption by;@roduct. k,/k=0.26 at 298 K.

(d) FTIR study of irradiated CEC(O)C(O)CH; in the k,/k=8.5x 102 exp(1020T) over the temperature range
presence of Ar—@mixtures at total pressures of 970— 260-340 K.
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Reliability dependence. The data of Horie and Mooridat the branch-
A logk=+0.3 at 298 K. ing ratios are recommended, and are in reasonable agreement
A(E/R)=*=500 K. with the room temperature measurements of the branching
A(k,/k)=*+0.1 at 298 K. ratio made by Nikiet al2

A(E,/R—E/R)=*+500 K.

1G. K. Moortgat, B. Veyret, and R. Lesclaux, Chem. Phys. LES0, 443
Comments on Preferred Values (1989.

The recommended value ktogether with its temperature ?H. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, J. Phys.
dependence are unaltered since ?UI’ last evaluéﬁxmi' are 38heHn(]).ri83:n8ds g.g?(?'Moortgat, J. Chem. Soc. Faraday Tr&8s.3305
based on the data of Moortget al.” Independent confirma- (1995,
tion is required to lower the error limits. The study of the “T.J. wallington, P. Dagaut, and M. J. Kurylo, Chem. Re®,.667(1992.
products of the reaction by Horie and Moortddéading to ~ °P- D. Lightfoot, R. A. Cox, J. N. Crowley, M. Destriau, G. D. Hayman, M.
the measurement of the branching ratio, is much more direct'(zl'gg‘;”k'”' G. K. Moortgat, and F. Zabel, Atmos. Envir@®A, 1805
B l . .
than the previous study of Mloortget al” and, in contrastto  sNaAsA Evaluation No. 12, 1997see references in Introduction
the results of Moortgaet al,” show a marked temperature “IUPAC, Supplement V, 1997ee references in Introductipn

Rate coefficient data

k/cm® molecule *s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(4.8+1.5)x10 12 298 Jenkin and Cox, 1991 MM-AS (a)
~2.0x10° 11 298 Anastasgt al, 1997 PR-AS (b)
(1.2+0.3)x10" 11 296 Murrellset al, 199F PLP-AS(c)
Reviews and Evaluations
1.0x10° % 298 IUPAC, 1997 (d)
Comments (d) See Comments on Preferred Values.
(@ MM study with HOCHCH,O, radicals being gener-
ated from the photolysis of HOGEEH,O,! in the pres- Preferred Values

ence of Q and N, at total pressures of 13, 130, and
1000 mbar(10, 100, and 760 Toyrin a slow flow
system. The modulated absorption spectrum in the
range 205-310 nm showed that additional transienfReliability
species were absorbing, and these were ascribed to A 10gk==*0.3 at 298 K.
HOCH,CH,OO0I and HQ. The rate coefficient was ob-
tained from computer simulations of the time-resolvedComments on Preferred Values
absorption waveforms at 220—-310 nm for experiments The pulsed laser photolysis study of Murreisal® of the
at 13 mbar(10 Tory pressure. absorption spectrum of the HOGEH,O, radical has shown
(b) Pulse radiolysis study, with HOGBH,O, radicals be- that the absorption cross-sections reported earlier by Jenkin
ing generated from CHO,—~H,0-Sk and and Cox from molecular modulation studies of the photoly-
CH3CH,OH—-0,—SFK; mixtures at total pressures of 1 sis of HOCHCH,l are low by a factor of approximately 2.
bar (760 Tor). [HOCH,CH,O,] was monitored by ab- Jenkin and Coxmade the assumption that the photolysis of
sorption at 230 nm ankl derived from kinetic model- HOCH,CH,l in their system yielded entirely HOGEH,0,
ing of absorption profiles. radicals, which was apparently not the case. Increasing
(c) Pulsed laser photolysis study, with HOGEH,O, radi- 0,3 HOCH,CH,0,) by a factor of 2 in the re-interpretatidn
cals being generated from photolysis of HOLCH,CI of the data of Jenkin and Cbyields a revised value df
in the presence of Qand N, at total pressures of 970 =(8.4+3.0)x 10 2 cm® molecule 1 s~ at 298 K.
mbar (730 Torp. The rate coefficient was obtained by = The recommended rate coefficient is the mean of this re-
modeling the observed absorption profiles on the basisised value together with the value of Murrebs al® The
of a simplified mechanism of four reactions. approximate value derived by Anastasial? from pulse

k=1.0x 10" cm® molecule ' st at 298 K.
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radiolysis experiments is a factor of two higher than our References

recommended value, and we have not taken this value of

Anastasiet al? into account, owing to the differences in the

absorption spectrum of the radical observed by AnastastM. E. Jenkin and R. A. Cox, J. Phys. Che@, 3229(1991.

et al? compared with the consistent spectra reported by Jen®C. Anastasi, D. J. Muir, V. J. Simpson, and P. Pagsberg, J. Phys. Chem.
Kin and Cox and Murreliset al” (see the data sheet for t_he 3'?'5P57l\£/9ILljr(rleglalg_:,])M E. Jenkin, S. J. Shalliker, and G. D. Hayman, J. Chem.
reaction 2 HOCHCH,O,—product3. The preferred value is  soc. Faraday Trang7, 2351(1991.

identical to that in our previous evaluatifn. 4IUPAC, Supplement V, 1997see references in Introductipn

H02 + CH30CH202 — 02 + CHgoCHzooH (l)

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

k/cn?® molecule* st Temp./K Reference Technique/Comments
Branching Ratios

k, /k=0.53+0.08 295 Wallingtoret al, 1993 P-FTIR (a)

k, /k=0.40+0.04 295
Reviews and Evaluations

k, /k=0.60 298 IUPAC, 1997 (b)

k, /k=0.40 298 (b)

Comments Comments on Preferred Values

Our recommendations are unaltered since the last IUPAC
evaluatio The reaction between HO radicals and
CH;OCH,0, radicals is analogous to that between Heéxdi-
cals and HOCHO, radicals in that there are two channels of
nearly equal importance at room temperature, produding:
the hydroperoxide plus £and (ii) a carbonyl product, O
and Q. In contrast, the H@ reactions with unsubstituted
alkyl peroxy radicals, R§ appear to have only a single
channel, producing the alkyl hydroperoxide.

It has been proposédhat the reaction between H@nd
substituted R@ radicals yielding the carbonyl compounds
proceeds through a six-member transition state similar to that
suggested by Russétb explain the molecular products from
k,/k=0.60 at 298 K. the interactions of R@radicals.
k,/k=0.40 at 298 K.

(@ HO, and CHOCH,O, radicals were generated from
the steady-state photolysis of ,Gh the presence of
CH3;OH-CH;0CH;—0, mixtures at a total pressure of
930 mbar(700 Torp. Branching ratios were derived
from FTIR analyses of CHDCHO and CHOCH,OOH
products, which accounted for (232)% of the
CH;OCH; loss.

(b) See Comments on Preferred Values.

Preferred Values

References
Al 17. 3. wallington, M. D. Hurley, J. C. Ball, and M. E. Jenkin, Chem. Phys.
Reliability . Lett. 211, 41 (1993.
A(ky/k)==0.10 at 298 K. 2|UPAC, Supplement V, 1997see references in Introduction
A(k,/k)==x0.10 at 298 K. 3G. Russell, J. Am. Chem. Sog9, 3871(1957).

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999
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H02 + CH3COCH202 — 02 + CHgCOCHZOOH

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(9.0+1.0)x10"*? 298 Bridieret al, 1993 FP-AS(a)
Reviews and Evaluations
9.0x 10712 298 IUPAC, 1997 (b)
Comments Comments on Preferred Values

Our recommendation is unaltered since the last IUPAC
evaluatior? While the above value of the rate coefficient
seems reasonable, it has been obtained from the kinetic
femalysis of a complex chemical system and requires indepen-
dent verification to reduce the recommended error limits. No
evidence was obtained by Bridiet al! for products other
than G and CHCOCH,OO0H.

(@ Flash photolysis of Gl in the presence of
CH;COCH;—CH;OH—-N, mixtures at a total pressure
of 1 bar. The rate coefficierit was derived from a
kinetic analysis of absorption-time profiles measured a
210 and 230 nm.

(b) See Comments on Preferred Values.

Preferred Values

k=9.0x10 *? cm® molecule * s at 298 K. References
A 11. Bridier, B. Veyret, R. Lesclaux, and M. E. Jenkin, J. Chem. Soc. Fara-
Reliability day Trans89, 2993(1993.
A logk=%+0.3 at 298 K. 2JUPAC, Supplement V, 1997see references in Introductipn

HO, + HCHO — HOCH,00
AH°=-68.1 kdmol™*

Rate coefficient data

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

(1.1+0.4)x 10713 273 Barnet al, 1985 S-FTIR (a)

7.7X 10 '® ex{ (625+ 550)/T] 275-333 Veyrett al, 198F FP-AS (b)

(6.0+0.7)x 10" 1 295
Reviews and Evaluations

6.7X 10 ° exp(600T) 275-333 NASA, 199%7 (c)

9.7x 10 ® exp(625T) 275-333 IUPAC, 1997 (d)

Comments (b) Flash photolysis of Glin the presence of HCHO or

CH;OH and Q with long-path absorption measure-

(@ FTIR spectroscopic study in a 420 L reaction chamber. )
ments of HQ and HOCHO, radicals at total pressures

HO, radicals were generated from the thermal decom-

position of HGNO, in the presence of HCHO, NO of 110—-230 mbat85-170 Tor}. The rate coefficienk

and synthetic air at a total pressure of 530 M0 was obtained from a computer simulation of the ab-
Torr. The rate coefficienk was obtained from a com- sorption profiles based on a mechanism of five elemen-
puter simulation of the rates of decay of HCHO and tary reactions.

rates of formation of HCOOH and HOGB,NO,,  (C) Kkyog Obtained from average of values obtained by Su
based on a reaction scheme consisting of nine elemen- et al® and Veyretet al>® The temperature dependence
tary reactions. was taken from Veyreet al?
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Preferred Values [k(273 K)=1.1x10"*3 cm® molecule * s!] and of Veyret
2 —8.0x10 4 11 .
k=7.9x10"1 cn® molecule 1 s~ ! at 298 K. etal® [k(275 K)=8.0x<10 ™ cnv’ molecule*s ] to
B 15 11 gether with the value oE/R determined by Veyregt al:
k=9.7x10 *° exp(625T) cm® molecule*s™! over the : o . . o
temperature ranae 275-333 K This reaction is believed to proceed via the initial forma-
b 9 ' tion of the adduct radical, H{CH,O, which rapidly isomer-
izes to the product radical, HOGBAO via H-atom transfer.

Reliability
A logk=+0.3 at 298 K.
A(E/R)=*600 K. References

1 . . .
mment n Preferr Val |. Barnes, K. H. Becker, E. H. Fink, A. Reimer, F. Zabel, and H. Niki,
Co ents o eferred Values Chem. Phys. Lettl115 1 (1985.

Our r_ecommendati(_)ns are unchangedlfrom the last IUPAG g Veyret, R. Lesclaux, M.-T. Rayez, J.-C. Rayez, R. A. Cox, and G. K.
evaluatior* The studies of Barnegt al! and of Veyret Moortgat, J. Phys. Chen®3, 2368(1989.
et al? are in excellent agreement regarding this rate coeffi—jNASA Evaluation No. 12, 1997see references in Introduction
- - : : IUPAC, Supplement V, 1997ee references in Introductipn
cient, and beoth are in good agreement_wnh the (_aarller data of Su, J. G. Calvert, J. H. Shaw, H. Niki, P. D. Maker, C. M. Savage, and
Veyretet al” The preferred rate equation is derived by tak- | p_Breitenbach, Chem. Phys. Le8S, 221 (1979.

ing an average value of the rate coefficients of Baetes ! 6B. Veyret, J.-C. Rayez, and R. Lesclaux, J. Phys. Ct&8n3424(1982.

HOCH,00 — HO, + HCHO

AH°=68.1 kJmol™!

Rate coefficient data

k/s™t Temp./K Reference Technigue/Comments
Absolute Rate Coefficients

2072 273 Barneset al, 1985 S-FTIR(a)

2.0X 10" exg —(7000+ 2000)/T] 275-333 Veyreet al, 198F FP-AS (b)

100+ 50 295
Reviews and Evaluations

2.4X 10" exp(—70001T) 275-333 IUPAC, 1997 (c)

Comments Preferred Values

(@ FTIR spectroscopic study in a 420 L reaction chamber. k=1.5x10? s ! at 298 K.
HO, radicals were generated from the thermal decom- k=2.4x 10" exp(—~7000) s'* over the temperature
position of HGNO, in the presence of HCHO, N  range 275-333 K.
and synthetic air at total pressures of 530 m@&I0
Torr). The rate coefficienk was derived from a com-  Reliapbility
puter simulation of the rates of decay of HCHO and A |ogk=+0.3 at 298 K.
rates of formation of HCOOH and HOGB,NO, A(E/R)=+2000 K.
based on a reaction scheme consisting of nine elemen-

tary reactions. . Comments on Preferred Values

(b) Flash photolysis of Glin the presence of HCHO or  oyr recommendations are unchanged from the last IUPAC
CH;OH and Q with long-path absorption measure- eyaluatior® The studies of Barnest al® and of Veyret
ments of{[HO,] and[HOCH,O,] at total pressures of et al? are in good agreement regarding the rate coefficient of
110-230 mbar85-170 Tory. The rate coefficienk  this reaction. The preferred rate equation has been obtained
was obtained from a computer simulation of the ab-by taking the average of the rate coefficients at 273-275 K
sorption profiles based on a mechanism of five elemenfrom these studies together with tBéR determined by Vey-
tary reactions. ret et al? It should be pointed out that the equilibrium con-

(c) See Comments on Preferred Values. stant K; for the reactions H@+HCHO=HOCH0O,

(1,—1), K;=5.0x 108 cm® molecule ! at 298 K, derived
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from the kinetic study of Veyregt al? (which is identical to References

the value obtained from our recommended datakfpand

k_,) is in excellent agreement with the value kf=4.0

X 10716 cm® molecule * at 298 K obtained independently by 1. Barnes, K. H. Becker, E. H. Fink, A. Reimer, F. Zabel, and H. Niki,
Burrows et al* from molecular modulation studies. The Chem. Phys. Lett115 1 (1985.

above value oK is, however, considerably smaller than the “B. Veyret, R. Lesclaux, M.-T. Rayez, J.-C. Rayez, R. A. Cox, and G. K.
value ofK;=3.4x10"*® cm® molecule™* at 298 K reported 3:\6"’5@"";3' F;hys' (t:'\"/e”fgézg’es(l?w o Introduct

by Zabelet al rom electron paramagnetic resonalEeR /7’ SWPPETeIL L eomes s ket
spectroscopic measurements of the ratio of concentrations ofy, ‘5 man, and B. Veyret, J. Phys. Chess, 2375(1989.

HO, and HOCHOO radicals in the photolysis of HCHO-,O 5k zapel, K. A. Sahetchian, and C. Chachaty, Chem. Phys. 124;.433
mixtures. (1987.

NO; + CH, — HNO; + CHs

AH°=12.4 kJmol™?*

Rate coefficient data

k/cm® molecule* 72 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
<4x10° 16 298 Burrows, Tyndall, and Moortgat, 1985 @
=<2x10°Y 298+ 2 Wallingtonet al., 1986 FP-A (b)
<8x10 % 302 Boydet al, 1998 (c)
Relative Rate Coefficients
<6x10°4 ~298 Cantrellet al, 1987 (d)
Reviews and Evaluations
<1x10°18 298 Atkinson, 1997 (e
<1x10 18 298 IUPAC, 1999 ()
Comments Preferred Values

(@ NOj; radicals were generated by the modulated pho- k<1x10"® cm® molecules ! at 298 K.
tolysis of CL—CIONO,—N, or F,—HNO;—N, mixtures
and monitored by optical absorption at 662 nm.

(b) NO; radicals were generated by the flash photolysis o
CIONO,—He mixtures and detected by optical absorp-C

tion at 662 nm. , . ) .__is consistent with the higher upper limits reported by Bur-
(© Stopped-flgw system with optical absorption deteCt'onrows et all and Wallingtonet al? The preferred value is
of NO; radicals at 662 nm. The occurrence of secondyyanical to that in our previous evaluation, IUPAC, 1997.
ary reactions was expected to lead to a stoichiometry
factor of =2, resulting in the upper limit to the rate
coefficient cited in the table. References
(d) Relative rate method. Upper limit to the rate coefficient
was derived from the absence of observed CO angl CO *J. P. Burrows, G. S. Tyndall, and G. K. Moortgat, J. Phys. Cle954848
formation after .addltlon of - CH o 2'(I'l.QJE?S\/.VaIIington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., J. Phys.
N,Os—NO;—NGO,—N, mixtures. An equilibrium con-  chem o0, 4640(1986.
stant for the NQG+NO;=N,O5 reactions of 3A. A Boyd, C. E. Canosa-Mas, A. D. King, R. P. Wayne, and M. R.

3.41x 10 * cm® molecule* at 298 K has been used  Wilson, J. Chem. Soc. Faraday Tragg, 2913(1991.
. . . 4C. A. Cantrell, J. A. Davidson, R. E. Shetter, B. A. Anderson, and J. G.
to derive the rate coefflglent qted. ) Calvert, J. Phys. Chenall, 6017(1987).
(e) Based on the upper limits derived by Burroesal, S5R. Atkinson, J. Phys. Chem. Ref. Da28, 215 (1997).
Wallington et al .,2 and Cantrellet al? SIUPAC, Supplement V, 1997see references in Introductipn

. ’
(f) See Comments on Preferred Values. R. Atkinson, J. Phys. Chem. Ref. D28, 459 (1991).

fComments on Preferred Values
The preferred value is based on the upper limits to the rate
oefficients obtained by Cantrait al* and Boydet al. and

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999



262 ATKINSON ET AL.
NO; + C,H, — products

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

4.9x10 8 exd —(2742+542)/T] 295-523 Canosa-Maat al, 19882 DF-A

(5.1+3.5)x10° 7 295+ 2
Relative Rate Coefficients

<3.0x10° Y 298+ 2 Atkinson, Aschmann, and Goodman, 1887 RR (a)
Reviews and Evaluations

<1x10716 298 IUPAC, 1997 (b)

Comments tions, leading to erroneously high measured rate coefficients.

; : 3
(@ NO; radicals were generated by the thermal decompo:rhe relative rate measurements of Atkinsenhal> show

sition of N,Os. The concentrations of acetylene and oM to be significantly less reactive thant@. The pre-

. ferred value of the upper limit to the rate coefficient is suf-
ethene(the reference organiavere measured by GC. . . . : .
. . ficiently high to be consistent with the data of Canosa-Mas
The measured rate  coefficient ratio  of

1 . .

K(NOs+ CoH,) [k(NOs+CoH,) <0.14 at (298 2) K is et al.” Until there are comjrmatory dat.a.for the reported tem

: .. perature dependertcef this rate coefficient, no temperature
placed on an absolute basis by use of a rate coefficie . g i

- s 11 ependence is recommended. The preferred value is identical
of  k(NO3+C,H,)=2.1x10 1 cn® molecule ' s ) : .
. : to that in our previous evaluation, IUPAC, 19%7.

(this evaluation

(b) See Comments on Preferred Values.

References
Preferred Values

IC. Canosa-Mas, S. J. Smith, S. Toby, and R. P. Wayne, J. Chem. Soc.

Faraday Trans. 84, 247(1988.

2C. Canosa-Mas, S. J. Smith, S. Toby, and R. P. Wayne, J. Chem. Soc.
Faraday Trans. 84, 263(1988.

Comments on Preferred Values . .. 3R. Atkinson, S. M. Aschmann, and M. A. Goodman, Int. J. Chem. Kinet.

The measurement of rate coefficients for low reactivity 19 299(1987.

organics is complicated by the possibility of secondary reac-*IUPAC, Supplement V, 1997see references in Introduction

k<1x10 ' cm®molecule*s™t at 298 K.

NO; + C,H, — products

Rate coefficient data

k/cm® molecule* st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
6.29x 10”2 ex{{ —(3103+ 145)/T] 295-523 Canosa-Maat al, 19882 DF-A
(1.85+0.24)x 10716 295+2
(1.7+0.5)x 10716 300 Biggset al, 19912 Boyd et al, 1997 (@
Relative Rate Coefficients
(2.16+0.20)x 10716 296+ 2 Atkinson, Aschmann, and Pitts, 1988 RR (b)
Reviews and Evaluations
4.88< 108 T2 exp(—2282T) 295-523 Atkinson, 1997 (c)
3.3x 1072 exp(—28807T) 270-340 IUPAC, 1997 (d)
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Comments Reliability
A logk=+0.2 at 298 K.

Stopped-flow technique with optical absorption of the A(E/R) = =500 K.

NO; radical at 662 nm. The influence of the reaction
NO,+NOz;+He—N,O5+He was taken into account by

numerical modeling, leading to a stoichiometry factor Comments on Preferred Values
for NO; radical decays of-1.9 and the cited rate co- ~ The preferred rate coefficient is derived using the absolute

efficient for the elementary N&-ethene reaction. rate coefficient data of Canosa-Masall? and the relative
NO; radicals were generated by the thermal decompo[ate coefficient of Atkinsoret al® These data were fitted to

sition of N,Os. A series of rate coefficient ratios were the three parameter expression CT? exp(~D/T), resulting
measured, with the concentrations of the organic comin ~ k=4.88x10"**T? exp(~2282TT) cm® molecule *s™*
pounds involved being measured by GC. Based on ratéver the temperature range 295-523 K. The preferred
coefficient ratios for the sets of organic compoundsArrhenius expressiork=A exp(—B/T), is centered at 300 K
ethene versus 2,3-dimethylbutane, 2,3-dimethylbutan@nd is derived from the three parameter expression #ith
versus tetrahydrofuran, tetrahydrofuran versus propene= C€’T? andB=D +2T.

propene versus thiophene’ thiophene versus The preferred rate coefficient is in agreement with the 300

bicycld2.2.2-2-octene, and bicycj@.2.2-2-octene K rate coefficient of Bigg=t al® and Boydet al,* and the
versus trans-2-butene, a rate coefficient ratio of preferred values are identical to those in our previous evalu-
k(NOs+ethene)k(NO5+ trans 2-butene)-0.000554  ation, IUPAC, 1997,
+0.000050 was obtained. This rate coefficient ratio

is placed on an absolute basis by use of a rate coeffi-

cient of k(NOs+trans 2-butene)3.89x10 3 cm?

molecule * st at 296 K&8

Derived f'iozm the abSO|Ut_e rate Coefﬁc?e_nts of Can_osa'lc. Canosa-Mas, S. J. Smith, S. Toby, and R. P. Wayne, J. Chem. Soc.
Mas et al.”< and the relative rate coefficient of Atkin-  Faraday Trans. 84, 247 (1988.

son et al.,5 using the three parameter expression 2C. Canosa-Mas, S. J. Smith, S. Toby, and R. P. Wayne, J. Chem. Soc.

References

= 2 . .
k=CT? exp(—DIT). 3Fara_day Trans. 84, 263 (1988
d SeecC t Pref d Val P. Biggs, A. A. Boyd, C. E. Canosa-Mas, D. M. Joseph, and R. P. Wayne,
( ) ee Lomments on Freferre alues. Meas. Sci. TechnoR, 675(1991).
4A. A. Boyd, C. E. Canosa-Mas, A. D. King, R. P. Wayne, and M. R.
Preferred Values 5W|Ison, J. Chem. Soc. Faraday Tra8, 2913(1991).
R. Atkinson, S. M. Aschmann, and J. N. Pitts, Jr., J. Phys. CR&n8454
k=2.1x10"1° cr® molecule ' s ™! at 298 K. (1988

R. Atkinson, J. Phys. Chem. Ref. Da2§, 215(1997).

— —12 511
k=3.3x10"? exp(~2880T) cm® molecule *'s over TIUPAC, Supplement V, 1997see reference in Introductipn
the temperature range 270-340 K. 8R. Atkinson, J. Phys. Chem. Ref. Da28, 459 (1997).

N03 + C2H6 d HN03 + CZHS

AH°=-3.9 kJmol™*

Rate coefficient data

k/cm® molecule *s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

<4x10° 18 298+2 Wallingtonet al, 1986 FP-A (a)

5.7X 10712 exd — (4426+337)/T] 453-553 Baglejet al, 199G DF-A

2.0x10 8 298

<(2.7+0.2)x10° Y7 302 Boydet al, 1998 (b)
Reviews and Evaluations

1.4x10° 18 298 Atkinson, 1997 ()

<1x10°Y 298 IUPAC, 1997 (d)
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Comments K leads to a 298 K rate coefficient of 210" 8 cm?®

71 71 .
(@ NO; radicals were generated by the flash photolysis of"0leculé s =, probably uncertain to at least a factor of 2
CIONO,—He mixtures and detected by optical absorp—due to the long extrapolation and possible non-Arrhenius be-
tion at 662 nm. havior of the rate coefficient for this reaction. The preferred

. . . . . . 1
(b) Stopped-flow system with optical absorption detectionUPPe' limit is b_ased on the upper limit of Wallingte al.
of the NO, radical at 662 nm. Secondary reactions and extrapolation to 298 K of the elevated temperature rate

were expected to lead to a stoichiometry factoedt coefficients of Bagleyet al.2 and is identical to that in our

leading to the upper limit to the rate coefficient cited in Prévious evaluation, ITUPAC, 1997.

the table.
(c) Estimate based on a group rate coefficient for H-atom

abstraction from a —CH group of 7x10 °cm?®

molecule * s™* at 298 K® References
(d) See Comments on Preferred Values.
1T, J. wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., J. Phys.
Chem.90, 4640(1986.
2J. A. Bagley, C. Canosa-Mas, M. R. Little, A. D. Parr, S. J. Smith, S. J.
Waygood, and R. P. Wayne, J. Chem. Soc. Faraday Ti@$s2109
(1990.
3A. A. Boyd, C. E. Canosa-Mas, A. D. King, R. P. Wayne, and M. R.

Wilson, J. Chem. Soc. Faraday Tragg, 2913(199J.
Comments on Preferred Values “R. Atkinson, J. Phys. Chem. Ref. Da28, 215 (1997.

Extrapolation of the absolute rate coefficients obtained bys\ypac, supplement v, 1997see references in Introductipn
Bagleyet al? over the temperature range 453—553 K to 298 °R. Atkinson, J. Phys. Chem. Ref. D&, 459 (1991).

Preferred Values

k<1x10" ' cm®molecule st at 298 K.

NO; + C3Hg — products

Rate coefficient data

k/cm® molecule * s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
4.74x 10" 1 exf{ — (1171 66)/T] 298-423 Canosa-Maat al, 1991 DF-A
(9.3:1.2)x10 ° 298
Relative Rate Coefficients
(6.4+1.6)x1071° 300 Morris and Niki, 1974 RR (a)
(1.08+0.07)x 10" 4 300 Japar and Niki, 1975 RR (a)
(7.57+1.54)x10 298+1 Atkinsonet al, 1984 RR (a)
(7.41x1.95)x 1015 298+1 Atkinsonet al, 1984 RR (b)
(9.45+0.47)x10°1® 296+ 2 Atkinson, Aschmann, and Pitts, 1988 RR (c)
Reviews and Evaluations
4.59x 10712 exp(—11561) 296-423 Atkinson, 1997 (d)
4.6X 1013 exp(—11551T) 290-430 IUPAC, 1997 (e)
Comments ratio is placed on an absolute basis by use of a rate

coefficient of k(NOz+ trans-2-butene}3.90x 103
cm® molecule * st at 298 K8

¢) NO;radicals were generated by the thermal decompo-
sition of N,Os. A series of rate coefficient ratios

(@ NOjradicals were generated from the thermal decom-
position of NOs. The experimental data were relative
to the equilibrium coefficient K for the
NO5;+NO,=N,05 reactions, and are placed on an ab-

solute basis by use df=1.26x10 27 exp(11275T) were measured, with the concentrations of the organic
cm® molecule 1.8 compounds involved being measured by GC. Based
(b) NOs radicals were generated from the thermal decom- ~ on rate coefficient ratios for the sets of organic
position of NOs. The concentrations of propene and compounds, propene versus thiophene, thiophene
trans-2-butene were measured by GC, and a rate coef- ~ versus bicyclf?.2.2-2-octene, and bicyc|@.2.2-
ficient ratio of k(NOs+propene)k(NOs+trans2- 2-octene versustrans2-butene, a rate coefficient
butene)=0.019+0.005 obtained. This rate coefficient ratio of k(NO;+propene)k(NO;+trans 2-butene)
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—0.0243-0.0012 at 296 2 K was obtained. This rate Niki,® and Atkinsonet al# when the differing values of the

coefficient ratio is placed on an absolute basis by use ogquilibrium constant used for the 8;=NO;+NO, reac-
a rate coefficient ofk(NOs+trans-2-butene}=3.89  tions are taken into account. The preferred values are identi-

X 10~ B cm® molecule s at 296 K&8 cal to those in our previous evaluation, IUPAC, 1997.

(d) Derived using the room temperature relative rate coef- The NO; radical reaction with propene proceeds by initial
ficient of Atkinsonet al® and the absolute 298—423 K addition, leading to the formation under simulated tropo-
rate coefficients of Canosa-Mast all These rate spheric conditons of HCHO, CJ€HO, and
coefficientd were fitted to the Arrhenius expression. CHsC(O)CH,ONO,.%%12

(e) See Comments on Preferred Values.

Preferred Values References
— — 15 ;11
k=9.5x10 cm® molecule *s™* at 298 K. 1C. E. Canosa-Mas, S. J. Smith, S. J. Waygood, and R. P. Wayne, J. Chem.
k=4.6x10 13 exp(—1155T) cm® molecule s ! over Soc. Faraday Tran87, 3473(1991).
the temperature range 290-430 K. 2E. D. Morris, Jr. and H. Niki, J. Phys. Chem8, 1337(1974.

3S. M. Japar and H. Niki, J. Phys. Chei9, 1629(1975.
4R. Atkinson, C. N. Plum, W. P. L. Carter, A. M. Winer, and J. N. Pitts, Jr.,

Reliability J. Phys. ChemB8, 1210(1984).
A |Og k=-+0.2 at 298 K SR. Atkinson, S. M. Aschmann, and J. N. Pitts, Jr., J. Phys. Ci8en8454
T ‘ (1988.
A(E/R)= =300 K. SR. Atkinson, J. Phys. Chem. Ref. Da28, 215 (1997).

"IUPAC, Supplement V, 1997see references in Introductipn
8R. Atkinson, J. Phys. Chem. Ref. Da28, 459 (1991).

Comments on Preferred Valueg . 9H. Bandow, M. Okuda, and H. Akimoto, J. Phys. Che34,. 3604(1980.
The preferred values are derived using the room temperd?p. B. Shepson, E. O. Edney, T. E. Kleindienst, J. H. Pittman, G. R. Namie,
ture relative rate coefficient of Atkinsaet al® and the 298— and L. T. Cupitt, Environ. Sci. Technol9, 849(1985.

.. 11 :
423 K absolute rate coefficients of Canosa-Masl® The |. Barnes, V. Bastian, K. H. Becker, and Z. Tong, J. Phys. Cl8eh2413

prefgrred 298 K rate coefficient is _in agreemem with thelzJ. Hjorlth, C. Lohse, C. J. Nielsen, H. Skov, and G. Restelli, J. Phys. Chem.
relative rate measurements of Morris and Niklapar and 94, 7494(1990.

NO3 + CgHS — HN03 + CH3CH2CH2 (1)
—+HNO; + CHsCHCH;  (2)

AH°(1)=-6.8 k3mol™*
AH°(2)=-14.3 kJmol*

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

k/cm® molecule* 71 Temp./K Reference Comments
Absolute Rate Coefficients
<(4.8+1.7)x10° Y 298 Boydet al, 1991 (@
Reviews and Evaluations
1.7x10° Y7 298 Atkinson, 1997 (b)
<7x10°Y7 298 IUPAC, 1997 ()
Comments Preferred Values

(@) Stopped-flow system with optical absorption detection Kk<7x10"1 cn® molecule s at 298 K.
of the NG, radical at 662 nm. The occurrence of sec-
ondary reactions is expected to lead to a stoichiometr)é
omments on Preferred Values

factor of =2, resulting in the upper limit to the rate . . .
g PP The preferred value is based on the upper limit derived by

coefficient cited in the table. 1 L . : .
(b) Estimate based on assumed group rate constants 1:gsroyd et al,” and is identical to that in our previous evalua-

H-atom abstraction from —CHand —CH— groups’ tion, IUPAC, 1997
(c) See Comments on Preferred Values.
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IA. A. Boyd, C. E. Canosa-Mas, A. D. King, R. P. Wayne, and M. R.

References

Wilson, J. Chem. Soc. Faraday Tra8g, 2913(1991).

ATKINSON ET AL.

2R. Atkinson, J. Phys. Chem. Ref. Da8, 215(1997.
3IUPAC, Supplement V, 1997see references in Introduction
4R. Atkinson, J. Phys. Chem. Ref. Da28, 459 (1991).

NO; + n-C,4H;o— products

Rate coefficient data

k/cm® molecule* 71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
<2x10° Y 298+ 2 Wallingtonet al, 1986 FP-A (a)
(4.5+0.6)x10° Y7 298 Bagleyet al, 199¢ DF-A
(1.44+0.12)x 10 %6 333
(4.6+1.2)x10716 373
(1.12+0.12)x10°1® 423
(3.2+0.3)x10° 473
(9.0+0.4)x1071® 523
Relative Rate Coefficients
(6.6+1.7)x10° Y7 296+2 Atkinsonet al, 1984 RR (b)
Reviews and Evaluations
2.76x10 2 exp(—3279I) 298-423 Atkinson, 1994 1997 (0

(@ NOjradicals were generated by the flash photolysis Ol}
CIONO, at wavelengths=180 nm.

(b) NOj radicals were produced by the thermal decompo-
sition of N,Os, and the concentrations ofbutane and
n-heptane(the reference organiowere measured by
GC. A rate constant ratio ok(NO;+ n-butane)/
k(NO;z+n-heptaney 0.48+0.12 was obtained and
is placed on an absolute basis by use of a rate

k(NO5+ n-heptaney 1.37x 10 ¢ cm?®

coefficient
molecule 1s71.6

(c) Based on a least-squares analysis of the 298-423

Comments

absolute rate coefficients of Bagley al?

Comments on Preferred Values

The preferred values are based on the absolute rate coef-
icients measured by Baglegt al® over the temperature
range 298-423 Kat temperatures>423 K the Arrhenius
plot exhibits upward curvature, especially above 473 X
least-squares analysis of the 298—423 K rate coefficients of
Bagley et al? results in the preferred Arrhenius expression.
The 298 K preferred rate coefficient is a factor=e2 higher
than the upper limit reported by Wallingta al.* but is in
agreement within the measurement uncertainties with the
relative rate coefficient of Atkinsoet al At room tempera-
ltgre and below the reaction proceeds mainly by H-atom ab-
straction from the —Ck+- groups>®

References

k=
k=
the temperature range 290-430 K.

Reliability
A log k=%0.2 at 298 K.
A log(E/R)=400 K.

Preferred Values

7. J. wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., J. Phys.
Chem.90, 4640(1986.

2J. A. Bagley, C. Canosa-Mas, M. R. Little, A. D. Parr, S. J. Smith, S. J.
Waygood, and R. P. Wayne, J. Chem. Soc. Faraday T@@$s2109
(1990.

3R. Atkinson, C. N. Plum, W. P. L. Carter, A. M. Winer, and J. N. Pitts, Jr.,
J. Phys. ChemB8, 2361(1984.

4R. Atkinson, J. Phys. Chem. Ref. Daonograph 2, 1 (1994.

5R. Atkinson, J. Phys. Chem. Ref. Da2§, 215(1997).

R. Atkinson, J. Phys. Chem. Ref. Da8, 459 (1991).

4.6x10° 1 cm® molecule * s™1 at 298 K.

2.8X10 2 exp(—3280M) cm® molecule*s™!  over
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AH°=-57.1 kdmol™?*

Rate coefficient data

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

5.6x 10 16 298+ 2 Cantrellet al, 1985 @
Relative Rate Coefficients

(5.89+0.48)x 10 16 298+ 1 Atkinsonet al, 1984 (b,0

(8.7+0.6)x 10716 298+2 Cantrellet al, 1985 (c,d

(7.9+1.7)x10°1¢ 295+2 Hjorth, Ottobrini, and Restelli, 1988 (b,c,0
Reviews and Evaluations

5.8x10716 298 NASA, 1997 (e

5.8x 1016 298 IUPAC, 1997 (f)

Comments Comments on Preferred Values
. L . The data of Atkinsoret al.? Cantrell et al,* and Hjorth

(@ NOj radicals were generated situ from the reaction )

NO,+0;—NO;+0,. NO; radical concentrations were

measured by differential optical absorption spectros
copy (DOAYS), and the rate coefficient derived from the

measured concentrations of reactants and products
FTIR absorption spectroscopy and DOASr the NO;
radical and NG).

(b)
(©

sition of N,Os.

Relative to the equilibrium coefficier for the reac-
tions NO,+NO;=N,Os. The experimental data are
placed on an absolute basis by use of an equilibriu
coefficient of K=1.26x10 2" exp(11275T) cnv®
molecule *.%

NO; radicals were generated situ from the reaction
NO,+O03—NO3+0..

Derived from the data of Atkinsoret al,’> Cantrell
et al,! and Hjorthet al

See Comments on Preferred Values.

(d)
(e)
()

Preferred Values

k=5.8x 1016 cm® molecule 1 s 1 at 298 K.

Reliability
A log k=%*0.3 at 298 K.

b

NO; radicals were generated by the thermal decompo-

m

et al2 disagree by a factor of-1.5 when the same equilib-
rium constant for the N&-NO;=N,O5 reactions is used to

place the rate coefficients on an absolute basis. However, the
rate coefficient obtained by Cantreli al! from experiments
Which were independent of this equilibrium constant agrees
well with that derived from the Atkinsoet al? data.
Accordingly, a rate coefficient of 5:810 ®cm?®
molecule * s is recommended, with the uncertainty limits
reflecting the need for an absolute measurement. The pre-
ferred value is identical to that in our previous evaluation,
IUPAC, 1997° While no temperature dependence of the rate
coefficient has been measured to date, by analogy with
the NG; radical reaction with CECHO a preexponential
factor of ~2x10 %2 cm® molecule*s™! is expected, and
hence k(NO3+HCHO)~2x 10" 12 exp(—2430T) cnm®
molecule *s1.

This reaction proceeds by H-atom abstraction.

NO3;+HCHO—HNO;+HCO
References

IC. A. Cantrell, W. R. Stockwell, L. G. Anderson, K. L. Busarow, D.
Perner, A. Schmeltekopf, J. G. Calvert, and H. S. Johnston, J. Phys. Chem.
89, 139(1985.

2R. Atkinson, C. N. Plum, W. P. L. Carter, A. M. Winer, and J. N. Pitts, Jr.,

J. Phys. Chem38, 1210(1984.

3J. Hjorth, G. Ottobrini, and G. Restelli, J. Phys. Ch&. 2669(1988.

4“NASA Evaluation No. 12, 1997see references in Introductipn

5|UPAC Supplement V, 1997see references in Introduction

R. Atkinson, J. Phys. Chem. Ref. D28, 459 (1997).
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°=-53.0 kimol™*

Rate coefficient data

k/cm® molecule* st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.44x 10" 12 ex —(1860+ 300)/T] 264-374 Dlugokencky and Howard, 1989 F-LIF (a)
(2.74-0.33)x10 5 298
Relative Rate Coefficients
(2.54+0.64)x1071° 300 Morris and Niki, 1972 RR (b)
(2.44+0.52)x10°1® 298+ 1 Atkinsonet al, 1984 RR (b)
(3.15+0.60)x 107 1° 299+ 1 Cantrellet al, 1986' RR (b)
Reviews and Evaluations
1.4x 10712 exp(—19001) 260-370 NASA, 1997 (c)
1.4X 102 exp(—18601T) 260-370 IUPAC, 1997 (d)
Comments Comments on Preferred Values

The preferred values are based upon the sole absolute rate

@ '\.IO3 radlcals' were generated by the thermal dISSOC'acoeffluent study of Dlugokencky and Howatdhe rate co-
tion of N,Og in a flow system. L : ol 3
. . : ... efficients reported by Morris and NikiAtkinsonet al,® and
(b) The cited rate coefficients are relative to the equilib- 4 . .
. L . Cantrellet al* (when reevaluatddto be consistent with re-
rium coefficientK for the reactions N&+NO3;=N,0Os, S
; 57 > cent values of the equilibrium constant for the
with  K=1.26x10"2" exp(11275T) cnt molecule : . .
. NO,+NO3;=N,05 reaction$ are in good agreement with
being usedto place the measured data on an absolute, . L
basis his preferred value. However, because of the significant un-
(© The 298 K rate coefficient was the average of the Val_certa}n_Ues in this equilibrium cpnstaﬁn;hese r_elat|ve rate
. 3 4 coefficient data were not used in the evaluation of the pre-
ues of Atkinsonet al,” Cantrell et al,” and Dlugo- - . )
. ferred rate coefficient. The preferred values are identical to
kencky and Howard with the temperature dependence . . .
. those in our previous evaluation, IUPAC, 1997.
being that of Dlugokencky and Howatd.
(d) See Comments on Preferred Values.
Preferred Values References
k=2.7x10 *® cm® molecule * s * at 298 K. 1E. J. Dlugokencky and C. J. Howard, J. Phys. Che8).1091(1989.

k=1.4x 10" 12 exp(—1860) cm® molecule st  over  *E.D.Morris, Jr. and H. Niki, J. Phys. Chems, 1337 (1974,

the temperature range 260—370 K.

3R. Atkinson, C. N. Plum, W. P. L. Carter, A. M. Winer, and J. N. Pitts, Jr.,
J. Phys. ChemB8, 1210(1984).
4C. A. Cantrell, J. A. Davidson, K. L. Busarow, and J. G. Calvert, J.

Rellablllty Geophys. Res91, 5347(1986.
SNASA Evaluation No. 12, 1997see references in Introductipn
A logk==0.2 at 298 K. SJUPAC, Supplement V, 1997ee references in Introduction
A(E/R)=+500 K. "R. Atkinson, J. Phys. Chem. Ref. D28, 459 (1997).
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NO3 + CH3COCH3 — HN03 + CH3COCH2

AH°=—15.5 kdmol™?*

Rate coefficient data

k/cm?® molecule* st Temp./K Reference Comments
Absolute Rate Coefficients
<(8.5+2.5)x107 18 302 Boydet al, 199% @
Reviews and Evaluations
<3x10° Y 298 IUPAC, 1997 (b)
Comments Comments on Preferred Values

(@ Stopped flow system with detection of the N@dical The upper limit to th.e. preferred value is der|vg<17from the
i . . _overall rate coefficient of (1F0.5)x10 ' cm®
by optical absorption at 662 nm. Secondary reactions

511 1\
were believed to be important and a stoichiometry fac_molecule s~ measured by Boy@tal, with no account

tor of =2 has been used to obtain the cited upper Iimittaken of the expe_cted greater tha_n unity stqlchlometry. The
- preferred value is identical to that in our previous evaluation,
to the rate coefficient.

IUPAC, 19972
(b) See Comments on Preferred Values.
References
Preferred Values IA. A. Boyd, C. E. Canosa-Mas, A. D. King, R. P. Wayne, and M. R.
Wilson, J. Chem. Soc. Faraday Tragg, 2913(1991).
k<3x10" Y cm® molecule 1 st at 298 K. 2JUPAC, Supplement V, 1997see references in Introductipn
NO; + CH3;OH — products
Rate coefficient data

k/cm® moleculet 72 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

<6x10716 298+2 Wallingtonet al, 1987 FP-A

1.25xX 10712 ex — (2562+ 241)/T] 294-473 Canosa-Maat al, 198F DF-A

(2.1+1.1)x10° 16 294

1.06x 10" 12 ex —(2093+ 803)/T] 258-367 Langer and Ljungstrg 1995 DF-A (a)

(1.32+0.24)x 10716 295
Reviews and Evaluations

1.3X 10" *? exp(—25601) 290-480 IUPAC, 1997 (b)

Comments Preferred Values

(@ The cited Arrhenius expression leads to a rate coeffi- k=1.3x10" cm® molecule st at 298 K.
cient at 295 K of 8.&10 *®cm® molecule *s™, k=9.4x 10" 13 exp(~2650T) cn?® molecule s> over
clearly in disagreement with the measured value. Athe temperature range 250—370 K.
unit-weighted least-squares analysis of the rate coeffi-
cients measured by Langer and LjungetfoTable 3 Reliability
of Langer and Ljungstm® leads to k=9.36 A logk=+0.5 at 298 K.
X 10 exd —(2652+312)/T] cm® molecule *s™*, A(E/R)= =700 K.
where the indicated error is one standard deviation.
(b) Based on the absolute rate coefficients of Canosa-Maé
omments on Preferred Values

et al? =
The reported rate coefficients of Canosa-Masl? are
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higher by factors of 1.6—2.1 than those of Langer anderred values are still high because of the potential for sec-
Ljungstran® over the temperature range common to bothondary reactions in slowly reacting systems using absolute

studies(294—-373 K. Clearly there are systematic errors in
one or both of these studies. Based on the observation th
for the NGO, radical reaction with 2-propanol the data of
Langer and Ljungstm® may still be an upper limit to the
rate coefficient(see data sheet for N@ 2-propanol, the

preferred values were derived from the data of Langer and

Ljungstran® using the Arrhenius parameters given in com-
ment (a). The 298 K rate coefficient is calculated from the
resulting Arrhenius expression. It is possible that the pre

rate methods.

at
References

1T, J. wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., Int. J.

Chem. Kinet.19, 243(1987.

C. E. Canosa-Mas, S. J. Smith, S. Toby, and R. P. Wayne, J. Chem. Soc.

Faraday Trans. 85, 709 (1989.

3S. Langer and E. Ljungstre, J. Chem. Soc. Faraday Trarl, 405
(1995.

-4|UPAC, Supplement V, 1997see references in Introductipn

NO;3; + C,H;OH — products

Rate coefficie

nt data

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

<9x10716 298+2 Wallingtonet al, 1987 FP-A

6.99x 10 2 exd — (1815+ 419)/T] 273-367 Langer and Ljungstmg 199% DF-A

(1.81x0.26)x10 15 297
Reviews and Evaluations

<2x10°1® 298 IUPAC, 1997 @

Comments coefficient determined by Wallingtoet al,! and is consis-
- - tent with the 298 K rate coefficient of Langer and

(@ Based on the upper limit to the rate coefficient deter- 9

mined by Wallingtoret all

Preferred Values

k=<2x10"' cm®molecule*s™* at 298 K.

Comments on Preferred Values

By analogy with the data for the reaction of the N@di-
cal with 2-propanolsee data sheet in this evaluatipit is
likely that the rate coefficients of Langer and Ljungstfo

Ljungstran? calculated from their Arrhenius expression. No
recommendation is made concerning the temperature depen-
dence. The preferred value is identical to that in our previous
evaluation, IUPAC, 1997.

References

7. J. Wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., Int. J.
Chem. Kinet.19, 243(1987.
2S. Langer and E. Ljungstno, J. Chem. Soc. Faraday Trar@l, 405

are high because of the occurrence of secondary reactions;ggg.
The preferred value is based on the upper limit to the rate®lUPAC, Supplement V, 1997see references in Introduction
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Rate coefficient data (k=k;+k;)

k/cn?® molecule* st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
<2.3x1071% 298+2 Wallingtonet al, 1987 FP-A
1.54x 10 12 exd —(1743+1009)/T] 273-364 Langer and Ljung$trg 199% DF-A
(3.13+0.64)x10 15 295
Relative Rate Coefficients
<(1.7+0.6)x107'° 298+2 Chew, Atkinson, and Aschmann, 1§98 RR (a)
k;=(1.3+0.5)x 10" 298+2 Chew, Atkinson, and Aschmann, 1§98 RR (a)
Reviews and Evaluations
<5x10°1° 298 IUPAC, 1997 (b)
Comments coefficient may be the value obtained floy obtained

(a

from the ratio {k(NO;+2-propanol(yield of 2-
aceton@k,(NOs+methacroleiny 0.40+0.06 and the
rate coefficient ok(NO;+methacrolein)®

Based on the upper limit to the rate coefficient of Wall-

NO; radicals were generated by the thermal decompo-
sition of N,Og in air at atmospheric pressure. Experi-
ments were carried out in &7000 L Teflon chamber, b)
and the concentrations of 2-propanol and methacroleirg

: ingtonet al!

(the reference organiovere measured by GC. Rate 9
coefficient ratios  k(NOz+2-propanol)k(NOg
+methacrolein) were measured as a function of ini- Preferred Values
tially added NQ over the range (0-2.410% k=1.3x10"15 cn® molecule L s—1 at 298 K

~3 6 ~3 : '
molecule cm3(~2x10* molecule cm® of ethane k,/k=1.0 at 298 K.
were added when no NQvas initially addedl The rate
coefficient ratios were independent of initial Bl©on- o

Reliability

centration in the range (0—4.8)10** molecule cm?,
but increased for initial N@ concentrations
=9.6X 10" molecule cm>. Acetone was observed as
a reaction product, presumably from chanf®l fol-
lowed by Comments on Preferred Values
: The room temperature values for the overall reaction rate

CHC(OH)CH + 0, CH,C(O)CH +HO, coefficientk and fork, obtained by Chevet al2 are consis-
tent with the upper limit to the rate coefficient of Wallington
et al,! but are a factor of~2—3 lower than the absolute rate
coefficient of Langer and Ljungstmo? It is expected that the
reaction of the N@radical occurs almost entirely by H-atom
abstraction from the tertiary C—H bon@nd hence that
k1/k~1.0).: This expectation is consistent with the data of
. R Chewet al” The 298 K preferred value is based on the value
0.40+0.06 for experiments with initial N©concentra- of k, obtained by Chevet al® with the expectation that

; 3 ~3
tions (,)f (974'8)’< 10! mole.cule cm= The observed k,/k=1.0° No temperature dependence is recommended.
behavior is interpreted as involving a gas-phase reac-

tion of 2-propanol with the N@radical and a reaction
(gas-phase or heterogenepuo$ N,Os with 2-propanol
to form nitrates’ The rate coefficienk is obtained from | _ _ , .

. . T. J. Wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., Int. J.
the rate coefficient ratio k(NOs+2-propanol)/ Chem. Kinet.19, 243 (1987).
k(NOs+methacroleinyF0.519+0.053 at low added 2s. Langer and E. Ljungstno, J. Chem. Soc. Faraday Trar@l, 405
NO, concentration, combined with a rate coefficient _(1995.

; " —15 3A. A. Chew, R. Atkinson, and S. M. Aschmann, J. Chem. Soc. Faraday
of k(l_\llo\g_‘; methacroleln):3(3.3_ 1.0)x10 *® cm? Trane.64 1083 (1998,
molecule ~ s~ at (298t 2) K.” This overall rate coef-  4ypac, supplement V, 1997see references in Introductipn

ficient could still be an upper limit, and the true rate °R. Atkinson, J. Phys. Chem. Ref. Da28, 459 (1991).

A logk=+0.3 at 298 K.
A(ky/k)=*=0.3 at 298 K.

with a yield of ~0.76+0.09 at initial NG concentra-
tions of (0—4.8) 10" molecule cm® decreasing at
higher initial NO, concentrations. The values
of {k(NO3z+2-propanol(yield of acetongk(NO5
+methacrolein) were independent of initial Ncon-
centration over the entire range studi¢f0o—2.4)
X 10" molecule cm®], with an average value of

References

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999



272

ATKINSON ET AL.

(1)
— HNO; + CH,CH(OH)CH,CH;  (2)
— HNO; + CH;CH(OH)CHCH; ~ (3)
— HNO; + CH;CH(OH)CH,CH,  (4)

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

k/cm® moleculelst Temp./K Reference Technique/Comments
Relative Rate Coefficients

k=(2.5+0.8)x10 1® 298+ 2 Chew, Atkinson, and Aschmann, 1998 RR (a)

k,=(2.0+0.7)x 10" *® 298+2 Chew, Atkinson, and Aschmann, 1998 RR (a)

Comments

(@ NOjradicals were generated by the thermal decompo-
sition of N,Og in air at atmospheric pressure. Experi-
ments were carried out in 27000 L Teflon chamber,
and the concentrations of 2-butanol and methacrolein
(the reference organic were measured by GC.
Rate coefficient ratios k(NOz+2-butanol) k(NO3
+methacrolein) were measured as a function of ini-
tially added NQ over the range (0-2.410
molecule cm?® (~2x 10 molecule cm® of ethane
were added when no NQvas initially addedl The rate
coefficient ratios were independent of initial Bl€on-
centration in the range (0—4.8)10" molecule cm?,

but increased for initial N@ concentrations=9.6

NO, concentration, combined with a rate coefficient
of  k(NOs+methacrolein (3.3+1.0)x 10 ¥ cm®
molecule ! s™* at (298+ 2)K.! This overall rate coef-
ficient could still be an upper limit, and the true-rate
coefficient may be the value obtained floy obtained
from the ratio {k(NOz+2-butano)(yield of
2-butanongk,(NO;+methacroleiny 0.60+0.07 and
the rate coefficienk(NO;+methacrolein)t

Preferred Values

k=2.0x10" ' cm® molecule ! s* at 298 K.
ky/k=1.0 at 298 K.

X 10"> molecule cm®. 2-Butanone was observed as a Rejiability

reaction product, presumably from chann@) fol-
lowed by
CH3C(OH)CH,CHy+0,—CH5C(0)CH,CHy+HO,
with a yield of ~0.79+0.09 at initial NG concentra-
tions of (0—4.8) 103 molecule cm?®, and decreasing

A logk=+0.3 at 298 K.
A(ky/k)==0.3 at 298 K.

Comments on Preferred Values

The preferred values are based on the sole study of Chew

at higher initial NQ concentrations. The values et all In view of the magnitude of the rate coefficient com-

of {k(NOs;+2-butano)(yield of 2-butanongk(NO;
+methacrolein) were independent of initial NOcon-
centration over the entire range studi¢f0o—2.4)

pared to that for reaction of the NQ@adical with n-butane
(this evaluatiol, reaction is expected to occur almost totally
at the tertiary C—H bondi.e., k;/k=1.0). The preferred

X 10" molecule cm®], with an average value of value therefore uses the measured rate coeffidigraom-

0.60+0.07 for experiments with initial N©concentra-
tions of (0—4.8) 10 molecule cm®. The observed

behavior is interpreted as involving a gas-phase reac-

tion of 2-butanol with the N@radical and a reaction
(gas-phase or heterogenepu$ N,O5 with 2-butanol
to form nitrates’ The rate coefficierk is obtained from
the rate coefficient ratio k(NOz+2-butanol)/
k(NOs;+methacroleiny 0.754+0.065 at low added

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999

bined with the expectation thét /k=1.0.

References

IA. A. Chew, R. Atkinson, and S. M. Aschmann, J. Chem. Soc. Faraday
Trans.94, 1083(1998.

23, Langer and E. Ljungstro, J. Chem. Soc. Faraday Trarl, 405
(1995.
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CH3+02+M—>CH302+M

AH°=—136.0 kdmol™*

Low-pressure rate coefficients

Rate coefficient data

ko /cm® molecule 1 st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
2.6X10 %' [N,] 298 Basco, James, and James, 1972 FP-AS(a)
3.1X10731[N,] 298 Parkes, 1977 MM-AS (b)
4.5x10 1 [N,] 296 Selzer and Bayes, 1983 PLP-MS(c)
(7.0+1.0)X10 3L [Ar] 298 Coboset al, 1985 PLP-AS (d)
(8.0+1.0)X10 3 [N,] 298
(4.8+0.6)x 1073 [Ar] 298 Pilling and Smith, 1985 PLP-AS(e)
(1.0+0.3)x 107 3% T/300) 33 [Ar] 334-582 Keiffer, Pilling, and Smith, 1987 PLP-AS (f)
Relative Rate Coefficients
6.1X 10723 exp(1000T) [N,] 259-339 Washida and Bayes, 1976 DF-MS (g)
1.8X 10731 [N,] 298
8.0X 10732 exp(243T) [Ar] 230-568 Pratt and Wood, 1984 (h)
1.8<10 %' [Ar] 298
(7.56+1.1)x 10 3%(T/300) 364[N,] 264-370 Kaiser, 1993 (i)
Reviews and Evaluations
4.5x 10 3%(T/300) 3° [air] 200-300 NASA, 1997 ()
1.0x 107 3(T/300) 33[N,] 200-300 IUPAC, 199% (k)
Comments added Q on the radical combination products. Falloff

(@

(b)

(©
(d)

(e)

(f)

(h)

curves were constructed assuming thatand F. are
independent of temperature.

(i) Mixtures of Ch, CH,, diluent(N,, Ar, He, or Sk)
were irradiated with a fluorescent lamp. The QBiss
and CHCI formation were measured by GC. Data
were obtainedfor N, or O,) between 3 mbar and 13

Pressure range 40-500 mbar. Lindemann—
Hinshelwood plot was used for extrapolationkipand
Ko .

Molecular modulation spectroscopy. Pressure range
25—-1000 mbar. Lindemann—Hinshelwood extrapola-

tion to ko andk. . bar at 297 K, 25 mbar and 2 bar at 370 K and 50 mbar
Pressure varied between 0.6 and 8 mbar. and 15 bar at 264 K. The data were fitted usiRg
Pressure of the bath gases, M, and Q, varied be- —0.48 at 264 K, 0.46 at 297 K, and 0.42 at 370 K.

tween 0.2 mbar and 150 bar. Falloff curves were con<j) Based on the measurements of Selzer and Bayes.
structed withF.=0.27, N=1.47 andk,,=2.2<10" 12 (k) See Comments on Preferred Values.

cn® molecule * s1. The low value of the theoretically

modeledF, leads to a high limiting value ok, ex- Preferred Values

tracted from the measurements.

Pressures of bath gas Ar varied between 4.2 and 645 Ko=1.0x10"3%(T/300)" 33 [N,] cn® molecule * s™* over
mbar. Falloff curves constructed usitigz=0.57 (in-  the temperature range 200—-300 K.

cluding strong and weak collision contributions

Measurements in the pressure range 25-790 mbaReliability

Falloff curves constructed with ;= 0.6. Various fitting A log ky==*0.2 at 298 K.

procedures were applied and discussed. An==+1.

The rate coefficientsk(CHz+O,+M—CH;0,+M)

plus k(CH3+0,—HCHO+HO) were measured rela- comments on Preferred Values

tive to k(O+CH;—products). Evaluation with  The evaluation uses the results of Refs. 6 and 9, although
k(O+CHg)=1.0x10" ' cm® molecule *s™. Extrap- different values ofF . were employed. The temperature de-
olation tokg. pendence oF ; applied in Ref. 6 does not extend to tempera-
Discharge-flow system at pressures of 2.6—13 mbarures below 300 K. The calculated valuesFqfused in Ref.
CHj, radicals were produced from the+C,H, reac- 12 are preferred, i.eF.=0.27 at 300 K. The recommenda-
tion. Reaction rates were determined from the effect otion of IUPAC, 1997 remains unchanged.
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High-pressure rate coefficients

Rate coefficient data

k. /cm® molecule st Temp./K Reference Technigue/Comments
Absolute Rate Coefficients
1.8x10 %2 298 Van den Bergh and Callear, 1971 FP-AS(a)
5x10 18 298 Basco, James, and James, 1972 FP-AS (b)
1.2x10 12 298 Parkes, 1977 FP-AS(c)
2.2x1071? 295 Hochanadeét al, 19774 FP-AS(d)
(2.2+0.3)x 10" *4(T/300)°%* 200-400 Cobost al, 1985 PLP-AS(e)
(1.05+0.12)x 10" 12 298 Pilling and Smith, 1985 PLP-AS (f)
(1.2£0.2)X 10" X T/300)*? 334-582 Keiffer, Pilling, and Smith, 1987 PLF-AS (g)
Relative Rate Coefficients
1.7x10 2 298 Laufer and Bass, 1975 FP-GC(h)
(1.31+0.1)x 10" *4(T/300)*2 264-370 Kaiser, 1993 ()
Reviews and Evaluations
1.8x 107 *3(T/300) 17 200-300 NASA, 1997 ()
1.8x 107 3(T/300)** 200-300 IUPAC, 199% (k)
Comments Reliability
A log k,==*0.3 over the temperature range 200—300 K.
(@ Pressure range 40—400 mbar gHg. RRKM extrapo- An—g 4l_<°°1 P 9
lation tok., . -
(b) See commenta) for kg.
(c) See commentb) for kg. Comments on Preferred Values
(d) 12% falloff correction applied using the results of Ref. ~The preferred value is an average of earlier results from
1. Refs. 4 and 6 and the more recent determination by Kdiser,
(e) See commentd) for kg. and is identical to that in our previous evaluation, IUPAC,
11
(f)  See commente) for k. 1997.
(g0 See commentf) for k. _ References
(h) Pressure range 66—920 mbar, RRKM extrapolation to
k.. Rate measured relative to GHCH;—C,Hg and IN. Basco, D. G. L. James, and F. C. James, Int. J. Chem. Kindr9
; _ 11 (1972.
exgluated with K(CHgtCHs—CoHg) =9.5x 10 2D, A. Parkes, Int. J. Chem. Kine8, 451 (1977.
~ cmrmolecule " s~ from the same work. SE. A. Selzer and K. D. Bayes, J. Phys. Che, 392 (1983.
(i) See commentj) for kg. 4C. J. Cobos, H. Hippler, K. Luther, A. R. Ravishankara, and J. Troe, J.
(J) See Commen¢k) for kO' Phys. Chem89, 4332(1985.
(k) See commen¢|) for k 5M. J. Pilling and M. J. C. Smith, J. Phys. Che@®, 4713(1985.
O .

Preferred Values

k=9.5x10 1 cm®* molecule 1 st at 298 K and 1 bar of

ailr.

k.=1.8x10 *2(T/300)"* cm® molecule s over the
temperature range 200—300 K.
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5M. Keiffer, M. J. Pilling, and M. J. C. Smith, J. Phys. Che@d, 6028
(1987.

’N. Washida and K. D. Bayes, Int. J. Chem. Kin@t.777 (1976.

8G. L. Pratt and S. W. Wood, J. Chem. Soc. Faraday Trarg0, B419
(1989.

9E. W. Kaiser, J. Phys. Cherf7, 11681(1993.

1ONASA Evaluation No. 12, 1997see references in Introductipn

1UPAC, Supplement V, 1997see references in Introductipn

2|JUPAC, Supplement lil, 1989see references in Introduction

13H. Van den Bergh and A. B. Callear, Trans. Faraday $@c2017(1971).

14C. J. Hochanadel, J. A. Ghormley, J. W. Boyle, and P. J. Ogren, J. Phys.
Chem.81, 3 (1977.

15A. H. Laufer and A. M. Bass, Int. J. Chem. Kinét, 639 (1975.
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C2H5 + 02 — C2H4 + H02

AH°=—54.1 kdmol™*

Rate coefficient data

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

(2.1+0.5)x10°13 295 Plumb and Ryan, 1981 (@

<1018 1000 Wagneket al, 199G PLP-MS (b)
Relative Rate Coefficients

1.9x 10" (130 mbar, air 298 Kaiser, Lorkovic, and Wallington, 19390 (c)

3.8x 10 ** (1 bar, ai) 298

9.8x10 6 (8 bar, ai) 298
Reviews and Evaluations

3.3x 10 12 exp(—2510T) 700-2000 Warnatz, 1984 (d)

1.4X 102 exp(—19501) 300-2500 Tsang and Hampson, 1986 (e

<2.0x10 200-300 NASA, 1997 ()

1.9x10 % (0.133 bay 298 IUPAC, 1997 (9

3.8x10 *° (1 bap 298

Comments k=1.9x10"1* cm® molecule's™! at 298 K and 0.133

(a Discharge flow system. s radicals were generated P&r of air.
from the reaction C+C,Hg—HCI+C,Hs. C,Hg and
C,H, were measured directly by MS. The rate coeffi- Reliability
cient k was determined from the measured yields of A logk==*0.5 at 298 K.
C,H,. k found to be independent of pressue8-13

mbap. . Comments on Preferred Values

(b) Experimental and theoretical study of theHz+O, re- The recommended pressure-dependent valudsggfare
action. Experiments were carried out in tubular flamegm the product study of Kaisest al® and are identical to
reactor. GHs radicals were formed by laser photolysis qse in our previous evaluation, IUPAC, 199hcreasing
of CHsBr or CCl,—C,Hg mixtures. Concentrations of e pressure, therefore, decreases the apparent rate coeffi-
CHs and GH, were monitored by photoionization cient of this reaction. At a given pressure, increasing the
MS. _ . temperature leads to an increasing yield gHE

(c) Study of the yields of ¢H, produced relative to the  £qr g fyll discussion on the mechanism of theHG+O,
CoHg consumed(GC analysis in a system in which reaction see the paper of Wagraral? It is clear that for
C,Hs radicals were generated from UV irradiation of 4imospheric conditions the interaction oftG with O, to
Cly—CoHg—0,—-N, (or ain mixtures. Up to 8 bar the  form C,H.0, radicals is by far the dominant pathway. The
percentage of &1, produced, relative to thels COn-  \york of Kaise? provides information on the mechanism of
sumed, decreased from 12% to 0.02%, following ac,y, formation. According to this, the reaction proceeds via

~0.8+0.1) ; ; ;
P ' pressure dependence in air. The listedy rearrangement of the excitedHGO, adduct with an en-
pressure-dependekt values are relative to values of ergy barrier of (4.6:1.0) kJ mor™.

k(C,H5+0,+M—C,H;0,+M) calculated from the
preferred recommended valués.

(d) Includes high-temperature data from shock tube and
other studies.

(e) Based on data from Ref. 8. Included high-temperature

References

1. C. Plumb and K. R. Ryan, Int. J. Chem. Kin&B8, 1011(1981).
2A. F. Wagpner, |. R. Slagle, D. Sarzynski, and D. Gutman, J. Phys. Chem.

data from shock tube and other studies. 94, 1853(1990.
(f) Estimation applicable only for lower atmospheric pres- ®E. W. Kaiser, I. M. Lorkovic, and T. J. Wallington, J. Phys. Ched¥,
sure and temperature conditions. 3352(1990.

4J. Warnatz, irCombustion Chemistrgdited by W. C. GardingiSpringer,
New York, 1984, p. 197.

5W. Tsang and R. F. Hampson, J. Phys. Chem. Ref. D3t4987(1986.

6NASA Evaluation No. 12, 1997see references in Introductipn

;IUPAC, Supplement V, 1997see references in Introductipn

k=3.8x 10" cm® molecule * s™* at 298 K and 1 bar of %;g_Bf;%\,Ng]é?IA/(\ig?cc)lfe“ng’ e W Welker, 3 Ghem. Soe. Faradey

air. 9E. W. Kaiser, J. Phys. Cherf9, 707 (1995.

(g) See Comments on Preferred Values.

Preferred Values
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CzH5 + 02 + M — C2H502 + M

AH°=—149.6 kimol™*
Low-pressure rate coefficients

Rate coefficient data

ko /cn molecule* st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(7.5+2)x10 2 [He] 295 Plumb and Ryan, 1981 DF-MS (a)
7.5x107?° [He] 298 Slagle, Feng, and Gutman, 1884 DF-MS (b)
1.96x 107 5T~ 824 exp(—2150) [He] 296-850 Wagneet al, 199G PLP-MS (c)
5.9x10 ?° [He] 298
Relative Rate Coefficients
(6.5+2.0)X 10" ?° [He] 298 Kaiser, Wallington, and Andino, 1990 (d)
Reviews and Evaluations
1.5x 10~ %(T/300) 39 [air] 200-300 NASA, 1997 (e)
5.9x 107 2%(T/300) 38 [N,] 200-300 IUPAC, 1997 )
Comments (fy See Comments on Preferred Values.

(@ Measurements at 210'°-3.4x 10'" molecule cm?®
extrapolated t&k, andk., with F.=0.85.
(b) Bath gas concentration varied betweenx16'® and
2.4x 10" molecule cm®. Data in agreement with val- ko= 5.9 10" 2(T/300) 38 [N,] c® molecule ™™ s over
ues measured by Plumb and Ryan. the temperature range 200—300 K.
(c) Experiments carried out in a heatable tubular reactor.
He pressures from 0.7 to 20 mbar were used. o
(d) C,Hs radicals were produced by UV irradiation of mix- Reliability
tures of Ch—C,Hs—0,. The consumed £ was deter- A logko==0.3 at 298 K.
mined by either FTIR or GC with flame ionization de- An=*1.
tection (which also allowed the amount of,85CI
formed to be measur@dRate coefficients were mea- Comments on Preferred Values
sured as a function of pressue-2000 mbarrelative We prefer the extensive results from Ref. 3 because the
to that of the reaction &i5+Cl,—C,HsCI+Cl, and falloff extrapolationk, was done with a careful theoretical
placed on an absolute basis by use of a rate coefficieranalysis. Falloff extrapolations were made with theoretically
of k(C,Hs+Cl,) =2.9x10 2 cm® molecule *s*at 7 derived values ofF .= 0.64 at 200 K and 0.54 at 300 K. The
mbar. preferred values are identical to those in our previous evalu-
(e) Based on the measurements of Ref. 4. ation, IUPAC, 1997

Preferred Values
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High-pressure rate coefficients

Rate coefficient data
k. /cm® molecule st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(4.4+0.5)x 10712 295 Plumb and Ryan, 1981 DF-MS (a)
4.4x10712 300 Slagle, Feng, and Gutman, 1884 DF-MS (b)
1.3x 10 *2 exp(420T) 298-400 Munket al, 1986 (0)
5.3x10°* 298
3.67x 10" “T%"2 exp(287T) 296-850 Wagneet al, 199G PLP-MS (d)
7.8x10 12 298
Relative Rate Coefficients
(9.2+0.9)x10°*? 298 Kaiser, Wallington, and Andino, 1990 (e
(8.1+0.3)x10 2 260-380 Kaiser, 1995 ()
2.9X10 12 exp(289T) 243-475 Dilgeret al, 1996 (9)
7.6x10 12 298
Reviews and Evaluations
8.0x107 12 200-300 NASA, 1997 (h)
7.8x 10712 200-300 IUPAC, 1997 (i)
Comments Comments on Preferred Values
As for ky we prefer the extensive data from Ref. 3 because
(@ See commenta) for kg. : ST . : .
of their combination with a careful theoretical analysis. We
(b) See commentb) for k. . o
L . assume a temperature independent rate coeffikigtelow
(c) Pulse radiolysis in Klat 1 bar. GH, radicals were gen- : . :
erated from the reaction of HC,H,. C,H<O, radicals 300 K. Falloff curves were fittedwith an expressiorF,
were monitored bv absorntion Zt42 40 nfn 2 =[0.58 exp{-T/1250)+0.42 exp(-T/183)] which leads to
y P ' F.—0.64 at 200 K and 0.54 at 300 K. Within the stated error
(d) See commenfc) for kg. c. . .
limits, the available data all agree with the preferred values
(e) See commentd) for k. .
. X based on Ref. 3. Quantum Rice—Ramsperger—Kassel
(f) Photolysis of C} in the presence of £5, O, and =t . o
= (QRRK) calculationd! of the reaction are less realistic than
M=He or N, at a pressure of 760 mbat,, was mea- ; .
. : the RRKM calculations of Ref. 3. The analysis of the reac-
sured relative to the reaction,i@5+Cl,—C,HsCl,+Cl . : . . .
. < 11 tion system is complicated because there is a coupling of the
for which a rate coefficient of 1.0410 o . . . . .
11 10 addition reaction with the reaction forming,ld,, i.e.,
X exp(300T) cm® molecule* s~ was employed: o
: ; o . C,H5+0,—C,H,+HO, (see the analysis in Ref).3The pre-
(g9 Muon relaxation method in longitudinal magnetic ) . )
) . ..~ ferred values ok, andk,, are identical to those in our pre-
fields. MuCHCH, radicals were generated by addition _: : .
. o vious evaluation, IUPAC, 1997and are in good agreement
of muonium (Mu=x"e") to C,H,. Total pressures of . . 9
. with the recent measurements of Kafsand Dilgeret al
N, varied between 1.5 and 60 bar.
(h) See commenfc) for kg. References
(i) See Comments on Preferred Values.

Preferred Values

k=7.0x10 12 cm®* molecule 1 st at 298 K and 1 bar of

ailr.

k.=7.8x10 *? cm® molecule s, independent of tem-
perature over the range 200-300 K.

Reliability
A log k,=*0.2 over the temperature range 200—300 K. *J. W. Bozzelli and A. M. Dean, J. Phys. Chegd, 3313(1990.

1. C. Plumb and K. R. Ryan, Int. J. Chem. Kiné@B, 1011(1982).

2|, R. Slagle, Q. Feng, and D. Gutman, J. Phys. Ch&8n3648(1984.

3A. F. Wagner, I. R. Slagle, D. Sarzynski, and D. Gutman, J. Phys. Chem.
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n'C3H7 + 02 + M — n-C3H702 + M

High-pressure rate coefficients

Rate coefficient data

k.. /cm® molecule* st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(5.5+0.9)x10"*? 298 Ruiz and Bayes, 1984 FP-MS (a)
6x10 *? 297 Slagle, Park, and Gutman, 1885 PLP-MS (b)
Reviews and Evaluations
8x10 12 200-300 IUPAC, 1997 (0)
Comments Reliability

(@ No pressure dependence detected between 1.3 and 5A log k.==0.2 over the range 200-300 K.

mbar of He or N.
(b) n-CsH- radicals were produced by G@aser photoly- Comments on Preferred Values
sis of GF;C4Hy. Only weak pressure dependences The ava|lable experimental data are consistent with each
were observed over the range of He of pressures other!? Because they were obtained at total pressures below
from 0.5 to 9 mbar. The rate coefficient decreasedl30 mbar, we estimate that some falloff corrections have to
from 6X 10 2 cmd molecule s to 2.8 10 18 cmd be applied and these are taken into account in the preferred
molecule * s~ over the temperature range 297—635 K. values. These values are consistent with experiments for the
(c) See Comments on Preferred Values. reactions GHs+0,+M—C,Hs0,+M and i-CsH;+0,+M
—i-C3H,0,+M (see this evaluation The preferred values
are identical to those in our previous evaluation, IUPAC,

Preferred Values 19973
k=6x10"2 cm® molecule*s™! at 298 K and 1-10 References
mbar of air.
k~k, at 298 K and 1 bar of air. !R. P. Ruiz and K. D. Bayes, J. Phys. Che88, 2592(1984).

2|, R. Slagle, J.-Y. Park, and D. GutmazQth International Symposium on
_ —12 1l ' :
k..=8x10"*? cm® molecule *s™%, independent of tem- Combustion, 1984Combustion Institute, Pittsburgh, 198Hp. 733—741.
perature over the range 200—300 K. 3JUPAC, Supplement V, 1997see references in Introduction

i-C3H; + Oy, + M — j-C3H,0, + M
AH°=—158.9 kmol*

High-pressure rate coefficients

Rate coefficient data

k., /cm® molecule* st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(1.41x0.24)x 10 11 298 Ruiz and Bayes, 1984 FP-MS (a)
8.3x107 12 300 Munket al, 1986 (b)
Reviews and Evaluations
1.1x10™ 1 200-300 IUPAC, 199%7 (c)
Comments generated by the addition of H atoms tgHg and

i-C3H,O, detected by UV absorption at 253 nm. Ab-
sorption spectrum of-CsH; was also detected.
(c) See Comments on Preferred Values.

(@ No pressure dependence detected for He giphés-
sures from 1.3 to 5 mbar.
(b) Pulse radiolysis in Kat 1 bar.i-C3H; radicals were
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Preferred Values uncertainties of the average. The rate coeffickenfor this
) reaction appears consistent with those for the reactions

k~k, at 298 K and 1 bar of air. CHs+ 0t M—CoHsO,+M  and  n-CgHy+0,+M

k.=1.1x10"** cm’ molecule ! s, independent of tem- —n-C3H,0,+M (see this evaluation The preferred values
perature over the range 200-300 K. are identical to those of our previous evaluation, IUPAC,

19973

Reliability

A log k,==0.3 over the range 200—-300 K. References

!R. P. Ruiz and K. D. Bayes, J. Phys. Che#8, 2592 (1984.
Comments on Preferred Values 2J. Munk, P. Pagsberg, E. Ratajczak, and A. Sillesen, Chem. Phys. Lett.
The preferred values are the average of the results from i3, 417 (1986.

Refs. 1 and 2. Falloff corrections are probably within the IUPAC, Supplement V, 1997see references in Introduction

1'C4H9 + 02 + M — 1-C4H902 + M

High-pressure rate coefficients

Rate coefficient data

k.. /cn® molecule* st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(7.5+1.4)x10" 12 300 Lenhardt, McDade, and Bayes, 1880 FP-MS(a)
Reviews and Evaluations
7.5x10 %2 300 Atkinson, 1997 (b)
Comments A logk,=*0.5 at 298 K.

(@ 1-Butyl radicals were generated by the flash photolysis
of 1-butyl iodide and detected by MS. No pressure de-Comments on Preferred Values
pendence of the rate coefficients was observed over the The preferred value is based on the study of Lenhardt
range 1.3—5.3 mbar of He. et all Because this is the only study of this reaction, we
(b) Based on the data of Lenharelt al assign large error limits. This reaction should be close to the
high pressure limit at atmospheric pressure.

Preferred Values References

k..=7.5x10 2 cm® molecule * st at 298 K.
1T. M. Lenhardt, C. E. McDade, and K. D. Bayes, J. Chem. Piigs304
_ (1980.
Reliability °R. Atkinson, J. Phys. Chem. Ref. Da8, 215(1997.

2'C4H9 + 02 + M — 2-C4H902 + M

High-pressure rate coefficients

Rate coefficient data

k.. /cn® molecule* st Temp./K Reference Technique/Comments

Absolute Rate Coefficients
(1.66+0.22)x 107 1* 300 Lenhardt, McDade, and Bayes, 1480 FP-MS (a)

Reviews and Evaluations
1.66x10 1 300 Atkinson, 1997 (b)
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Comments Reliability

2-Butyl radicals were generated by the flash photolysis A logk,==0.5 at 298 K.

of 2-butyl iodide and detected by MS. No pressure de-

pendence of the rate coefficients was observed over theomments on Preferred Values
range 1.3—5.3 mbar of He. The preferred value is based on the study of Lenhardt

1
(b) Based on the data of Lenharelt al* etal.
References
Preferred Values IT. M. Lenhardt, C. E. McDade, and K. D. Bayes, J. Chem. Pligs304
(1980.
k.,=1.7x10" cm® molecule * st at 298 K. 2R. Atkinson, J. Phys. Chem. Ref. Da2§, 215 (1997.
CH3;COCH, + O, + M — CH3COCH,0, + M
High-pressure rate coefficients
Rate coefficient data
k. /cm® molecule st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.45x10 12 298 Coxet al, 1990 (@
Reviews and Evaluations
1.5x10 12 298 IUPAC, 1997 (b)

Comments Reliability
Alog k,,==*0.5 at 300 K.

(@ Pulse radiolysis of CECOCH,—O,—Sk; mixtures at 1
bar of Sk. CH;COCH, radicals were formed from the
reaction of F atoms with CY€OCH;,. At the monitor- ~Comments on Preferred Values
ing wavelength of 310 nm both GBOCH, and The preferred values are based on the study of €a
CH;COCH,0, absorb, with the absorption cross sec-Because this is the only study of this reaction, we assign
tion of the peroxy radical being a factor of 1.7 greaterlarge error limits. Near atmospheric pressure this reaction
than that of the CECOCH, radical. The rate coeffi- should be close to the high pressure limit. The preferred
cient was evaluated by simulations of the above reacvalue is identical to that in our previous evaluation, IUPAC,
tion together with the reacton GBOCH, 19977
+CH;COCH,0,—2CH;COCH,0.
(b) See Comments on Preferred Values.
References
Preferred Values
. IR. A. Cox, J. Munk, O. J. Nielsen, P. Pagsberg, and E. Ratajczak, Chem.
k~k. at 298 K and 1 bar of air. Phys. Lett.173 206 (1990.
k,,=1.5x10 2 cm® molecule 1 s™* at 298 K. 2|UPAC, Supplement V, 1997ee references in Introduction
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HCO + 0, — CO + HO,

AH°=—139.0 kdmol™*

Rate coefficient data

k/cm® molecule* st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(5.6+0.9)x10 2 300 Shibuyeet al, 1977 FP-AS(a)
5.5x 1071t T~(04£03) 298-503 Veyret and Lesclaux, 1981 FP-AS (b)
(5.6+0.6)x 1012 298
(4.65+0.6)x 10" *? 295 Langford and Moore, 1984 PLP-AS(c)
1.3x 10" exd —(204+ 180)/T] 295-713 Timonen, Ratajczak, and Gutman, 1988 PLP-MS(d)
6.2x 10 12 295
3.2xX107 12 exp(87T) 200-398 Stief, Nesbitt, and Gleason, 1990 DF-MS (e)
4.3x10 12 298
4.3x10-12 298 Dde, Wagner, and Ziemer, 1985 DF-LMR (f)
Relative Rate Coefficients
(5.7+1.2)x10 *? 297 Washida, Martinez, and Bayes, 1974 RR (g)
Reviews and Evaluations
5.0< 10 2 300-2500 Baulctet al, 1992 (h)
3.5X 10" *2 exp(140T) 298-503 NASA, 1997 (i)
5.5x10 12 200-400 IUPAC, 199 ()
Comments (i) Based on the data of Shibuyet al.! Veyret and

Lesclaux? Langford and Mooré,and Washideet al.”

() Based on the data of Shibuyet al.! Veyret and
Lesclaux? Timonenet al,* Stief et al,> and Washida
et al’

(@ Flash photolysis of CECHO-0O, mixtures; HCO
monitored by time-resolved absorption at 613.8 nm.
There was no pressure effect bfor pressures of up to
690 mbar(520 Torp of He.

(b) Flash photolysis of HCHO and GBHO; HCO was
monitored by laser absorption at 614.5 nm at total pres-

sures of 17-660 mbdd.3—500 Tory. . k=5.2x10"*2 cm® molecule 7%, independent of tem-
(c) Pulsed laser photolysis of HCHO or (CHOWith  nerature over the range 200—400 K.
monitoring of HCO by absorption at total pressures of

up to 1330 mbaf1000 Tory.

(d) Pulsed laser photolysis of GBHO; HCO was moni-
tored by photoionization MS at pressures of 0.69-1.22
mbar (0.52—-0.92 Tory.

(e) Discharge-flow system. HCO radicals were generated
from CI+HCHO and monitored by photoionization Comments on Preferred Values
MS. The preferred temperature-independent rate coefficient is

(f) HCO radicals were generated by the reaction of F atthe average of the room-temperature rate coefficients of
oms with HCHO. The total pressure was 1.7 mbar ofShibuyaet al,* Veyret and LesclauxLangford and Mooré,

. 4 . 5 , ’ 6 .
He. The yield of HQ radicals was measured relative to Timonen etal,” Stief etal,” Dobe etal,” and Washida
the formation yield of HQ radicals from the reaction ©tal.” Taken together, the temperature-dependent studies of

of F atoms with HO, and determined to be 1.00 Veyretand Lesclauk Timonenet al,* and Stiefet al® show

+0.05. that the rate coefficient of this reaction is essentially inde-

y pendent of temperature over the range 200—400 K, within
the error limits of the measurements.

Preferred Values

Reliability
A logk=+0.15 at 298 K.
A(E/R)==*=150 K.

(g) Discharge flow system with HCO being monitored b
photoionization MS. k measured relative tok(O
+HCO—products)=2.1x10 1% cm® molecule*s*

(measured in the same apparatig observing the ef- References
fect of O, on[HCO] in a flowing mixture of Q—C,H,;
k/k(O+HCO)=(2.74+0.21)x 102 1K. Shibuya, T. Ebata, K. Obi, and I. Tanaka, J. Phys. Chéin.2292
L ) . (1977.
(h) Based on the data of Veyret and Lesclaand Ti- 2B Veyret and R. Lesclaux, J. Phys. Che8s, 1918 (1981).
monenet al? 3A. O. Langford and C. B. Moore, J. Chem. Phg§, 4211(1984).
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4R. S. Timonen, E. Ratajczak, and D. Gutman, J. Phys. Cle&n651 ’N. Washida, R. I. Martinez, and K. D. Bayes, Z. Naturfor&9s, 251
(1988. (1974.

5L. J. Stief, F. L. Nesbitt, and J. F. Gleason, Abstracts of papers presentedD. L. Baulch, C. J. Cobos, R. A. Cox, C. Esser, P. Franck, Th. Just, J. A.
at the International Symposium of Gas Kinetics, Assisi, Italy, September Kerr, M. J. Pilling, J. Troe, R. W. Walker, and J. Warnatz, J. Phys. Chem.

1990. Ref. Data21, 411(1992.
8S. Dthe, H. G. Wagner, and H. Ziemer, React. Kinet. Catal. L&4.271 9NASA Evaluation No. 12, 1997see references in Introductipn
(1995. 0)UPAC, Supplement V, 1997see references in Introductipn

CH3CO + O, + M — CH;C(0)O, + M
AH°=—-162 kJmol™*

High-pressure rate coefficients

Rate coefficient data

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

(2.0+0.4)x 10712 298 McDade, Lenhardt, and Bayes, 1882 @

(3.0£0.6)x 10712 296 Kaiser and Wallington, 1995 RR (b)

(3.2+0.6)x 10712 298 Tyndallet al, 1997 RR (c)

(3.3+0.6)x 1012 228
Reviews and Evaluations

2.0x10 *2(1.3-5 mbar 298 IUPAC, 1997 (d)

5.0x10712 200-300

Comments Preferred Values

(@) Flow system with CHCO generated from pulsed pho- —3.2x 10722 cn® molecule * s, independent of tem-

tolysis of CHCOCH; or CHCOCHCOCH;  perature over the range 220—300 K.
[CH;CO] was monitored by photoionization mass

spectrometry and kinetics evaluated from pseudofirst-
order decays of C4CO. The pressure range was 1.3-5 Reliability
mbar. A log k..==*0.2 over the temperature range 220—-300 K.
(b) Measurement of the rate coefficient ratio for
k(CH3CO+Cl)/k(CH3CO+0,)=7.920.5 at 930 Comments on Preferred Values
mbar total pressure. This rate coefficient ratio is placed The preferred values are based on the data of Kaiser and
on an absolute basis by use of a rate coefficient OWaIIingtor? and Tyndallet al3
k(CHyCO+Cl,) =2.4x 10" ** cm® molecule * s71.°
(c0 Measurement of the rate coefficient ratios
k(CH;CO+Cl,)/k(CH3;CO+0,) at 228 and 298 K
over the pressure range 0.13—1460 mbar. The rate con-
stantk was observed to increase with increasing pres-
sure, with the rate coefficiet approaching the high-
pressure limit above-400 mbar. The rate coefficient

ratio is placed on an absolute basis by use of a,
.. — C. E. McDade, T. M. Lenhardt, and K. D. Bayes, J. Photoch2@.1
rate  coefficient of k(CHsCO+Cl,)=2.8x10 ! (1082. y

References

X exp(—47/T) cm® molecule *s™%.° 2E. W. Kaiser and T. J. Wallington, J. Phys. Ched8, 8669 (1995.
(d) Based on Ref. 1, with some falloff correction estimated ®G. S. Tyndall, J. J. Orlando, T. J. Wallington, and M. D. Hurley, Int. J.
by comparison to the reaction ,85+0,+M Chem. Kinet.29, 655(1997.
4 .
—>C2H5OZ+M (this evaluatiom IUPAC, Supplement 1V, 1997see references in Introductipn

5M. M. Maricq and J. J. Szente, Chem. Phys. L2&3 333(1996.
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AH°=-76.2 kdmol™*

Rate coefficient data

k/cm® molecule * s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

(9.5+2.5)x10 *2 298 Grotheeet al, 1985 DF-MS (a)

(10.6+2.5)x 10 12 296 Dobeet al, 1985 DF-LMR (b)

(10.5+4.7)x 1071 296

(8.6+2.0)x107*? 298 Payneet al, 1988 DF-MS (c)

{2.5x10° T 10 370-684 Grotheeet al, 1988 DF-MS (d)

+4.0x 10710 exp(—25251T)}

5.6x 10 ° exp(—17001) 215-250 Nesbitt, Payne, and Stief, 1988 DF-MS (e)

(8.61+1.14)x 10" 12 300

(8.8+0.2)x107*? 298 Pagsbergt al, 1989 PR-AS (f)

(1.17+0.12)x 10 11 296 Miyoshiet al, 1990 PLP-MS(g)
Reviews and Evaluations

9.1x 10 12 250-300 NASA, 199% (h)

9.4x 10 12 298 IUPAC, 1997 (i)

Comments Comments on Preferred Values
The rate coefficient at 298 K is now well established for

(8@ CH,OH was generated from €ICH;OH at total pres-

(b)

(©

(d)
(e)
()

sures of 0.4-1.2 mbai0.3-0.9 Tor). k was derived
from the rate of disappearance of gbH in excess @
by MS.

CH,OH was generated from+CH;OH at total pres-
sures of 0.69—-6.5 mb#0.52—-4.9 Tory. Two values of

k were derived from the rate of disappearance of !

CH,OH and of the appearance of H(both monitored
by LMR spectroscopy.

CH,OH was generated from €ICH;OH at total pres-
sures of~1.3 mbar(~1 Torr). k was derived from the
rate of disappearance of GBIH in excess @by MS.
As for comment(a) at pressures of-1.1 mbar(~0.8
Torr).

As for comment(c) at pressures of-1.3 mbar(~1
Torr).

CH,OH was generated from+CH3;OH at total pres-
sures of 1 baf760 Torp. k was derived from the rate
of disappearance of GIH in excess of @by absorp-
tion at 285.5 nm.

Pulsed laser photolysis of GBOCH,OH, with the de-
cay of CHOH being monitored by photoionization
MS, at total pressures of 1.7—7.3 mi§ar3—5.5 Tory.
Based on the data of Grotheet al,! Dobe et al.?
Payneet al,® Grotheeret al,* and Nesbittet al>

See Comments on Preferred Values, but vidjhg in-
cluding the extrapolated data of Grothestral*

Preferred Values

k=9.6x 1012 cm® molecule *s™1 at 298 K.

Reliability
A logk=%0.12 at 298 K.

this reaction, and our recommendation is the average of the
results of Grotheeet al,! Dobeet al, Payneet al.* Nesbitt
et al.® Pagsberget al,® and Miyoshiet al” The earlier data
of Wanget al® and Radforcet al!! are rejected on the basis
that they involved high concentrations of radicals, leading to
echanistic complications. The two studie’® of the tem-
perature dependence of this reaction indicate that the rate
coefficient follows a complicated non-Arrhenius behavior
over the range 200-700 K. The existing data are difficult to
explain and more work is needed to confirm the observed
temperature dependence of this reaction before a recommen-
dation can be made.

Grotheeret al* have carried out experiments replacing
CH3;OH by CH,OD and have observed no kinetic isotope
effect for the CHOH/CH,OD+ O, reactions.

References
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SW. A. Payne, J. Brunning, M. B. Mitchell, and L. J. Stief, Int. J. Chem.
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CH5CHOH + O, — CH5CHO + HO,

AH°=—87.6 kimol™*

Rate coefficient data

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

{1.4x10° 87712 300-682 Grotheeet al, 1988 DF-MS (a)

+8.0X 10710 exp(—25251T)}

1.56x 10" * 300

(1.3+0.2)x10™ 11 300 Anastaset al, 198F PR-AS (b)

(2.8+0.2)x107 ¢ 293 Miyoshi, Matsui, and Washida, 1989 PLP-MS(c)
Reviews and Evaluations

1.9x10 % 298 IUPAC, 1997 (d)

Comments Comments on Preferred Values

(@ CH;CHOH was generated from €IC,HsOH in the
presence of a large excess of &t total pressures of
~1 mbar(~0.8 Torn. The rate coefficienk was de-
rived from the disappearance of GEHOH, as moni-
tored by low electron energy MS.

(b) Pulse radiolysis of Ar—Sf~HCI-CGH;OH-0O, mix-
tures at total pressures of 1 bat60 Torp and with
[SKs]>[HCI]>[C,Hs0H]>[0O,]. CH;CHOH was gen-
erated from C+C,HsOH and monitored by UV ab-
sorption at 260 nm.

(¢c) Pulsed laser photolysis of GBOCHOHCH in a large
excess of He at total pressures of 2.7-9.3 m@ai7
Torr). CH;CHOH was monitored by photoionization
MS in the presence of excess.O

(d) See Comments on Preferred Values.

Preferred Values

k=1.9x10 1 cm® molecule 1 s 1 at 298 K.

Reliability
A log k=%*0.3 at 298 K.

The preferred value ok,gg is the mean of the results of
Grotheeret al,! Anastasiet al.? and Miyoshiet al.® and is
unchanged from our previous evaluatibithe rather large
discrepancy between the data of Miyoshial 3 and the other
two studied? could be due to the different sources of gen-
eration of the CHCHOH radical. CHCHOH radical
generatioh? involving Cl attack on GHsOH may not be as
clean a source as is the photolysi§ CH;COCHOHCH,

The temperature dependence of the rate coefficient deter-
mined by Grotheert al! shows a marked non-Arrhenius
behavior, but this needs to be confirmed before a recommen-
dation can be made. Evidence for the reaction between
CH3CHOH and Q yielding CH;CHO as a major product
comes from the product study of the photooxidation of eth-
anol by Carteret al®

References
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Pitts, Jr., J. Phys. Cher83, 2305(1979.

CH,CH,OH + O, — products

Rate coefficient data

k/cm® moleculet 72 Temp./K Reference Technique/Comments

Absolute Rate Coefficients

(3.0£0.4)x 10712 293 Miyoshi, Matsui, and Washida, 1989 PLP-Ni$

Reviews and Evaluations

3.0x10 12 298 IUPAC, 1997 (b)
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Comments —C,H0,+M and CHCO+0,+M—CH,CO;+M (this
(@ Pulsed laser photolysis of CIGBH,OH and evaluation, the rate coefficient for this reaction is expected

BrCH,CH,OH in a large excess of He at total pressuresto be close to the high-pressure limit under the experimental

of 2.7-9.3 mbar2—7 Tor). CH,CH,OH radicals were conditions employed. The UV absorption spectrum of the
monitored by photoionization MS in the presence of HOCH,CH;0O; radical has been observetby pulse radioly-

excess Q sis of SE—H,0O mixtures and pulsed laser photolysis of
(b) See Comments on Preferred Values.

H,O, in the presence of £i, and Q.* These observations
indicate that the reaction between &HH,OH radicals and
O, leads predominantly to the adduct peroxy radical. The
preferred value is identical to that in our previous evaluation,

k=3.0x10 2 cm® molecule 1 s* at 298 K. IUPAC, 1997

Preferred Values

Reliability e
A logk=+0.3 at 298 K. eferences

1A, Miyoshi, H. Matsui, and N. Washida, Chem. Phys. Leit60, 291
Comments on Preferred Values (1989.
The direct measurementsf this rate coefficient, from the lePAC, Supplement V, 1997see references in Introductipn
pulsed laser photolysis of either CIGEH,OH or Sg, ﬁr}%sff‘fgg'f)‘ J. Muir, V. J. Simpson, and P. Pagsberg, J. Phys. Chem.
BrCH,CH,OH as the radical source, showed a good level of«1 p murrells, M. E. Jenkin, S. J. Shalliker, and G. D. Hayman, J. Chem.

consistency. By analogy with the reactiongHg+O,+M Soc. Faraday Tran§7, 2351(1990.

CH30 + O, — HCHO + HO,

AH°=-111.2 kmol™*

Rate coefficient data

k/cm® moleculet 572 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.05x 10~ 3 exp(—13101T) 413-608 Gutman, Sanders, and Butler, 1982 PLP-LIF (a)
1.3x10°1° 298
5.5x10™1* exp(—10007T) 298-450 Lorenzt al, 1985 PLP-LIF (b)
1.9x10°1° 298
2.3x10714(10007) ~ %5 exp(2768T) 298-973 Wantuclet al,, 1987 PLP-LIF (¢)
2.1x10° 1 298
Reviews and Evaluations
6.7X 10 4 exp(—1070T) 300-1000 Baulcfet al, 1992 (d)
3.9 10 * exp(—900/T) 298-608 NASA, 1997 (e
7.2X10"1* exp(—10807T) 290-610 IUPAC, 1997 (f)
Comments cients combined with the data of Gutmanal! and

Lorenzet al? were found to obey a double exponential
expression, withk={1.5x10"1° exp(—6028T) + 3.6
X 107 1% exp(—880/M)} cm® molecule ts™%.

(d) Obtained by a least-squares fit to the data of Gutman
et all and Lorenzet al?

(e) Based on the data of Gutmat al! and Lorenzet al?

a(P See Comments on Preferred Values.

(@ CH;O generated from pulsed laser photolysis of
CH3ONO at 266 nm[ CH;0] was monitored by LIF at
a total pressure of 53 mb&40 Torr).

(b) Pulsed laser photolysis of GBNO with monitoring of
CH;O by LIF, at pressures of 100 mbé&r5 Torn of
He. At 298 K the rate coefficient was shown to be
independent of pressure over the range 10—-200 mb
(7.5-150 Tory of He.

(c) Pulsed laser photolysis of GBH or CH;ONO at 193
nm in the presence of {plus 33 mbair25 Torn of Ar.
CH,0 radicals were monitored by LIF. Non-Arrhenius  k=1.9x10 *° cm® molecule 1 s™* at 298 K.
behavior was observed over entire temperature range k=7.2x 10" 4 exp(—1080T) cm® molecule*s™*  over
and fitted by the cited empirical equation. Rate coeffi-the temperature range 290-610 K.

Preferred Values
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286 ATKINSON ET AL.

Reliability A factor for a simple H-atom transfer reaction and the pos-
A logk=+0.2 at 298 K. sibility of a more complicated mechanism have both been
A(E/R)=*+300 K. noted?®

Comments on Preferred Values
The direct measurements of the rate coefficients by Lorenz References
et al? (298-450 K and Wantuclet al® (298-973 K are in
good agreement with the similar measurements of GutmariD- Gutman, N. Sanders, and J. E. Butler, J. Phys. CI2&n66 (1982.
et a|1 (413—608 K) where the temperature ranges overlap K. Lorenz, D. Rhaa, R. Zellner, and B. Fritz, Ber. Bunsenges. Phys.
: ’ ; " Chem.89, 341(1985.
The prgferred values are derived from a least-mean-squaresg ;. Wantuck, R. C. Oldenborg, S. L. Baughcum, and K. R. Winn, J.
analysis of these three sets of dafsover the temperature  Phys. Chem91, 4653(1987.
range 298-608 K, and are unchanged from our previous“D. L. Baulch, C. J. Cobos, R. A. Cox, C. Esser, P. Franck, Th. Just, J. A.
evaluatior® The higher temperature measurements of Wan- gee;r'DMe{t;.ﬂP "l{?i"(fggg“' R. W. Walker, and J. Wamatz, J. Phys. Chem.
tuck et al® give a clear indication of non-Arrhenius behavior syasa Evaluation No, 12, 1997see references in Introduction
over the extended temperature range. The anomalously [oWIUPAC, Supplement V, 1997see references in Introduction

C2H50 + 02 b CH3CHO + H02

AH°=135.7 kmol™*

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
8.0x10 1° 296 Gutman, Sanders, and Butler, 1982 PLP-LIF (a)
9.8x10°%° 353
7.1X10" 1% exd (—552+ 64)/T] 295-411 Hartmanet al, 199G PLP-LIF (b)
(1.08+0.20)x 10”14 295
Reviews and Evaluations
1.0x 107 exp(—8301T) 300-1000 Baulclet al, 1992 (c)
6.3X 10" 14 exp(—550/T) 295-411 NASA, 1997 (d)
6.0X 10" 1* exp(—550/T) 295-425 IUPAC, 1997 (e
Comments k=6.0x 10 1* exp(—550/T) cm® molecule * s™* over the

(@ Pulsed laser photolysis of,8;0NO at 266 nm, with ~€mperature range 290-420 K.

C,H:0 radicals being monitored by LIF at a total pres-
sure of 53 mbar40 Torn. Reliability
(b) Pulsed laser photolysis of ,HsONO at 266 nm in A logk=+0.2 at 298 K.
C,HsONO—-0O,—He mixtures, with LIF monitoring of A(E/R)=+300 K.
C,Hs0 radicals in the wavelength range 310-330 nm.
(Sztgd_ll_ifowere carried out at a total pressure of 35 mba&omments on Preferred Values
(c) Based on the mean values kjgg of Gutmanet al?
and Zabarnick and Heickléhassuming that theA
factor is the same as that of the reaction

The preferred 298 K rate coefficient and the temperature
dependence are obtained from the mean of the room-
temperature rate coefficients of Gutmanal! (296 K) and
of Hartmannet al? (295 K) and by taking the rounded-off

CHzO+0,—HCHO+HO,. 5 -
(d) Based on the studies of Gutmahal® and Hartmann value of E/R of Hartmannet al? The rate coefficients of
ot al2 Gutmanet al! and of Hartmanret al? differ by 30%—-50%

(e See Comments on Preferred Values. which, although within the range of the individual error lim-
its, is somewhat higher than might be expected from two
direct studies. The relative rate measurements of Zabarnick
and Heicklefi yield a value ofk,gg Which is consistent with

the preferred value within the recommended error limits.
k=9.5x10"1® cm® molecule * st at 298 K. It should be noted that tha factor for the above reaction

Preferred Values
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is very low, but in keeping with that for the analogous reac- 2D. Hartmann, J. Karthser, J. P. Sawerysyn, and R. Zellner, Ber. Bun-
tion CH;0+0,—HCHO+HO,. The preferred values are senges. Phys. Cher@d4, 639 (1990.
identical to those in our previous evaluation, IUPAC, 1§97. °D. L. Baulch, C. J. Cobos, R. A. Cox, C. Esser, P. Franck, Th. Just, J. A.

Kerr, M. J. Pilling, J. Troe, R. W. Walker, and J. Warnatz, J. Phys. Chem.
Ref. Data21, 411(1992.

References 4“NASA Evaluation No. 12, 1997see references in Introduction
SIUPAC, Supplement V, 1997see references in Introduction
1D. Gutman, N. Sanders, and J. E. Butler, J. Phys. CI88n66 (1982. 63. Zabarnick and J. Heicklen, Int. J. Chem. Kinkt, 455 (1985.
1'C3H7O + 02 — C2H5CHO + HOz
AH°=-131.4 kJmol !
Rate coefficient data
k/cm® moleculet st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.4x 10 ¥ exd —(108+61)/T] 223-303 Mund, Fockenberg, and Zellner, 1998 PLP-LIF (a)
9.8x10°1° 298
Relative Rate Coefficients
2.8x10 3 exd — (879 117)/T] 247-393 Zabarnick and Heicklen, 1985 RR (b)
1.5x10 1 298

Reviews and Evaluations

8x10 1 298 IUPAC, 1997 (0)
Comments k=1.4x10 * exp(—110/T) cm®molecule * s~* over the

(@ The temperature range covered and the 298 K rate cg€MPerature range 220-310 K.
efficient were obtained from graphical presentation.

(b) Photolysis at 366 nm af-C;H,ONO in a static system Reliability
in the presence of NO, Oand N at total pressures of A logk=%0.2 at 298 K.
>200 mbar(>150 Torp. Rate data were based on the A(E/R)=*500 K.
measured quantum yields of,ldsCHO product. The
rate coefficient k was measured relative 10 comments on Preferred Values
n-CzH70+NO—products 7;’V'th k(n-CgH;0+0,)/ The preferred values are based on the sole absolute rate
k(n-C3H70+NO)=6.8x10"~ exp(~879M), and is  gy,qy of Mundet al® The 298 K preferred rate coefficient is
placed on an ??folute basis Ply use kgh-CsH;0  gssentially identical to that of the analogous reaction of the
+NO)=4.1x10 _Cmg molecule “ s, independent ¢ 4.0 radical with Q (see data sheet, this evaluatiofihe
of temperature. This latter value is based on the mearyie coefficients derived from the relative rate study of Za-
sured data for the reactions-CsH;0+NO+M  parick and Heicklehare in significant disagreement with
—i-CsH,ONO+M and i-CsH,0+NO—(CHz),CO  the absolute rate data.
+HNO (this evaluation

(c) Based on measured rate coefficients for the analogous
reactions of GH;O and 2-GH-0O radicals with Q. References

1Ch. Mund, Ch. Fockenberg, and R. Zellner, Ber. Bunsenges. Phys. Chem.
Preferred Values 102 709 (1998.
2S. zabarnick and J. Heicklen, Int. J. Chem. Kirtf, 477 (1985.
k=9.7x10"1° cm® molecule * s at 298 K. 3IUPAC, Supplement V, 1997see references in Introductipn
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288 ATKINSON ET AL.

2'C3H7O + 02 b CH3COCH3 + H02

AH°=—150.3 kdmol™*

Rate coefficient data

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

1.51x 10~ ** exff — (200 140/T) | 294-384 Balla, Nelson, and McDonald, 1985 PLP-LIF (a)

7.72x10°% 298

1.0x 10" exd —(217+49)/T] 218-313 Mund, Fockenberg, and Zellner, 1998 PLP-LIF (b)

6.5x1071° 298
Reviews and Evaluations

1.5x 10" 1* exp(—200/T) 290-390 IUPAC, 1997 (0

Comments A(E/R)=*=200 K.

(@ Pulsed laser photolysis of 2-propyl nitrite at 355 nm,
with LIF detection of 2-GH-O radicals. The pressure Comments on Preferred Values

range was 1.3—67 mbat—50 Tory. The results of Balleet al* and Mundet al? are in good

(b) The 298 K rate coefficient was obtained from the agreement. The preferred values are based on an average of
graphical presentation. the 298 K rate coefficients and the valuesedR, with the

(c) Based on the study of Ballet al’ pre-exponential factor being calculated to fit the room tem-

perature rate coefficient.
Preferred Values

k=7.2x10"1% cm® molecule * s71 at 298 K. References
k=1.4x10 * exp(—210/T) cm® molecule * s™* over the
temperature range 210-390 K. IR. J. Balla, H. H. Nelson, and J. R. McDonald, Chem. Plgg.323
(19895.
R 2Ch. Mund, Ch. Fockenberg, and R. Zellner, Ber. Bunsenges. Phys. Chem.
Rellablllty 102, 709(19989.
A logk=%0.2 at 298 K. 3|UPAC, Supplement V, 1997see references in Introductipon

CH3CH2CH2CH20 + 02 — CH3CH2CH2CHO + H02
AH°=—-127.4 kJmol*

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

7.7x10 1 298 Hoffmann, Mos, and Zellner, 1992Zellner, 1994 PLP-LIF (a)
Relative Rate Coefficients

6.8xX107 1% exd —(1178+176)/T] 265-393 Morabito and Heicklen, 1987 RR (b)

1.3x10™ 1 298
Reviews and Evaluations

9.5x1071° 298 Atkinson, 1997 (c)

Comments monitoring of OH radicals was carried out by cw—laser

absorption, and of NOQby LIF. The rate coefficient
was derived from a computer simulation of OH radical
and NG temporal profiles.

(@ Pulsed laser photolysis of Llin the presence of
n-C,H;;—0,—NO mixtures in a flow system at total
pressures of 13—67 mbé&t0—-50 Torj. Time-resolved
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(b) Photolysis of 1-butyl nitrite at 366 nm in the presence A(E/R)=+500 K.
of NO and Q. Rate data were derived from the quan-
tum yields of product formation, and a rate coefficient
ratio of k(1-C,HgO+0,)/k(1-CHgsO+NO)=1.67
X102 ex —(1178+ 176)/T| was obtained. This rate
coefficient ratio is placed on an absolute basis using
rate coefficient ok(1-C,HsO+NO)=4.1x10 * cm®
molecule * s, independent of temperatutsee data
sheet for 2-GH,O+NO, this evaluation

Estimate based on data for,lzO reaction with Q
assuming that  k(RCH,0+0,)=6.0x10 4

X exp(—550/) cm® molecule*s™ for all RCH,O
radicals.

Comments on Preferred Values

We have accepted the recommendation of Atkifision
the preferred values, which was an estimate based on abso-
fute rate data for the analogous reaction of th&l$O radi-
cal. While this recommendation is supported by the indirect
studies of Zellnef it is desirable that direct measurements of
the rate coefficients of this reaction are carried out. As for the
1-C;H,O+ 0, reaction, the relative rate data of Morabito and
Heickler® are in significant disagreement with the absolute
rate datd:?

(©

Preferred Values References

k=9.5x10 *® cm® molecule 1 s! at 298 K.
k=6.0x 10" 1% exp(—550/T) cm’molecule * s ! over the
temperature range 290-400 K.

LA. Hoffmann, V. Mas, and R. Zellner, Ber. Bunsenges. Phys. Cheén.
437(1992.

2R. Zellner, data cited in Table 12, p. 60, of EUROTRAC Annual Report
1993, Part 8, LACTOZ, International Scientific Secretariat Fraunhofer In-
stitute (IFU), Garmisch-Partenkirchen, Germany, July, 1994.

3P. Morabito and J. Heicklen, Bull. Chem. Soc. Jp8, 2641(1987).

4R. Atkinson, Int. J. Chem. KineR9, 99 (1997).

Reliability
A logk=+0.3 at 298 K.

CH3CH2CH2CH20 +M—- CH2CH2CH2CH20H +M

Rate coefficient data

k/s™t Temp./K Reference Technigue/Comments
Relative Rate Coefficients
1.6x10° 303 Carteret al, 1979 S-GC(a)
(1.4+0.5)X 10° 296 Cox, Patrick, and Chant, 1981 S-GC(b)
(1.8+0.2)x10° 298 Niki et al, 198% S-FTIR ()
Reviews and Evaluations
2.4x 10" exp(—41701) Atkinson, 1997 (d)

of n-C4H;p as a function of[O,]. Above value of

k was calculated by using a rate coefficient of

k=9.5x10 ® cm 3 molecule 1 s7* for the reference

reaction, 1-GHgO+0,—C3H,CHO+HO, at 298 K

(this evaluation

(c) Photolysis of 1-GH,ONO-air mixtures at 930 mbar
(700 Torp pressure in an FTIR cellk/k(1-C,HgO

Comments

(@ Smog chamber photolyses ofC,H;,—NO,—air mix-

tures at 1 bar pressure. End-product analyses of
CsH,CHO by GC. k/k(1-CHyO+0,)=1.6x10°
molecule cm? obtained from yields of gH,CHO and

the rate of disappearance mfC,H;,. The above value

(b)

of k is calculated by using a rate coefficient of
k=9.5x10"1® cm® molecule *s™* for the reference
reaction 1-GHyO+0O,—C3H,CHO+HO, at 298 K
(this evaluation

Smog chamber photolysis oh-C4H;;—HONO-air
mixtures at 1 bar(760 Torp pressure. End-product
analysis of GH,CHO by GC. k/k(1-C4HqO+0Oy)
=(1.5+0.5)x 10*° molecule cm?® was derived from
the yields of GH,CHO and the rate of disappearance

(d)

+0,) =(1.9+0.2)x 10" molecule cm?® was derived
from yields of GH,CHO and the rate of disappearance
of 1-C4Hy,ONO. Above value ok calculated using a
rate coefficient ofk=9.5x 10" cm® molecule ' s !

for the reference reaction, 1;8,0+0,—CsH,CHO
+HO,, at 298 K(this evaluation

Derived from the rounded-off mean experimental
value =3 of k~2x10° s™* at 298 K and a transition-
state-theory estimatef A=2.4x 10! s,

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999
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Preferred Values The preferred value oE/R=4240 K follows from the
preferred values df,qg and theA factor. Large uncertainties
have been assigned to these preferred values and direct mea-
surements of the rate coefficient and its temperature coeffi-
cient are needed.

This procedure for obtaining the preferred rate parameters
follows the pattern of Atkinsof.

k=1.6x10° s ! at 298 K and 1 bar pressure.
k=2.4x 10" exp(—4240T) s™* over the temperature
range 295-400 K and 1 bar pressure.

Reliability
A log==0.5 at 298 K.
A(E/R)= #1000 K.

Comments on Preferred Values
The preferred rate coefficient at room temperature is the References
mean from the studies of Cartet al,* Cox et al,? and Niki
et al® The preferredA factor is an estimate of Baldwin
et al” from transition-state theory on the basis of a mecha-1,, p | Carter, A. C. Lioyd, J. L. Sprung, and J. N. Pitts, Jr., Int. J,

nism involving a 1,5-H-atom shift: Chem. Kinet.11, 45 (1979.
2R. A. Cox, K. F. Patrick, and S. A. Chant, Environ. Sci. Techi#l.587
H, (1982).
HC '-O SH. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, J. Phys.

‘ Chem.85, 2698(1981).
4R. Atkinson, Int. J. Chem. KineR9, 99 (1997).
HZC\ /CHZ SA. C. Baldwin, J. R. Barker, D. M. Golden, and D. G. Hendry, J. Phys.
C Chem.81, 2483(1977).
H

2

R,(R,)CHO + O, — R,COR, + HO, or — products (1)

R;(R,)CHO+M—-R;,CHO+R,+M (R=H, alkyl or substituted alkyl ) (2)

Rate coefficient data

ky-ky Y
Reactions cn® molecule * Temp./K Reference Technigue/Comments
CH;OCH,0+0,— CH;O0CHO+HO, (1) ki[O,]~k, (1 bar, aiy 295 Jenkiret al, 1993 RR (a)
CH3;0CH,0+M— CH;OCHO+H+M ")
CH;COCH,0+0,— CH;O0CHO+HO, (1) ki[O,]<k, (1 bar, ai) 298 Jenkiret al, 1993 RR (b)
CH;COCH,0+M— CH,CO+HCHO+M ) k,[ O,]<k, (1 bar, ail 298 Bridieret al, 1993 RR (c)
Comments (c) Flash photolysis of G-CH;COCH;—air mixtures at 1

bar pressure with UV absorption monitoring of
CH;COCH,0, radicals. Data indicate that reacti¢?)
predominated over reactiqd) under the conditions of
the experiments.

(@) Steady-state photolyses of EICH;0CH;—0,—N,
mixtures at pressures of 13—1000 mibad—760 Tory
with long-path FTIR analyses, and molecular modula-
tion studies of similar reactant mixtures with UV ab-
sorption monitoring of CHOCH,0, radicals. In both

systems, kinetic treatments indicate that reactiti)s Preferred Values
and (2) were competing under the conditions of the
experiments. No quantitative recommendations.

(b) Steady-state photolyses of GICH;COCH;—0O,—N,
mixtures at 930 mbaf700 Torp with long-path FTIR  Comments on Preferred Values
and long-path UV visible diode array spectroscopy Although the results listed above for the reactions of the
analyses of products. Data indicate that reactidh CH;OCH,O and CHCOCH,O radicals are not quantitative,
predominated over reactiqit) under the conditions of for the purposes of atmospheric modeling studies it is rec-
the experiments. ommended that the above qualitative information on the ra-
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tios k; /k, be used to decide if one or the other of the alkoxy 2M. E. Jenkin, R. A. Cox, M. Emrich, and G. K. Moortgat, J. Chem. Soc.

radical reaction pathways predominates, or if both pathways Faraday Trans89, 2983(1993.
should be considered. 3|. Bridier, B. Veyret, R. Lesclaux, and M. E. Jenkin, J. Chem. Soc. Fara-

day Trans.89, 2993(1993.
References

IM. E. Jenkin, G. D. Hayman, T. J. Wallington, M. D. Hurley, J. C. Ball,
0. J. Nielsen, and T. Ellermann, J. Phys. Ché&m.11712(1993.

CH3CH(O)CH,CHs + M— CHsCHO + CoHs + M (1)
— CHg 4+ C,HsCHO+ M (2)

AH°(1)=24.6 kmol !
AH°(2)=28.5 kmol !

Rate coefficient data

kis™t Temp./K Reference Technique/Comments
Relative Rate Coefficients

k,=6.3x 10" exp(— 77001 440-471 Batt and McCulloch, 1976 S-GC(a)

k,=3.8x1C° 298

k,=2.5x10* 303 Carteret al, 197F S-GC(b)

k,=2.1x10* 296 Cox, Patrick, and Chant, 1981 S-GC(c)

k,=6.3x 10" exp(—7600IT) 363-503 Heiset al, 1991 F-TLC/

k,=5.3x107 298 HPLC (d)
Branching Ratios

k; /k,=0.59 exp(1350V) 399-493 Drew, Kerr, and Olive, 1985 S-GC(e)

k, /k,=55 298
Reviews and Evaluations

k,=2x 10" exp(—72001) 440-471 Atkinson, 1997 ()

Comments end-product analyses. Rate data derived from a

computer simulation of vyields of C&HO
and CHCOGCHs; and assuming that k=2.6
X 10 1% exp(—100T) cm® molecule*s™* for the
competing reaction  2-f£1,0+0,—CH;COGH;5
+HO.,.

(@ Pyrolysis of 2-butyl nitrite in the presence of NO at
pressures of-1 bar (~760 Torp in a static system.
End-product analysis of C}€HO by GC. Results were
derived relative to the reaction 248,0+NO

R i _ —11
—2-CHeONO for which a value ofk=4.2x<10 (e) Static thermal generation of radicals from

e Tolecule*ls*l was taken, independent of tem- F-+2-C,H;0H with end-product analyses of GEHO

b gera “reﬁ ber Dhotolveis of.C.H.NO_air mi and GHsCHO by GC.

(b) tur;?:sg ;t a? t?a:rpp?e(;;/jlrse -En‘:j é‘;; dL%_ZII:arE/DS(i-S ng) Evaluation of reactions of RO radicals. The data of

: § ) Batt and McCulloch for k; were recalculated on the

CH,CHO and - CHCOGHs by GC yielded basis of k,(RO+NO)=2.3x 10~ exp(150T) cn?
ky /k(2-C;HgO+0,) = 3.15x 10'® molecule cm”. TJ}‘;;‘ molecule st  for the reference  reaction
above vaIue_?ﬂ<Elwas obtained taking=8x 10 . 2-CHgO+NO—2-C,HyONO and by assuming that for
cn® molecule * s for the reference reaction all RO decomposition reactiond\=2x 10d st
2-C4HgO+0,—CH,COGH;+HO, (see Ref. ﬁ whered is the reaction path degeneracy.

(c) Similar experiments as in commert) with n-
C4H,p—HONO-air mixtures vyieldingk, /k(2-C4HgO
+0,) =(2.60+0.35)Xx 10'® molecule cm?. The above
value of k; was obtained takingk=8x10 °cm®
molecule's™ for the reference reaction k;=2.2x10* s !at 298 K and 1 bar pressure.
2-C4HyO+0,—CH;COCHs+HO, (see Ref. & ky=2x 10" exp(—6830M) s'! over the temperature

yrolysis of (2-GH;O), in a stream o L wit range 300— an ar pressure.

(d) Pyrolysis of (2-GH;0), i f N, with 300-500 Kand 1 b

Preferred Values
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Reliability fore a recommendation can be made. None of the other
A logk;=*+0.3 at 298 K. studie$™2 of the decomposition of the 2,840 radicals has
A(E;/R)==500 K. reported GH;CHO as a product of the decomposition reac-

tion, and it is possible that the radical generation system of

Comments on Preferred Values Drew et al®> was more complicated than they suggested.

The preferred 298 K value is based on the measured ratios
of k/k(2-butoxy+0,) of Carteret al? and Coxet al,* using
a rate coefficient of k(2-butoxy+0O,)=8x10 1 cm? References
molecule s to place the rate coefficient ratio on an abso-
lute basis. The.temperature depencien(ie i§ derived assuminl% Batt and R. D. McCuloch, Int. J. Chem. Kindt, 911 (1976
a pre-exponentlal factor ok=2x10""s * with E/R calcu- 2W. P. L. Cart.er,-A. C. Lon(,J, J.I L: Spruné, and' J. N. Pitts., Jr., Int. J.
lated to fit the 298 K value of;. The effect of pressure on  cpem. Kinet.11, 45 (1979.
the value ofk; has not been reported, but it is to be expected3Rr. A. Cox, K. F. Patrick, and S. A. Chant, Environ. Sci. Techi&).587

that at 1 bar pressure the value kof is close to the high- ~ (1982.
. 4A. Heiss, J. Tardieu De Maleissye, V. Viossat, K. A. Sahetchian, and I. G.
pressure limit. ) :
. . Pitts, Int. J. Chem. Kine®23, 607 (1991.
Although the branching ratiokg /k;) reported by Drew  sg . prew, J. A. Kerr, and J. Olive, Int. J. Chem. Kingg, 167 (1985.

et al® seems reasonable, it requires further confirmation be®R. Atkinson, Int. J. Chem. Kine9, 99 (1997.

CH; + O3 — products

Rate coefficient data

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

5.1x 10712 exd —(210+ 84)/T] 243-384 Ogryzlo, Paltenghi, and Bayes 1991; FP-MS (a)

(2.53+0.54)x 10712 298 Paltenghi, Ogryzlo, and Bayes, 1884
Reviews and Evaluations

5.4 10712 exp(—220/T) 240-390 NASA, 199% (b)

5.1X 10712 exp(—210/T) 240-400 IUPAC, 1997 (c)

Comments Reliability

A logk=+0.3 at 298 K.

(@ Flash photolysis of CENO, at 193 nm in a flow sys- A(E/R) = =200 K.

tem with He carrier gas at pressures-a?.7 mbar(~2
Torr). [CH3] was monitored by photoionization MS
under pseudofirst-order conditions; no product analyComments on Preferred Values

ses. The original datavere reviseion the basis of a The preferred values are based on the revised calculations
correction for the pressure drop along the flow tubeby Paltenghiet al? of the earlier data of Ogryzlet al,* and

between the reaction vessel and the manometer. are identical to those in our previous evaluation, IUPAC,
4
(b) Based on data of Paltengét al? 1997.
(c) See Comments on Preferred Values.
References
Preferred Values 1E. A. Ogryzlo, R. Paltenghi, and K. D. Bayes, Int. J. Chem. Kih8}.667
(1982).
k=2.5x%10"12 cm® molecule 1 s~ 1 at 298 K 2R. Paltenghi, E. A. Ogryzlo, and K. D. Bayes, J. Phys. Chg8&).2595
_c —12 Sl (1984.
k=5.1x10 exp(—210/l') Cms molecule =s™~ over the 3NASA Evaluation No. 12, 1997see references in Introductipn
temperature range 240-400 K. 4IUPAC, Supplement V, 1997see references in Introduction
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CH;0 +NO+M—CH;ONO+M (1)

CH3;0 + NO —- HCHO + HNO 2)

AH°(1)=—172.7 kJmol™*
AH°(2)=-103.1 kJmol™*

Low-pressure rate coefficients

Rate coefficient data

Ko1/c® molecule ts71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

1.35x 107 2% (T/298) 38 [Ar] 296-573 Frost and Smith, 1990 PLF-LIF (a)

1.8x 10 2° (T/300) 32 [Ar] 220-473 McCaulleet al, 199G DF-LIF (b)
Reviews and Evaluations

1.4x 1072 (T/300) 8 [air] 200-300 NASA, 199¥ (c)

1.6 1072° (T/300) 2% [air] 200-400 IUPAC, 1997 (d)

Comments Preferred Values

(8) Rate coefficients were measured up to 165 mbar of Ar . =1 6x1072%T/300 % [N,] cm® molecule * s over

(b)

(©
(d)

or CF, diluent. Evaluation of the chemical activation the temperature range 200-400 K.

system CHO+ NO—>CH3ONO*, CH3ONO* +M k02= 4% 10™ 12(T/300)—O.7 Cm3 molecule st over the
—)CH3ONO+M, and Cl‘bONO*—)HCHO'FHNO temperature range 200—400 K.

were carried out using an extended Lindemann-—

Hinshelwood mechanism. At low pressures the dispro-

portionation reaction ClD+NO—HCHO+HNO  Reliability

dominates  Kg,=5.0x 10 %(T/298) %6 cm?® mole- A logky=+0.1 at 298 K.

cule ts™1). Assuming that reactionél) and (2) in- An=x0.5.

volve the same intermediate compléx,is expected to

decrease with increasing pressure following the relaComments on Preferred Values

tionship k= KozK1 /Ko - The preferred rate coefficient values are based on the data
Measurements were made over the pressure rang§ Frost and Smithand McCaulleyet al? and are identical
1-6.6 mbar in He or Ar. The disproportionation réac-q those in our previous evaluation, IUPAC, 198The re-
tion CH;O+NO—HCHO+HNO waalgneasured by cently reportedk, values of Ohmoret al®for M=N, at 296
molecular beam MS K;=1.3X10 " exp(250T) 4re a factor of 3.7 lower than previously recommended.

cm® molecule *s™). . : .
; The cause of this difference is not clear but it may be due to
Based on the results of Frost and Srhitbr M=Ar. a different separation df, andk,.

See Comments on Preferred Values.
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High-pressure rate coefficients

Rate coefficient data

k.1 /cnt molecule ! s™? Temp./K Reference Technique/Comments
Absolute Rate Coefficients
2.1x 107 440-473 Batt, Milne, and McCulloch, 1977 @
(2.08+0.12)x 10" % 298 Sanderst al, 1980 (b)
1.4x10° 1 298 Zellner, 198% PLP-AS (c)
3.6x107 11 (T/298) %6 296-573 Frost and Smith, 1990 PLF-LIF (d)
(2.45+0.31)x 10" * 300 Ddeet al, 1994 DF-LIF (e)
Reviews and Evaluations
3.6x107* (T/300) %6 200-300 NASA, 199¥ (f)
3.6x 10 '* (T/300) %6 200-400 IUPAC, 1997 (9)
Comments Reliability
i, o Alo ==+0.5 at 298 K.
(@ Thermal decomposition of methyl nitrite in the pres- An—gfo(c)ls

(b)

(©

(d)
(e)

()
(¢))

ence of NO andCHj3);CH. Combination of these data
with the equilibrium constant gives the value indicated.
For the second channelk(CH;0+NO—CH,0 Comments on Preferred Values
+HNO)/K..(CHz0+NO—CH;ONO)=0.17 was esti- The recommended value is from Ref. 1. Because this has
mated. been evaluated witlr =1, an increase ok..; is expected
Photolysis of methyl nitrite at 266 nm with GB de-  when an analysis with a smaller, more realistic valu€ ofs
tection by LIF at He pressure of 13—66 mbar. HNO asdone. The preferred values are identical with our previous
a reaction product was also detected by LIF; however’evamation, IUPAC, 19947and are consistent with the results

no absolute estimate of its yield could be made. of Ohmoriet al® and the more recent results of Beet al®
Falloff curve was measured over the range 5-5001he decrease df, with increasing pressure is represented in
mbar. Extrapolations carried out usifig=0.6. the formk; =Kok, /Koy, following the assumption of a com-
See commenta) for k. mon intermediate of reactiond) and(2) from Ref. 1. Ac-

CH,0 radicals and HCHO from reactiof®) detected ~cordingly, the given value ok, at 1 bar was estimated.
by LIF. The branching ratio for HCHO formation var- Batt" cites a rate coefficient ratio df,/k;<0.05 from a
ied between 0.84 and 0.26 over the pressure ranggtudy at 433—-473 K, consistent with our preferred values.
1-11 mbar.

See commentc) for kg .
See Comments on Preferred Values. M. J. Frost and I. W. M. Smith, J. Chem. Soc. Faraday Tr&6s1757
(1990.

2J. A. McCaulley, A. M. Moyle, M. F. Golde, S. M. Anderson, and F.
Kaufman, J. Chem. Soc. Faraday Tra86,. 4001(1990.

3NASA Evaluation No. 12, 1997see references in Introductipn

4IUPAC, Supplement V, 1997see references in Introduction

5K. Ohmori, K. Yamasaki, and H. Matsui, Bull. Chem. Soc. JB8, 51
(1993.

6L. Batt, R. T. Milne, and R. D. McCulloch, Int. J. Chem. Kin&. 567

References

Preferred Values

k;=2.6x10""* cm®molecule ' s™*at 298 K and 1 bar of (1977

ailr.

’N. Sanders, J. E. Butler, L. R. Pasternack, and J. R. McDonald, Chem.

k,=2.7x10 ¥ cm® molecule ' st at 298 K and 1 bar of ~_Phys.48, 203(1980.

ailr.

8R. Zellner, J. Chim. Phys84, 403(1987.
S. Dabg G. Lendvay, |. Szilagyi, and T. Bees, Int. J. Chem. KineR6,

k..;=3.6xX 10" ™(T/300) *° cm® molecule *s™* over the g7 (1904,
temperature range 200—400 K. 101, Batt, Int. Rev. Phys. Chen6, 53 (1987.
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C,H50 + NO — CH;CHO + HNO (2)

AH°(1)=—178.5 kJmol™*
AH°(2)=—127.6 kmol™*

Low-pressure rate coefficients

Rate coefficient data

Ko1/c® molecule ts71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(2.2+1.2)X10 % [He] 298 Daée et al, 1995 (@
Reviews and Evaluations
2.8x10°27 (T/300) *°[air] 200-300 NASA, 1997 (b)
Comments Kop=1.1x10"(T/300) %7 [N,] cm® molecule * s1 over

(@ Discharge-flow technique coupled to LIF and MSthe temperature range 200-400 K.

analyses. gHsO radicals were generated by the reac-

tion of F atoms with GH:OH. Measurements were car- Reliability

ried out at 0.7, 1.3, and 2.6 mbar. The rate coefficient A 10gky;=*0.3 at 298 K.

ko; was obtained from a Lindemann—Hinshelwood A l0gky=*0.5 at 298 K.

analysis, assuming identical intermediates in reactions An==*0.5.

(1) and (2, and kg=(1.1+0.5)x10 *cm?

molecule* s was derived. Comments on Preferred Values
(b) Based on the data of Dieeet al" in He scaled to The preferred values are from Deet al,! assuming that

with an expression summing the bimolecular and terveactions(1) and(2) have a common intermediate. We also

molecular channels. The temperature dependence wagsume equal values k§; for He and N as third bodies in

estimated. contrast to the evaluation by NASAjn addition, similar
temperature coefficients dy; and ky, as for the reaction
CH;O+NO (see this evaluationare adopted. In contrast to
the simple Lindemann-Hinshelwood evaluation of Ref. 1

Ko1=2.2x10"2%(T/300) 35 [N,] cm® molecule s * over  corresponding t&.= 1, we useF .= 0.6 for a construction of

the temperature range 200—400 K. the falloff curve.

Preferred Values

High-pressure rate coefficients

Rate coefficient data

K1 /cnt moleculels™? Temp./K Reference Technique/Comments
Absolute Rate Coefficients

(4.4+0.4)x10° 11 298 Frost and Smith, 1980 PLP-LIF (a)

(3.1+0.8)x10 ¢ 298 Daée et al, 1995 (b)
Reviews and Evaluations

5.0 107 % (T/300) 1° 200-300 NASA, 1997 (c)

4.4x10™ 1 200-300 IUPAC, 1997 (d)

Comments (b) See commenta) for kg.

(c) Based on the rate data of Frost and Smiffhe tem-
perature dependence was estimated.
(d) Based on the measurements of Frost and Shifthe

(@ The rate coefficienk, is found to be the same in the
presence of 20 and 130 mbar of Ar.
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value ofk, was estimated from the preferred value of Comments on Preferred Values

k., and the ratick,/k,.;=0.3>

Preferred Values

k;=4.0x10 ** cm® molecule *s™! at 298 K and 1 bar of
air.

k,=8x10"* cm?® molecule ' st at 298 K and 1 bar of
air.

K.y =4.4x10 * cm® molecule *s™! over the tempera-
ture range 200-300 K.

Reliability
A logk,;=*+0.3 at 298 K.
An==*0.5.

i'C3H7O + NO + M — I-C3H7ONO + M

AH°(2)=—142.2 kJmol™*

The preferred values df.,; are from Ref. 3. Assuming
common intermediates for reactiof®§ and(2),® such as for
the reaction CHO+NO (see this evaluationk, is assumed
to decrease with increasing pressure following
ko=koKk;/kg;. For the falloff curve of reaction(),
F.=0.6 is chosen.

References

1V. Dade, A. Ray, I. Vassalli, G. Poulet, and G. LeBras, Int. J. Chem.
Kinet. 27, 1121(1995.

2NASA Evaluation No. 12, 1997see references in Introductipn

3M. J. Frost and I. W. M. Smith, J. Chem. Soc. Faraday Tr&6s1757
(1990.

4IUPAC, Supplement V, 1997see references in Introductipn

5G. Baker and R. Shaw, J. Chem. Soc. A, 696965.

(1)
(2)

High-pressure rate coefficients

Rate coefficient data

K1 /cm® moleculets™? Temp./K

Reference

Technique/Comments

Absolute Rate Coefficients

3.4x10 1 298 Balla, Nelson, and McDonald, 1985 PLP-LIF (@)
Reviews and Evaluations
3.4x10 1 200-300 IUPAC, 1997 (b)
k,=6.5x 10 *? 300
Comments Reliability
- Alo =+0.3 at 298 K.
(@ No pressure dependence of the rate coefficient was ob- g ket

served over the range 1.3—6 mbar. The small negative

temperature dependendek=1.2x10 ! exp(310T)
cm® molecule ! s™] observed over the range 298—-383
K may be attributed to falloff effects.

Based on the data of Balkt al! The value ofk, was
derived from the preferred.,; and the ratiok,/k;
=0.19+0.033

Preferred Values

ki~k,q, at 298 K and 1 bar of air.

Ke1=3.4x10 1 cm® molecule *s™,  independent
temperature over the range 200—-300 K.

k,=6.5x 10 *? cm® molecule 1 s1 at 298 K and 27-270
mbar pressure.

of

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999

An==0.5.
A log k,==*0.5 at 298 K.

Comments on Preferred Values

The preferred value df..; is based on the study of Balla
et all and is identical to that in our previous evaluation,
IUPAC, 19972 The value ofk, is obtained from the pre-
ferred k.., and the rate coefficient ratik, /k;=0.19+0.03
(independent of temperatyreited in Ref. 3.k, probably
decreases with increasing pressure as readfiprand (2)
involve the same intermediate.

References

'R. J. Balla, H. H. Nelson, and J. R. McDonald, Chem. Pl98.323
(1985.

2|UPAC, Supplement V, 1997see references in Introduction

L. Batt and R. T. Milne, Int. J. Chem. Kine®, 141 (1977.



AH°(1)=-171.5 kJmol™*
AH°(2)=—238.5 kJmol ™!

EVALUATED KINETIC AND PHOTOCHEMICAL DATA

CH30 + NO, — HCHO + HONO (2)

Low-pressure rate coefficients

Rate coefficient data

297

Ko1/c® molecule ts71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

2.6x1072° (T/300)"*® [He] 220-473 McCaulleet al, 1985 DF-LIF (a)

(5.2+1.9)X 10 ?° [He] 298 Frost and Smith, 1980 PLP-LIF (b)

(9.0+1.9)x 10" ® [Ar] 298

(11+3)x 10" ?°[CF] 298

(4.9+1.2)x10 ?°[Ar] 390

(5.3+0.2)X 107 ?° [He] 298 Biggset al, 1993 DF-LIF (c)
Reviews and Evaluations

1.1x 102 (T/300) 40 [air] 200-300 NASA, 1997 (d)

2.8x10 2° (T/300) *5[N,] 200-400 IUPAC, 1997 (e)

Comments (e) Based on the uncorrected results from Ref. 2.

(a

(b)

(©

(d)

CH;0O radicals were produced by IR laser dissociation
of CgFsOCH; to vyield CH; followed by
CH3+NO,—CH3;O+NO. Pressure range 0.8—5 mbar.
Direct measurements of the branching ratjdk, were
not possit_)le. A sepqration was performeq b_y assuming koy=9.0x 107 2%(T/300) 45 [N
that reaction(1) was in the low pressure limit.
Pulsed laser photolysis of GANO—-NO mixtures at
266 nm. Rate coefficients were measured over the pres- =~

sure ranges 40—130 mbar of He, 8—130 mbar of ArReliability

and 40—100 mbar of GF Falloff curves were fitted to 2 109 koy=*0.3 at 298 K.

the experimental data using the values of 0.41, 0.44, An=*1.

and 0.48 for He, Ar, and Cf-respectively. The recom-

bination reactior(1) appears to dominate over reaction Comments on Preferred Values

(2). The agreement between the studies of Refs. 2 and 3 ap-
Pressures of He varied from 1.3 to 13 mbar. Extrapopears satisfactory, in particular if the different ways of treat-
lations were performed using.=0.6; an RRKM ing the falloff curve are taken into account. We assume simi-
analysis was also done. A valikg;=5.9x 10" ?° [He] lar values ofky; for M=Ar and N,. Falloff curves are
cn® molecule * s™ was obtained. constructed withF ;= 0.44 at 300 K such as chosen in Ref. 2.
Based on the measurements of Ref. 2. The temperatuiReaction(2) appears to play only a minor role at pressures
dependence was estimated. above 10 mbar.

Preferred Values

,]cm® molecule tst
over the temperature range 200—400 K.

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999
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High-pressure rate coefficients

Rate coefficient data

k... /cn® moleculet s72 Temp./K

Reference Technigue/Comments

Absolute Rate Coefficients

(2.0+0.4)x 107! 295 Frost and Smith, 1980 LP-LIF (a)
Relative Rate Coefficients

1.5x 107! 298 Wiebeet al, 197% (b)

(1.0+0.5)x10 11 392-420 Batt and Rattray, 1979 (0

(1.4+0.1)x10° 11 298 Biggset al, 1993 DF-LIF (d)
Branching Ratios

k, /k=0.92+0.08 298 Wiebeet al, 1978 (e

k,/k;=<0.05 384-424 Batt and Rattray, 1979 )
Reviews and Evaluations

1.6x 101 (T/300)" 10 200-300 NASA, 199Y (9

2.0x10 % 200-400 IUPAC, 1997 (h)

Comments Reliability
=+
(a) See commentb) for k. Alogk..=+0.3 at 298 K.
An=+0..

(b) Steady-state photolysis of GENO in the presence of
NO-O, and NO-NQ-N, mixtures at 10-500 mbar.
Relative rate coefficients were derived
®(CH3;0NO,), with k(CH;0+NO)/k=1.3 at 298 K.

This rate coefficient ratio is placed on an absolute basisent

by use of a rate coefficient ofk(CH;O+NO

—CH;ONO)=2x10"* cm® molecule *s™! over the
range 200—400 KCODATA, 1984).

Static reaction vessel, GB formed from pyrolysis of
CH;OO0CH; in the presence of NO—NGCF, at a total

(©

from Comments on Preferred Values

The preferredk.,; value based on Ref. 2 appears consis-
with  the values for related reactions
RO+NO+M—RONO+M (with R=CH;, CHs, i-CsH5,
see data sheets, this evaluajiofalloff curves are con-
structed withF =0.44 from Ref. 2. Reactio(R) appears to
be only of minor importanc&®’ The preferred values are
identical to those in our previous evaluation, IUPAC, 1897.

pressure of 675 mbar. Relative rate coefficients were de-

termined from end-product analysis of gBNO and
CH;ONO,(GCO). k(CH;0+NO—CH3;ONO)/k=2.03

+0.47 was obtained over the range 392-420 K. This
rate coefficient ratio is placed on an absolute basis by use

of a rate coefficient of k(CH;O+NO—CH;ONO)
=2x10 * cm® molecule ! s* over the range 200—400
K (CODATA, 1984). k, /k, was determined from py-
rolysis of CHOOCH; in the presence of NDand N,
and shown to be pressure dependent.

See commenfc) for k,. An RRKM extrapolation leads
to the valuek.,=2.1x 10 ! cm® molecule * s71.

(e)—(f) See commentg) and (c) respectively, fok., .
(g9)-(h) See comment&d) and (e) for kg.

(d)

Preferred Values

k=1.5x10 ! cm® molecule *s ! at 298 K and 1 bar of
air.

k..=1.9x10 ! cm® molecule ' s™%, independent of tem-
perature over the range 200—-400 K.

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999

References

1J. A. McCaulley, S. M. Anderson, J. B. Jeffries, and F. Kaufman, Chem.
Phys. Lett.115 180 (1985.

2M. J. Frost and I. W. M. Smith, J. Chem. Soc. Faraday Tr&6s1751
(1990; 89, 4251(1993 (corrigendum.

3p. Biggs, C. E. Canosa-Mas, J.-M. Fracheboud, A. D. Parr, D. E.
Shallcross, R. P. Wayne, and F. Caralp, J. Chem. Soc. Faraday 88ans.
4163(1993.

4NASA Evaluation No. 12, 1997see references in Introductipn

SIUPAC, Supplement V, 1997see references in Introduction

5H. A. Wiebe, A. Villa, T. M. Hellman, and J. Heicklen, J. Am. Chem. Soc.
95, 7 (1973.

L. Batt and G. N. Rattray, Int. J. Chem. Kindtl, 1183(1979.

8CODATA, Supplement II, 1984see references in Introductipn



EVALUATED KINETIC AND PHOTOCHEMICAL DATA 299

C2H50 + N02 +M— C2H50N02 +M (1)
C,Hs0 + NO, — CH;CHO + HONO  (2)

AH°(1)=-171.7 kJmol™*
AH°(2)=—263.0 kJmol*

High-pressure rate coefficients

Rate coefficient data

k... /cn® moleculet 72 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(2.8+0.3)x107* 295 Frost and Smith, 1990 PLP-LIF (a)
Reviews and Evaluations
2.8x107 1 (T/300) 1° 200-300 NASA, 1997 (b)
2.8x10° 1 200-300 IUPAC, 1997 (c)
Comments Comments on Preferred Values

- : The value ofk..; is based on the data of Frost and Sniith,
(@ The same rate coefficients were measured in the pres- : : ;
and appears consistent with values for related reactions such
ence of 2 or 130 mbar of He.

as ROFNO+M—RONO+M (with M=CHz, C,Hs, and
e e e "G o CHOTNO: M—CHONO, 1 (6 T

evaluation. Reaction(2) appears to be of minor importance,
with a rate coefficient ratio dk,/k;=0.1+0.01 at~450 K
being cited by Batf. The preferred value fok.. is identical
to that in our previous evaluation, IUPAC, 19%7.

K.y =2.8x10 ! cm® molecule *s™%, independent of References
temperature over the range 200—-300 K.

Preferred Values

IM. L. Frost and I. W. M. Smith, J. Chem. Soc. Faraday Tr&.1751

R (1990.

Re“ablllty . 2NASA Evaluation No. 12, 1997see references in Introductipn
A |Og kwl_—o-3 at 298 K. S|JUPAC Supplement V, 1997see references in Introductipn
An==*=0.5. 4L. Batt, Int. Rev. Phys. Cheng, 53 (1987).

1-C5H,0 + NO, + M— 1-CsH,ONO, + M (1)

1-C3H,0 + NO, — CH3CH,CHO + HONO (2)

AH°(1)=—165.9 kJmol™*
AH°(2)=—258.7 kdmol™*

High-pressure rate coefficients

Rate coefficient data

k.1 /cnt molecule ! s™? Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(3.6+0.4)x10" 1! 296 Mund, Fockenberg, and Zellner, 1998 PLP-LIF (a)
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Comments Comments on Preferred Values

- . The preferred value is based on the sole study of Mund
(@ The rate coefficient was observed to be independent of, _ 1" " . . -
et al.” with expanded uncertainty limits. The rate coefficient
total pressure over the range 6.7—53 mbar.

is of a similar magnitude to other RENO, reactions(see
data sheets in this evaluation for got-NO,, C,H;O+NO,,
Preferred Values and 2-GH,0+NO,).

K.;=3.6x10 ' cm® molecule * st at 298 K.
References

Reliability 1C. Mund, Ch. Fockenberg, and R. Zellner, Ber. Bunsenges. Phys. Chem.
A logk,;=*0.3 at 298 K. 102 709(1998.

2'C3H7O + NOZ +M— 2'C3H7ONOZ +M (1)
2-C3H,0 4+ NO, — CH;C(O)CHz + HONO  (2)

AH°(1)=-171.7 kJmol™*
AH°(2)=—277.6 kmol™*

High-pressure rate coefficients

Rate coefficient data

k... /cn® molecule* 72 Temp./K Reference Technique/Comments

Absolute Rate Coefficients

3.5x1071* 298 Balla, Nelson, and McDonald, 1985 PLP-LIF (a)
(3.3x0.3)x10° ¢ 296 Mund, Fockenberg, and Zellner, 1898 PLP-LIF (b)
Reviews and Evaluations
3.5x10 1t 200-300 IUPAC, 199%7 (c)
Comments Comments on Preferred Values

The recommendation is based on the data of Batllal!
. _ d Mundet al? The value ofk.., is consistent with other
—1.5% 11 " an ol
efficient of k.q=1.5x10"** exf{(250+ 200)/T] e related reactions such as RMNO+M—RONO+M and

molecule ! st was derived from measurements over . .
the temperature range 295-384 K. No pressure deper|1:§o+l\loz+'\/l_”:aO'\lonr'vI (with R=CHs, CpHs, 1-CaHy,

dence was observed between 1.3 and 13 mbar. see this evaluation The preferred values are identical to

(b) The measured rate coefficient was observed to be indé[hoSe of our previous evaluation, IUPAC, 1991t is esti-

mated thak,/k..;<0.2. Batf cites a rate coefficient ratio of
pendent of total pressure over the range 6.7—106 mbal'(. Ik, =0.027+ 0.006 at~450 K, indicating that reactiof?)
(c) Based on the data of Balkt al? 2iL e » Indicating :

is of negligible importance under atmospheric conditions.

(@ By extrapolation to zero laser power, a rate co-

Preferred Values References

K.1=3.5x10  cm® molecule* s, independent of

temperature over the range 200—-300 K.
'R. J. Balla, H. H. Nelson, and J. R. McDonald, Chem. P198.323

(1985.
Reliability 2Ch. Mund, Ch. Fockenberg, and R. Zellner, Ber. Bunsenges. Phys. Chem.
A logk.;=+0.2 at 298 K. 102, 709(1998.

3|UPAC, Supplement V, 1997see references in Introduction

= +
An==x05. 4L. Batt, Int. Rev. Phys. Cheng, 53 (1987).
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CH302 + NO e CH3O + NOZ

AH°=-50.2 kdmol™*

Rate coefficient data

k/cm® molecule* st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(11.2+1.4)x 10 *? 298 Masaki, Tsunashima, and Washida, 1994 DF-MS (a)
2.8x 10 12 ex{{ (285+ 60)/T] 199-429 Villalta, Huey, and Howard, 1995 F-CIMS (b)
(7.5+1.3)x10°*? 298
(7.5+1.0)x10°*? 298 Helleis, Moortgat, and Crowley, 1996 DF-MS (c)
Reviews and Evaluations
3.0x 10 12 exp(280T) 200-300 NASA, 199% (d)
4.2x 1012 exp(180T) 240-360 IUPAC, 1997 (e

Comments

(@ Mass spectrometry using photoionization detection of

CH30..
(b) Mass spectrometry using Cl detection of &M posi-

tive ions.k determined from pseudo-first order loss o

CH30, in the presence of excess NO.

(c) Electron impact detection of G, in excess NO.

the previous recommendations, and with improved precision.
The values from Masalét al! are outside the range of val-

ues observed by all other reliable studies and must have an
unidentified source of error. The temperature dependence of

¢ Villalta et al2is based on a wider range than studied hitherto

and with increased precision in the data. The data of Ravis-
hankaraet al.” did not show a consistent trend with tempera-

Measurements using deuterated methyl peroxy gaviire over the range 240-339[k/R= —(86+112) K]. The

k(CD;0,+N0O)=(8.6+1.00x10 2 cm® molecule 1 s71
at 298 K.

higher value o£/R= — (380+ 250) K obtained by Simonai-
tis and Heicklef’ was influenced strongly by two data points

(d) kpggis derived from the results of Sander and WatSon, at 218 K which are significantly higher than the Villalta

Ravishankarat al,” Cox and Tyndalf Plumbet al.’
Simonaitis and Heickle! Zellneret al,** and Villalta

et al? data. The Arrhenius expression determined by Villalta
et al? gives the best representation of all relevant data and is

et al2 The temperature dependence was derived from gecommended here.
weighted least-squares analysis of the data of Ravi- The alternative reaction channel of the pereXO reac-

shankaraet al,” Simonaitis and Heicklel and Villa-
Ita et al?

(e) kyggWas the mean of the data of Plurabal.® Cox and
Tyndall® Sander and WatsdhRavishankaraet al.’
Simonaitis and Heickle/) and Zellneret al,'! and
E/R was from the data of Ravishankaetal.” and Si-
monaitis and Heicklef’

Preferred Values

k=7.5x10 *? cm® molecule *s! at 298 K.
k=2.8x10 2 exp(285T) cm® molecule*s™! over the
temperature range 200—-430 K.

Reliability
A log k=%£0.05 at 298 K.
A(E/R)= =100 K.

Comments on Preferred Values
The new DF-MS data of Villaltat al? and Helleiset al®

tion leading to the formation of alkyl nitrate has never been
observed for CHO, and accounts foxx1% of the overall
reaction at room temperature and below.

References

IA. Masaki, S. Tsunashima, and N. Washida, Chem. Phys. 2&8.523
(1994.

2p. W. Villalta, L. G. Huey, and C. J. Howard, J. Phys. Ch@®,. 12829
(1995.

3F. Helleis, C. K. Moortgat, and J. N. Crowley, J. Phys. Ch&00, 17846
(1996.

4NASA Evaluation No. 12, 1997see references in Introductipn

SIUPAC, Supplement V, 1997see references in Introduction

63. P. Sander and R. T. Watson, J. Phys. Chig#n1664(1980.

"A. R. Ravishankara, F. L. Eisele, N. M. Kreutter, and P. H. Wine, J.
Chem. Phys74, 2267(1981.

8R. A. Cox and G. S. Tyndall, Chem. Phys. Ld§, 357(1979; J. Chem.
Soc. Faraday Trans. 26, 153(1980.

°l. C. Plumb, K. R. Ryan, J. R. Steven, and M. F. R. Mulcahy, J. Phys.
Chem.85, 3136(1981).

10R. Simonaitis and J. Heicklen, J. Phys. Ché&®. 2946(1981).

rovide values ok,gg Which are in excellent agreement with 'R. Zellner, B. Fritz, and K. Lorenz, J. Atmos. Che#.241(1986.
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J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999



302 ATKINSON ET AL.

C2H502 + NO — C2H50 + NOZ (1)
C2H502 +NO+M— C2H5ONOZ +M (2)

AH°(1)=—43.8 kJmol ™!
AH°(2)=—215.6 kmol™*

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

k/cm® moleculet s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

(8.2£1.6)x 1012 295 Dzleet al, 1995 DF-MS (a)

3.1X 1072 exd (330+110)/T] 220-355 Maricq and Szente, 1996 PLP-AS (b)

(1.0£0.15)x 10" * 295

2.6x 10 12 ex{d (380+70)/T] 207-403 Eberhard and Howard, 1896 F-CIMS (c)

(9.3+1.6)x107 12

(8.5+1.2)x10°*? 298 Sehested, Nielsen, and Wallington, 1993 PR-UVAS

(8.9+3.0)x10°*? 295 Plumbet al, 1982 DF-MS
Branching Ratio

k,/k<0.014(1 bay 299 Atkinsonet al, 1982 (d)
Reviews and Evaluations

2.6x 10712 exp(3651) 200-410 NASA, 1997 (e)

8.7x 10712 298 IUPAC, 1999 (f)

Comments A(E/R)=+100 K.

(@ Conventional discharge flow system with LIF detection
of C,Hs0O product.k determined by simulation of ex- Comments on Preferred Values
perimental GHsO profiles. The new measuremenis are all in excellent agreement

(b) Excimer laser photolysis of GFCHg—NO—-O—N,  with the earlier data of Plumét al® and Sehesteett al’ The
mixtures. Time-resolved measurements gHED, de-  temperature coefficient&(R) from the two recent studiés
cay and GHsONO formation using diode array UV are in excellent agreement and confirm the emerging picture
absorption spectroscopy, and of NO loss and,Nt>-  of significant negative temperature dependence for the
mation using diode laser absorption spectroscopy. RO,+NO reactions.

(c) Ethyl radicals from thermal decomposition wfpropyl The preferred value fok(298 K) is the mean of the re-
nitrate followed by reaction of s decomposition sults from Refs. 1-5. The expression for the temperature
fragment with Q, or by rf discharge through fEil. dependence accepts tBgR from Eberhard and Howard,
Pseudo-first order kinetics with excess NO and CIMSbecause this is based on a wide range of temperature and has
detection of GHsO, as the ethyl peroxy negative ion. better precision.

(d) GC analysis of GHsONO, product from photooxida- The branching ratio for 8HsONO, formation is based on
tion of C,Hg in Cl,—C,Hg—NO—air mixtures. the work of Atkinsonet al®

(e) Based on the data of Refs. 1-5.

(f) Based on the data of Plunet al® and Sehestedt al? References

lv. Déele, A. Ray, |. Vassalli, G. Poulet, and G. Le Bras, Int. J. Chem.

Preferred Values Kinet. 27, 1121(1995.
2M. M. Maricq and J. J. Szente, J. Phys. ChdiiQ, 12374(1996.
k=9.0x10 2 cm® molecule ! s* at 298 K. 33, Eberhard and C. J. Howard, Int. J. Chem. Kir2&. 731 (1996.

k=2.5x 10 2 exp(380T) cm® molecule*s™* over the 4J. Sehested, O. J. Nielsen, and T. J. Wallington, Chem. Phys. 21t.

- 457 (1993.
temperature range 200-410 K. 51. C. Plumb, K. R. Ryan, J. R. Steven, and M. F. R. Mulcahy, Int. J. Chem.

k,/k=0.014 at 298 K and 1 bar pressure. Kinet. 14, 183(1982.
6R. Atkinson, S. M. Aschmann, W. P. L. Carter, A. M. Winer, and J. N.
L Pitts, Jr., J. Phys. Cheri5, 4563(1982.
Reliability "NASA Evaluation No. 12, 1997see references in Introduction
A logk=+0.1 at 298 K. 8]UPAC, Supplement V, 1997see references in Introduction
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Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Comments
Absolute Rate Coefficients
(9+4)x 10712 298 Becker, Geiger, and Wiesen, 1991 PLP-LIF (a)
Reviews and Evaluations
9x 10 *? 298 Lightfootet al, 1992 (b)
9% 1012 298 IUPAC, 1997 (b)
Comments Comments on Preferred Values

The rate coefficient reported by Beckeral,* which is

a) Pulsed laser photolysis of ,8, in the presence of ) . . .
@ photoly 22 P recommended, is consistent with the rate coefficients of the
C,H,—O,—NO mixtures at a total pressure of 1 bar . . .
. . . reactions of other peroxy radicals with NO. Independent con-
[(760x5) Torr]. Relative OH radical concentrations . oo o
: . . : firmation is needed to reduce the recommended error limits.
were determined as a function of time using LIF, and . : : )
. ) - . "The preferred values are identical to those in our previous
simulated by a mechanism consisting of 11 reactions :
: . -~~~ Sevaluation, IUPAC, 1997.
of which k of above reaction was the most sensitive.
(b) See Comments on Preferred Values.
References
Preferred Values
10 1.1 1K. H. Becker, H. Geiger, and P. Wiesen, Chem. Phys. L84, 256
k=9x10 % cm® molecule *s ! at 298 K. (1997,
2p. D. Lightfoot, R. A. Cox, J. N. Crowley, M. Destriau, G. D. Hayman, M.
o E. Jenkin, G. K. Moortgat, and F. Zabel, Atmos. Envir@8A, 1805
Reliability (1992.
A logk=+0.5 at 298 K. 3IUPAC, Supplement V, 1997see references in Introduction
n'C3H702+ NO—) n'C3H70+N02 (1)
I’I—C3H702 + NO + M—>n'C3H7ON02 +M (2)
Rate coefficient data (k=k,;+k;)
k/cm® molecule st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
2.9x 10 2 exd (350+ 60)/T] 201-402 Eberhard and Howard, 1996 (@
(9.4+1.6)x10° 12 298
Branching Ratios
k, /k=0.020+0.009(1 bap 299 Atkinsonet al, 19822 Carter and Atkinson, 1989 (b)
Reviews and Evaluations
5.0x10 2 298 IUPAC, 1997 (©
Comments oxidation of GHg in NO,—air mixtures. Carter and
(@ n-CsH-O, radicals were produced by pyrolysis of Atkinsor? revised the analysis of original data to pro-

(b)

n-CsH,ONO, in the presence of Dand detected by vide the values quoted. )
CIMS. Pseudo-first order kinetics with excess NO. (€} Based on analogy to the reactiorCsH;0,+NO. The

Based on yield of-CsH,ONO, product from photo- branching ratio was based on the measurements of At-
kinsonet al?
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Preferred Values cals with NO. The temperature coefficient supports the
5 1 emerging picture of a significant negative temperature de-
k=9.4x 10712 e molecule™ s™* at 29& K;l pendence of the rate coefficient for the REONO reactions.

k=2.9x10"* exp(350) cm’ molecule™s™ over the  The yecommendation accepts the Arrhenius expression of
temperature range 200-410 K. Eberhard and Howartiand supersedes our earlier IUPAC

k,/k=0.020 at 298 K and 1 bar pressure. recommendatiof.

The preferred branching ratio farpropyl nitrate forma-

Reliability tion is that measured by Atkinsat al.? as revised by Carter

A logk=+0.2 at 298 K. and Atkinsor®

A(E/R)= =100 K.

A log(k,/k)==0.3 at 298 K and 1 bar pressure.

References

Comments on Preferred Values
The new measurements of Eberhard and Howprdvide - Eberhard and C. J. Howard, Int. J. Chem. Ki2. 731 (1996
the only experimental measurements of this rate coefficient. <: Atkinson, S. M. Aschmann, W. P. L. Carter, A. M. Winer, and J. N.
. . Pitts, Jr., J. Phys. Cher6, 4563(1982.
The value ofkygg is in line with the most recent measure- sy p. | carter and R. Atkinson, J. Atmos. Chen165 (1989.

ments for reactions of ethyl peroxy and 2-propyl peroxy radi- lUPAC, Supplement V, 199%ee references in Introduction

i'C3H702 + NO — i'C3H7O + N02 (l)
i-CgH70, + NO + M — j-C3H,ONO, + M (2)

AH°(1)=—40.5 kJmol !
AH°(2)=-212.2 kimol !

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

k/cm® molecule * s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
2.7x 10 12 ex{d (360+ 60)/T] 201-401 Eberhard, Villalta, and F-CIM8)
(9.0+1.5)x10°*? 298 Howard, 1996
(9.1+1.5)x10 12 298 Eberhard and Howard, 1996 F-CIMS (b)
Branching Ratios
k, /k=0.042+0.003(1 bar aip 299 Atkinsonet al, 19822 Carter and Atkinson, 1989 (c)
Reviews and Evaluations
5.0x 10712 298 IUPAC, 1997 (c)
Comments branching ratio, cited above, from the original data

. . . . the basis of revised data for the rate coefficients of the
(@ i-C3H,0O, radicals produced by reaction of,Qvith HO radical reactions with alkanes.

i-CsH5 radicals produced by thermal decomposition of(d) Based on the DF-MS study of Peetetsal®
isobutyl nitrate.i-C3H,O, was detected as its parent
negative ion formed by reaction with,Ok determined

by pseudo-first order loss ©fC;H,O, in the presence Preferred Values

of NO. k=9.0x10 *? cm® molecule ' s™! at 298 K.

(b) i-C3H,0, produced by reaction of LQwith i-C;H- pro- k=2.7x10 12 exp(360T) cm® molecule*s™* over the
duced in a low frequency rf discharge througpropyl  temperature range 200-410 K.
iodide. k,/k=0.042 at 298 K and 1 bar pressure.

(c) Photolysis of CHONO-NO-GHg—air or
Cl,—NO-GHg—air mixtures at a total pressure of 1 Reliability
bar. The branching ratio was determifedom the A logk==0.1 at 298 K.
measured yields af- C3H,ONO, and the consumption A(E/R)=*100 K.
of C3Hg. Carter and Atkinschhave reevaluated the A log(k,/k)=+0.3 at 298 K and 1 bar pressure.
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et al,® and using updated data for the OH radical reactions
with alkanes.

Comments on Preferred Values

The new data from Eberhast al:~ using improved tech-
niques for radical generation and detection gives a rate coef-
ficient at 298 K which is almost a factor of 2 higher than the | ]

. 6 . J. Eberhard, P. W. Villalta, and C. J. Howard, J. Phys. Chtdg, 993
value obtained by Peeteet al,” and is close to the value  (199q.
obtained for a range of alkyl peroxy radicals at 298 K. The 2J. Eberhard and C. J. Howard, Int. J. Chem. Kir2. 731 (1996.
f d | fok d the t t d d . 3R. Atkinson, S. M. Aschmann, W. P. L. Carter, A. M. Winer, and J. N.
preferred value fokyeg and the temperature dependence is piys 3,3 Phys. Cherss, 4563(1982.
that reported by Eberhamt al,* which appears reliable. ‘S‘W. P. L. Carter and R. Atkinson, J. Atmos. Che8n.165(1989.
. P IUPAC, Supplement V, 199%ee references in Introduction
The recommended branChmg ratio is that recalculated byﬁJ. Peeters, J. Vertommen, and |. Langhans, Ber. Bunsenges. Phys. Chem.

Carter and Atkinschbased on the original data of Atkinson 96, 431 (1992.

I 1,2

References

CH3C(0)0, + NO — CH;C(0)O + NO,
AH°=-93 kJmol™?

Rate coefficient data

k/cm® molecule * s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

2.1X10" 2 exd (570+ 140)/T] 228-354 Maricq and Szente, 1996 PLP-AS (a)

(1.4+0.2)x10 11 298

8.1X10 12 exd (270+60)/T] 200-402 Villalta and Howard, 1986 F-CIMS (b)

(2.0+0.3)x10 1 298

(2.0+0.3)x10™ 1! 295 Sehestedt al, 1998 PR-A (c)
Relative Rate Coefficients

8.9x 10712 exd (312+46)/T] (1 bar ai) 247-298 Seefeld, Kinnison, and Kerr, 1997 (d)

(2.5=0.4)x10 ** (1 bar ai) 298

(2.19+0.23)x 10" * (0.93 baf 295 Sehestedt al, 1998 (e)
Reviews and Evaluations

5.3+10 2 exp(360T) 249-367 NASA, 1997 ()

2.0x10 280-325 IUPAC, 1997 (9)

Comments

(@ Pulsed laser photolysis of £1CH;CHO—-0,—NO mix-
tures at 351 nm. Time-resolved absorption spectros(e)
copy using a gated diode array for gE{O)O, in the
UV and using a diode laser for NO and N® the IR.
Correction tok required for competing reactions of
CH5C(O)0,.

(b) CH3C(O)O, produced by thermal decomposition of

range 247-298 K. The expression in the table is
calculated using our recommended values for
k(CH5C(0)O,+NOy,) at 1 bar pressure.

CH;C(O)O, radicals were produced by photolysis
of Cl,—CH,CHO-O, mixtures, and reactants and
products monitored by FTIR spectroscopy. The mea-
sured rate coefficient ratiok(CH;C(O)O,+NO)/
k(CH3C(0)0,+NO,) =2.07+0.21 at 932 mbar Nis
placed on an absolute basis using the recommended

(©

(d)

peroxyacetyl nitrate and detected by CIMS through its
reaction with SE. NO,, CH;, and CQ were positively  (f)
identified as products implying rapid decomposition of
CH5C(0)O to CH; and CQ. (9
Pulse radiolysis of CECHO-0O—~CO,—NO and
CH;CHO-0O—SK—NO mixtures at 1 bar pressure.
The rate coefficient was obtained from the formation of
NO,, measured by absorption at 400.5 nm.
CH5C(O)O, produced by steady-state photolysis of bi-
acetyl in the presence of OYields of peroxyacetyl
nitrate were measured as a function of [hN©]/[NO,]
ratio. Data gavek/k(CH;C(O)O,+NO,)=2.44+0.18

at 1 bar,

value ofk(CH5C(0)0O,+NOy) [this evaluatioh
Based on data of Maricq and Szengnd Villalta and
Howard?

Based on the relative rate measurements of €.’
Cox and Roffeyy Hendry and Kenley, Kirchner
et al,’® and Tuazoret al!

Preferred Values

k=2.0x10 ! cm® molecule 1 s at 298 K.
k=7.8x10 12 exp(300T) cn® molecule*s ! over the
independent of temperature over thetemperature range 200—-350 K.
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Reliability coefficient observed by Maricq and Széntnd Seefeld
A logk=+0.2 at 298 K. etal® The earlier data fork, obtained relative to
A(E/R)=*+250 K. k(CHsC(0)0,+NO,), " are generally consistent with this

recommendation.

Comments on Preferred Values

The new direct measurements of Villalta and Hovfadd

3 . .
Sehested_et al® at 298 K are in gpod agreement W|tr_1 the M. M. Maricq and J. J. Szente, J. Phys. Cheii0, 12380(1996.
value derived from the earlier relative rate data, on which thezp. w. villalta and C. J. Howard, J. Phys. Cheb00, 13624(1996.
previous IUPAC recommendatidhsvere based. The mea- 3J. Sehested, L. K. Christensen, T. Mggelberg, O. J. Nielsen, T. J. Wall-
surements of Maricq and Szeh@\/e a value Oﬂ((298 K) ington, A. Guschin, J. J. Orlando, and G. S. Tyndall, J. Phys. Chem. A
. . 102, 1779(1998.
0, -

a_\p_prOX|mater_3O /o_ lower than, and their tempe_rature coef-ag Seefeld, D. J. Kinnison, and J. A. Kerr, J. Phys. Cheml04, 55
ficient (E/R) is twice as large as, that of Villalta and (1997.
Howard? The recent relative rate study of Seefatlal? *NASA Evaluation No. 12, 1997see references in Introductijon

. . 6 H
provided improved accuracy and an extended range to low,'YPAC, Supplement V, 199%see references in Introduction

temperatures. The values kfbased on the IUPAC recom- Eérﬁafﬁ;a?,‘s?% zlj(gzvggt;;' M. Holt, and J. A. Kerr, J. Chem. Soc.
mendation for the reference reaction are in good agreemerfiR. A. Cox and M. J. Roffey, Environ. Sci. Techndll, 900 (1977.

with the values of Villalta and Howafdand Sehestet al® j)D- G. Hendry and R. A. Kenley, J. Am. Chem. S8, 3198(1977.

The recommendation is based on the 298 K measurements oﬁég(clhg‘ge& F. Zabel, and K. H. Becker, Ber. Bunsenges. Phys. Coém.
Villalta and Howard and Seheste@t al,® with E/R in- 11 ¢ Tyazon, W. P. L. Carter, and R. Atkinson, J. Phys. Cl5n2434

creased slightly to take into account the larger temperature (1992.

References

Rate coefficient data

k/cm® moleculetst Temp./K Reference Technique/Comments
Relative Rate Coefficients
1.25x 10~ ! exp(240T) 249-302 Seefeld and Kerr, 1997 (@
(2.8:0.4)x10 1 298
Reviews and Evaluations
2.0x10° 1 298 IUPAC, 1997 (b)
Comments k=1.2x10 1! exp(240T) crm® molecule st over the

(@ Ratio k/k(C,HsC(0)O,+NO,) =2.33+0.38, indepen- €Mperature range 240-310 K.
dent of temperature over the range 249-302 K.
C,HsC(0)0, produced by photolysis of £1;C(O)Clin  Reliability
a flow system at 1 atm pressure with analysis of A logk=*0.3 at 298 K.
C,HsC(O)O,NO, by GC, as a function of the A(E/R)= =500 K.
[NOJ/[NO,] ratio. k calculated with k(C,HsC(O)O,
+NO2) =k (CHC(0)0,+NOy)  from the present  comments on Preferred Values
evaluatlorl(ig Arrhenius form,km(CH3§£Oz(l)2+N02) The rate coefficient is very similar in magnitude to the
=5.4x10"*? exp(240T) cm’ molecule *s™* over the corresponding reaction of the acetylperoxy radical, for which
range 250-300 K Also showed that the above rate there is very good agreement between relative rate determi-
constant ratio was 1113% higher than the corre- pations using the same technique, and direct determinations.
sponding ratio for CHC(O)O,, which is consistent 1h,5 confidence can be placed in the indirect determination
with a higher rate coefficient for the RONO,(+M)  gnq the results of Seefeld and Keform the basis for the

reaction for the G acylperoxy radlcal.k?e recommendation, which supersedes that based on the earlier
(b) Based on the work of Kerr and Stocker. work of Kerr and Stocke?.
References
Preferred Values 1S, seefeld and J. A. Kerr, Environ. Sci. Techr@i, 2949(1997).
2JUPAC, Supplement V, 1997see references in Introductipn
k=2.8x10 1 cm® molecule ! s* at 298 K. 33, A. Kerr and D. W. Stocker, J. Photoche28, 475 (1985.
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CH302 + N02 + M b CH302N02 + M

AH°=—-88 k3mol™*
Low-pressure rate coefficients

Rate coefficient data

ko /cn molecule* st Temp./K Reference Technique/Comments
Absolute Rate Coefficients

(2.33+0.08)x 10 [N,] 298 Sander and Watson, 1980 FP-AS (a)

2.2x107%0 (T/300) 25 [N,] 253-353 Ravishankara, Eisele, and Wine, 980 FP-AS (b)
Reviews and Evaluations

2.5x107%0 (T/298) 55 [N,] 253-353 Destriau and Troe, 1990 (c)

1.5x 1020 (T/300) “°[N,] 200-300 NASA, 199% (d)

2.5x107%0 (T/300) >5[ N,] 250-350 IUPAC, 1997 (e)

Comments Preferred Values

(@) Pressure range 70—900 mbar for the bath gases He, N —2 5x 1073%(T/300) 55 [N,] cn® molecule 1 s72,
and Sk. Analysis of the falloff curve was carried out
with a theoreticaF . value of 0.39, in good agreement
with the fitted value of.=0.4+0.10. o

(b) Pressure range 100—950 mbar. Analyses of the falloffReliability
curves at 253, 298, and 353 K were carried out with A 10gk,==*0.3 at 298 K.
F.=0.4 independent of temperature. An==*1.

(c) Theoretical analysis based on recombination data from
Refs. 1 and 2 and dissociation data from Ref. 6. INncomments on Preferred Values

order to extrapolatekol 1? temperatur(i—lm?fpendent The preferred values are based on the theoretical analysis
value of k,=7.5x10 2 cm®moleculels and . . : .
of Ref. 3 which used the previous experimental determina-

F.=0.36 (at 300 K were used. The comparison of i Th | based th tically determined
dissociation and recombination experiments led to/'ONS. these values are based on a theoretically determine

over the temperature range 250-350 K.

AH°=—88.5 kJ molL. value of F.=0.36 at 300 K. The difference between the rec-
(d) Based on the rate data from Refs. 1 and 2 analyze@mmendations of Refs. 4 and 5 is due to the different values
with F.=0.6. of F. used, with the analysis of Ref. 4 being based on a
(e) Based on the theoretical analysis of Ref. 3, which usedtandard value of .=0.6. The preferred values are identical
the experimental data of Refs. 1, 2, and 6. to those in our previous evaluation, IUPAC, 1997.

High-pressure rate coefficients

Rate coefficient data

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

(8.0+1.0)x10 12 298 Sander and Watson, 1980 FP-AS(a)

7x10712 (T/298) 3° 253-353 Ravishankara, Eisele, and Wine, 980 FP-AS (b)
Reviews and Evaluations

7.5x 10712 253-353 Destriau and Troe, 1590 (c)

6.5x 10712 (T/300) 2° 200-300 NASA, 199% (d)

7.5x10 12 250-350 IUPAC, 1997 (e
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Comments
(a See commenta) for k.
(b) See commentb) for ky. The large negative tem-

perature coefficient is probably an artifact of the
interpretation. If a larger negative temperature ex-
ponent fork, and a smalleF . value at higher tem-

perature are used, the large negative temperaturg

exponent ofk,, will decrease.
(c)—(e) See commenttc)—(e) for kg .

Preferred Values

gls?

k=4.0x 10 2 cm® molecul
air.
k..=7.5x10 *? cm® molecule * s 7%, independent of tem-

perature over the range 250-350 K.

at 298 K and 1 bar of

Reliability
A logk,=%*0.3 at 298 K.
An==*0.5.

ET AL.

Comments on Preferred Values

See comments orkg. An experimental value ofF,
=0.36 at 298 K appears well established. A temperature de-
pendence oF ;. must be expected, probably similar to that for
NO,+NO;—N,Os (IUPAC, 1997). Less complete informa-
tion on the falloff range is obtained from the experiments by
ox and Tyndalf who measuredk=1.6x10 *?cn?®
molecule s ! at 700 mbar of N and 1.2 10 *?cm?
molecule*s ! at 66 mbar of Ar at 275 K. The apparent
observation of a pressure independent rate coeffitiener
the range 66—760 mbar of Ar, reported by Adachi and
Basco® is not confirmed by Refs. 1 and 2.

References

1S. P. Sander and R. T. Watson, J. Phys. Ch&n1664(1980.

2A. R. Ravishankara, F. L. Eisele, and P. H. Wine, J. Chem. Pi§/8743
(1980.

3M. Destriau and J. Troe, Int. J. Chem. Kingg, 915 (1990.

4“NASA Evaluation No. 12, 1997see references in Introductipn

SIUPAC, Supplement V, 1997see references in Introductipn

SF. Zabel, A. Reimer, K. H. Becker, and E. H. Fink, J. Phys. Chef).
5500(1989.

"IUPAC, Supplement VI, 1997see references in Introduction

8R. A. Cox and G. S. Tyndall, J. Chem. Soc. Faraday Tran#6,2153
(1980.

9H. Adachi and N. Basco, Int. J. Chem. Kiné®, 1 (1980.

CH302N02 +M— CH302 + N02 + M

AH°=88 kJmol™*

Low-pressure rate coefficients

Rate coefficie

nt data

kol/s™t Temp./K Reference Technigue/Comments
Absolute Rate Coefficients

9.0x 10 5 exp(—96941) [N,] 248-273 Zabeet al, 1984 (@

6.7X10 °[N,] 298
Reviews and Evaluations

5.7x 107 °[air] 298 NASA, 1997 (b)

9x 10 exp(—96901) [N,] 250-300 IUPAC, 199%7 (c)

Preferred Values

ko=9x10"° exp(—9690T) [N,]s ! over the tempera-

Comments
(@ Rate of decomposition of CJD,NO, followed by ko=6.8<10 *°[N,] s * at 298 K.
FTIR spectroscopy after generation in a reaction cham-
ber, with subsequent addition of NO to scavengetre range 250—300 K.
CH30, radicals. Falloff curves were fitted with
F.=0.4 andF .-dependent broadening. Reliability
(b)

tion and the equilibrium constamt; from Ref. 2.

(c) Based on the theoretical analysis of Ref. 4 of the rate
data of Ref. 1 and the reverse recombination
reaction>®

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999
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Comments on Preferred Values ture (with AH°=88.5 kJ mol1). Slightly lower limiting rate
The preferred values correspond to the data and analyseoefficients were obtained in Ref. 7 where a valueFqf

of Ref. 1. A theoretical analysis of these data and those of the=0.6 was used. The preferred values are identical to those in

reverse reaction in Ref. 4 gives an internally consistent piceur previous evaluation, [UPAC, 19§7.

High-pressure rate coefficients

Rate coefficient data

k, /st Temp./K Reference Technigue/Comments
Absolute Rate Coefficients

2.1X 10 exp(—109201) 256-268 Bahta, Simonaitis, and Heicklen, 1982 @

2.6 298

1.1X 10 exp(—105607) 248-273 Zabeet al, 1989 (b)

45 298

Reviews and Evaluations

2.4 298 NASA, 1997 (c)
1.1x 10'® exp(—10560T) 250-300 IUPAC, 1997 (d)
Comments Reliability

(a) CH;0,NO, generated by photolysis of £in the pres- A logk,==0.3 at 298 K.
ence of NQ, CH,, and Q. Kinetics were monitored in A(E/R)==500 K.
the presence of NO by UV absorption at 250 nm. At 460
mbar, k= 6% 10'° exp(—10620T) s %. The given value Comments on Preferred Values
of k,, is derived withF.=0.6. The data depend to some See Comments on Preferred Valueskgf
extent on the rate coefficient for the reaction
CH30,+NO—CH30+NO,. References
(b)—(d) See comment&a)—(c) for kg .
1F. Zabel, A. Reimer, K. H. Becker, and E. H. Fink, J. Phys. Cheg).

5500(1989.
Preferred Values 2NASA Evaluation No. 12, 1997see references in Introductipn
3|UPAC, Supplement V, 1997see references in Introduction
k=1.8 s!at 298 K and 1 bar of air. 4M. Destriau and J. Troe, Int. J. Chem. King®2, 915(1990.
k,=45 s1at 298 K. 5S. P. Sander and R. T. Watson, J. Phys. Chg4n1664(1980.

SA. R. Ravishankara, F. L. Eisele, and P. H. Wine, J. Chem. PIg/8743
k..=1.1x 10" exp(~10560T) s * over the temperature (19g0, avishankara seie.an ne em. Y

range 250-300 K. ’A. Bahta, R. Simonaitis, and J. Heicklen, J. Phys. Ch&®n1849(1982.
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C2H502+ N02+ M—)C2H502N02+M

AH°=—-67.7 kImol !
Low-pressure rate coefficients

Rate coefficient data

ko /cn molecule* st Temp./K Reference Technique/Comments
Relative Rate Coefficients

4.8x10 2 [N,] 254 Elfers, Zabel, and Becker, 1990 (@
Reviews and Evaluations

7.9x10 30 (T/298) ®2[N,] 200-300 Destriau and Troe, 1990 (b)

2.2X1072°[N,] 254

1.3x10°%° (T/300) 62 200-300 IUPAC, 1997 (c)

Comments slightly differentk, value from that of Ref. 1 is due to

the use of a different data base and the long and uncer-
tain falloff extrapolation.
(c) Based on the average of the data from Refs. 1 and 2.

(@ Thermal decomposition of £:0,NO, in a glass reac-
tion chamber in the presence of differing initial
[NO,J/[NO] ratios at total pressures of 10-1000 mbar.
C,HsO,NO, was preparedn situ by the photolysis of
Cl,—CHg—0,—NO,—N, mixtures. GHsO,NO,, NO,, Preferred Values
and NO con(_:entrations were mpnitoreq by longpath ko= 1.3x 10-2° (T/300)" %2 [N
FTIR absorption and rate coefficient ratios for the re-
action of GHsO, with NO and NG were obtained.
The reported rate coefficient for,B;0,+NO, was de- o
rived using a rate coefficient of 810 *2cn®  Reliability
molecule's! for the reaction GHsO,+NO A logky==0.3 at 298 K.

—C,Hs:0+NO,. Falloff curves were constructed based An=*1.
on the theoretical analysis from Ref. 2.

(b) Rate coefficients for the f£:0,NO, dissociatioA =~ Comments on Preferred Values
were converted, using modeled equilibrium constants, The preferred values are an average of the data from Refs.
to recombination rate coefficients at 253 K. A theoret-1 and 2. The temperature dependence is from the theoretical
ical analysis of the falloff curves using.=0.31 and analysis of Ref. 2. Falloff extrapolations were made with
k,=7.5x10 2 cm®molecule's™? permitted ex- F.=0.31 at 250-300 K such as given from the theoretical
trapolation to the low-pressure rate coefficients. Theanalysis of Ref. 2.

,]cm® moleculets™t
over the temperature range 200—300 K.

High-pressure rate coefficients

Rate coefficient data

k.. /cn® molecule* st Temp./K Reference Technique/Comments
Relative Rate Coefficients

1.0x10 1 254 Elfers, Zabel, and Becker, 1990 (@
Reviews and Evaluations

7.5x10°12 200-300 Destriau and Troe, 1990 (b)

8.8x 10712 200-300 IUPAC, 1997 (c)
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Comments

See commenta) for kg .
See commen(b) for k, . k,, was estimated to be similar

311

Reliability
A log k,,==+0.3 over the temperature range 200—-300 K.

to the values ofk, for the recombination reactions Comments on Preferred Values

CCLO,+NO, and CC}FO,+NO,.2
See commen(c) for k.

Preferred Values

k=6.1x10 2 cm® molecule ' s7* at 298 K and 1 bar of
air.

k..=8.8x10 2 cm® molecule ' s7%, independent of tem-
perature over the range 200—-300 K.

See comments oky. The preferred values df, andk.,
are identical to those in our previous evaluation, IUPAC,
19973

References

1G. Elfers, F. Zabel, and K. H. Becker, Chem. Phys. L&8i8 14 (1990.
2M. Destriau and J. Troe, Int. J. Chem. Kingg, 915 (1990.

SIUPAC, Supplement V, 1997see references in Introductipn

4F. Zabel, A. Reimer, K. H. Becker, and E. H. Fink, J. Phys. Cheg.
5500(1989.

C2H502N02 + M- C2H502 + NOZ +M

AH°=67.7 kJmol™*

Low-pressure rate coefficients

Rate coefficient data

Ko/st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
4.8x10°* exp(—92851T) [N,] 245-273 Zabett al, 1989 FTIR (a)
Reviews and Evaluations
1.4x 10717 [N,] 298 IUPAC, 1997 (b)
4.8x 10" % exp(—92851) [N,] 250-300
Comments Reliability

(@

Unimolecular decay of ¢4:0,NO, followed at total

pressures ranging from 10 to 800 mbar. Falloff ex-

trapolation withF.=0.3.

of the dissociation and recombination data.

Preferred Values

ko=1.4x10"1"[N,]s ! at 298 K.
ko=4.8x10"* exp(—9285T) [N,] s ! over the tempera-
ture range 250-300 K.

A log ky==*+0.5 at 298 K.
A(E/R)==*=1000 K.

Based on theoretical evaluation of Destriau and Yroe Comments on Preferred Values

The dissociation data are consistent with experimental re-
combination data(see this evaluationand the theoretical
analysis from Ref. 1. Falloff curves are constructed VFth
=0.31 (over the range 250-300)K

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999
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High-pressure rate coefficients

Rate coefficient data

k./st Temp./K Reference Technique/Comments

Absolute Rate Coefficients
8.8 10 exp(—10440T1) 245-273 Zabeét al, 1989 FTIR (a)

Reviews and Evaluations

8.8x 10 exp(—10440T) 250-300 IUPAC, 1997 (b)
Comments A(E/R)=+1000 K.
(@ See commenta) for kg.
(b) See commentb) for k. Comments on Preferred Values
See comments oky. The preferred values &, andk.,
Preferred Values are identical to those in our previous evaluation, IUPAC,
19972

k=4.0 st at 298 K and 1 bar of air.
k,=5.4s!at 298 K.
k.=8.8x 10" exp(—10440T) s ! over the temperature References
range 250-300 K.
1F. Zabel, A. Reimer, K. H. Becker, and E. H. Fink, J. Phys. Chegy.

L 5500(1989.
Reliability 2|UPAC, Supplement V, 1997see references in Introduction
A log k,==*0.5 at 298 K. 3M. Destriau and J. Troe, Int. J. Chem. Kin&g, 915 (1990).

CH5C(0)0, + NO, + M — CH3C(0)O,NO, + M

AH°=-119 kImol*
Low-pressure rate coefficients

Rate coefficient data

Ko /e molecule* st Temp./K Reference Technique/Comments

Absolute Rate Coefficients
5.1x 10 2°[N,] 298 Basco and Parmar, 1987 FP-AS(a)
(2.7+1.5)x 10 28 (T/298) " [air] 248-393 Bridieret al, 1997 FP-AS (b)

Reviews and Evaluations

9.7x10°2° (T/300) >® [air] 200-300 NASA, 199¥ (c)
2.7x10728 (T/300) "1 [N,] 250-300 IUPAC, 1997 (d)
Comments crepancy with the data of Ref. 1 is attributed to an

. oversimplified kinetic scheme used in Ref. 1.
(@ Photolysis of G-~CH,CHO-0O-N, and NG at total (c) Based on the rate data of Bridieetal? using

pressures of 100-800 mbar. Extrapolation of falloff F.=0.6.

curve with theoretically modeled value B{=0.19. (d) Based on the rate data of Bridieetal? using
(b) The falloff curves were fitted using.= 0.30. The dis- F.=0.3.
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ko=2.7x10 28 (T/300)" "1 [N,] cm® molecule * s™* over
the temperature range 250-300 K.
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Preferred Values Comments on Preferred Values

The extensive and internally consistent study of
CH;C(O)OONGO, peroxyacetyl nitratéPAN) formation and
dissociation in Ref. 2 is preferred. Falloff extrapolations
were performed with a modeled value Bf=0.3.

Reliability
A log ky=*+0.4 at 298 K.
An=*2,
High-pressure rate coefficients
Rate coefficient data
k. /cm® molecule st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
6.1x 10712 298 Basco and Parmar, 1987 FP-AS(a)
(1.21+0.05)x 10" ** (T/298) ©° 248-393 Bridieret al, 1997 FP-AS (b)
(1.0+0.2)x 107 * (0.93 baf 295 Sehestedt al, 1998 PR-A (c)
Reviews and Evaluations
9.3x10 2 (T/300) *® 200-300 NASA, 199%7 (d)
1.2x 10 (T/300) % 250-300 IUPAC, 1997 (e
Comments Reliability
=+
(@ See commenta) for k. ir:igf"i +0.2 at 298 K.
(b) See commenth) for k. -
(c) CHyC(0O)O, radicals were generated from the pulse
radiolysis of CHCHO-0,—CO,—NO, and Comments on Preferred Values
CH;CHO-SR-0,—NO, mixtures and the disappear- See comments oky. The recent measurement of Se-
ance rate of N@monitored by absorption at 400.5 and hestedet al® is in excellent agreement with the recommen-
452 nm. dation. The preferred values &}, and k,, are identical to
(d) See commentc) for k. those in our previous evaluation, IUPAC, 1997.
(e) See commentd) for k. References

IN. Basco and S. S. Parmar, Int. J. Chem. Kirl&. 115 (1987).
Preferred Values 2|, Bridier, F. Caralp, H. Loirat, R. Lesclaux, B. Veyret, K. H. Becker, A.
Reimer, and F. Zabel, J. Phys. Che®b, 3594(1991).

k=1.0x10 * cm® molecule st at 298 K and 1 bar of °NASA Evaluation No. 12, 1997see references in Introductipn

4IUPAC, Supplement V, 1997see references in Introductijon

air. 5 : ;
_ _ 1 J. Sehested, L. K. Christensen, T. Mggelberg, O. J. Nielsen, T. J. Wall-
_ 11 0.9 11
k,=1.2x10 (T/300) cm® molecule *s™* over the ington, A. Guschin, J. J. Orlando, and G. S. Tyndall, J. Phys. Chem. A
temperature range 250-300 K. 102, 1779(1998.
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AH°=119 kJmol™*

ATKINSON ET AL.

Low-pressure rate coefficients

Rate coefficient data

kol/s™t Temp./K Reference Technigue/Comments
Absolute Rate Coefficients

(4.9+0.3)X10 3 exp(—121007) [N,] 300-330 Bridieret al, 1991 FTIR (a)

1.1X 10 2°[N,] 298
Reviews and Evaluations

4.2x 107! [air] 298 NASA, 1997 (b)

1.1X 10720 [N,] 298 IUPAC, 1997 (c)

4.9x10 2 exp(-121001) [N,] 300-330

Comments
(@ Rate of the thermal decomposition of gE{O)OONG,

ko=4.9x10" 3 exp(~12100M) [N,]s ! over the tem-

perature range 300—330 K.

(PAN) measured by FTIR absorption spectroscopy in

the presence of an excess of NO to scavenggGlH
radicals. Pressure range 10—790 mbar of Nalloff

curves were analyzed with.=0.30.
(b) Evaluated with the NASA rate coefficients, the equilib-
rium constanK ., andF.=0.6.
(c) Based on the data of Ref. 1 usikg=0.3.

Preferred Values

ko=1.1x10"2°[N,]s ! at 298 K.

Reliability
A log ky==*0.4 at 298 K.
A(E/R)==1000 K.

Comments on Preferred Values

The data base of Ref. 1 is large enough to allow for a
falloff extrapolation tokg, in part because falloff curves for
PAN dissociation and recombination were measured inde-
pendently. Falloff extrapolations were made with a modeled

value of F,=0.3.

High-pressure rate coefficients

Rate coefficient data

K./st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(3.3£0.2)x10°* 297 Niki et al, 1985 FTIR (a)
2.2x1074 298 Senum, Fajer, and Gaffney, 1986 FTIR (b)
2.52x 10'® exp(—13573T) 283-313 Tuazon, Carter, and Atkinson, 1991 FTIR (c)
4.2x10°* 298
(4.0 0.8)% 10 exp(—13600)1T] 300-330 Bridieret al, 1991 (d)
6.1x10 4 298
2.5x 10 exf —(14340Q+ 250)/T] 302-323 Roberts and Bertman, 1992 GC (¢)
3.2x10°4 298
3.1x1074 298 Roumelis and Glavas, 1992 GC ()
1.6x 10 exd — (13539 1060)/T] 288-298 Grosjean, Grosjean, and Williams, 1994 GC (9
3.0x10 4 298
Reviews and Evaluations
4.0<1074 298 NASA, 1997 (n)
3.8x10 4 298 IUPAC, 1997 (i)
5.4x 106 exp(—13830T) 300-330
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Comments Reliability

(@ Decay of CHCO;®NO, in the presence of'NO, at a i lg?Rk“:fgbza:é 298 K.
total pressure of 900 mbar of;N (E/R)== '
(b) Decay of CHCO;NO, in the presence of NO at a total
pressure of 16 mbar. Comments on Preferred Values
(c) Thermal decomposition of PAN in an environmental The reported values from Refs. 7-9 are in very good

chamber in the presence of 970 mbar of synthetic air oRgreement at 298 K but are a factor of two smaller than our
N,. 1992 recommendatidfbased on the data of Bridiet al®

(d) See commenta) for k. The preferred values attempt to reconcile all measurements.

(e) Thermal decomposition of PAN at 1 bar total pressure.The direct PAN decompositions to methyl nitrate and
PAN concentrations were measured by GC with elecCO>**or to CHCO, and NG (Ref. 11) are very slow com-
tron capture detection. pared to the decomposition to GEO;+NO.,.

(f) Thermal decomposition of PAN inJ\as well as in the
presence of @ NO,, and NO at 1 bar total pressure.

The products methyl nitrate and N@ PAN—N, mix-

tures were measured by GC. In the presence of large

amounts of @, no methyl nitrate was formed at 333 K, References

indicating that the decomposition of PAN to methyl

nitrate and C@does not occur. The data obtained were 1. gridier, F. Caralp, H. Loirat, R. Lesclaux, B. Veyret, K. H. Becker, A.
simulated with 23 reactions. Zﬁiig]Ae ré\?e?lﬂaii.oiasslyfé Plthfsggﬁéfgr?jéi?r? ?ﬁtroductmn

(g) Thermal decomposmon .Of PAN in 1 bar of air, PAN 3JUPAC, Supplement V 1§9Vsee references in Introductipn
was measured by GC with electron capture detection. “H. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, Int. J. Chem.

(h) See commenth) for k. Kinet. 17, 525(1985.

(i) Based on the rate data reported in Refs. 1 and 6—-9. °G. . Senum, R. Fajer, and J. S. Gaffney, J. Phys. Cl#n152(1986.
8E. C. Tuazon, W. P. L. Carter, and R. Atkinson, J. Phys. Cta5n2434

(1991.
Preferred Values 7J. M. Roberts and S. B. Bertman, Int. J. Chem. Kir2et. 297 (1992.
8N. Roumelis and S. Glavas, Monatsh. Chei#3 63 (1992.
k=3.3x10"* st at 298 K and 1 bar of air. D. Grosjean, E. Grosjean, and E. L. Williams II, J. Air Waste Manage.
k,=3.8x10 * s ! at 298 K. Assoc.44, 391 (1994.

0JUPAC, Supplement IV, 1992see references in Introductipn
_ 6 —1 ! ’
k..=5.4x 10'® exp(~13830T) s™* over the temperature 1 ; Orlando, G. S. Tyndall, and J. G. Calvert, Atmos. Envigs, 3111

range 300—330 K. (1992.

C2H5C(O)02N02 +M— C2H5C(O)02 + N02 +M
High-pressure rate coefficients

Rate coefficient data

k, /st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
2% 10" exp(—12800T) 300-315 Mineshos and Glavas, 1991 (@
4.4x10°* 298
Reviews and Evaluations
2X 10" exp(—12800T) 300-315 IUPAC, 1997 (b)
Comments thyl nitrate were analyzed by GC at 323 K. In the pres-
. . . ence of NO, ethyl nitrate was the major product ob-
(@ Thermal decomposition of peroxypropionyl nitrate served

(PPN in a 4.5 L glass flask in the presence of 1 bar

N,. PPN and the products ethyl nitrate, j@nd me- (b)  See Comments on Preferred Values.
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k=4.0x10"* s ! at 298 K and 1 bar of air.

ATKINSON ET AL.

Preferred Values Comments on Preferred Values
The values from the only reported study of this reaction by
Mineshos and Glavasre recommended here.

k,=4.4x10* s ! at 298 K.
k., =2Xx10Y exp(—12800T) s'* over the temperature
range 300—-315 K.

References
Reliability
A logk,==*0.4 at 298 K. LG. Mineshos and S. Glavas, React. Kinet. Catal. 145£.305 (1991).
A(E/R)==*=1000 K. 2|UPAC, Supplement V, 1997see references in Introductipon

CH302 + N03 — CH3O + N02 + 02 (1)

— other products (2)

AH°(1)=-33.7 kdmol™*

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

k/cm® molecule*s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(1.0+0.6)x 10712 298 Biggset al, 19942 DF-LIF/AS (a)
(1.2+0.6)x 1012 298 Dade et al, 1995 DF-LIF/MS (b)
(1.3£0.2)x 10712 298 Helleis, Moortgat, and Crowley, 1996 DF-MS (c)
Branching Ratios
ki /k>0.9 298 Kukui, Jungkamp, and Schindler, 1895 DF-LIF/MS (d)
Reviews and Evaluations
See comment IUPAC, 1987 ()
Comments Preferred Values
(@ CH30 product of reactiol) measured by LIF; N@ k=1.3X10 2 cm® molecule 1 s 1 at 298 K.

(b)

(©

(d)

(e)

by visible absorption spectroscopy. PressiBeé k,/k=0 at 298 K.
mbar. Modeling of CHO time-dependence gave
k/k(CH3;0+NO3)=0.43+0.09. k calculated with
k(CH30+NO3)=(2.3+0.7)x10 *?cm® molecule * s*
obtained in a similar study in the same apparatus.
CH3;O measured by LIF; N@by titration with 2,3-

dimethylbutene. The rate coefficient was extracted bycOmments on Preferred Values . _
numerical simulation from the C}d+NO; reactant None of the experimental studies for this reaction can be

system. described as definitive. In the flow system method which has
CD;0, decay measured in excess N@ was derived been universally used, a quasi-equilibrium betweers@H

assuming reaction proceeds by char{@gbnly. D sub- and CHO radicals is established and concentrations and de-
stitution considered to have negligible influencelon cay kinetics are influenced by reactions of both radicals. The

Based on observations of DCDO formation from theratio k, /k(CH30+NO3) should be well determined but val-

2 3 ;
CD30+NO; reaction and the relative rates of reactionsY€S of 0.43, 0.667 0.30; an.d 1.(31(Ref. 4 were obFamed.
of CD;0 and CRO, with NOs, The method used by Helleist al.* to determinek; is the

In our previous evaluatioh,no recommendation was most cﬁrect. Their analysis conS|ders all of the aya|lat_>le in-
formation on the secondary chemistry and their vélise

made on the basis of the earlier molecular modulation . ! .
7 - recommended with wide error limits. The value reported by
study of Crowleyet al.” which gave a very indirect

H 5 — — 12 ;11
determination ok=2.3x 10" 2 cné molecule 1s Lar  Kukul etal’ [k=(3.1+0.5)x10 ot molecule *s 7]
208 K differs substantially from those of Refs. 1-4 and was not
' included in the evaluation of the rate coefficient. Their work

Reliability
A logk==*0.3 at 298 K.
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suggests channe{l) is the predominant pathway, with 3V.Daele, G. Laverdet, G. Le Bras, and G. Poulet, J. Phys. CB8m.470
k,/k<0.10. (1995.
4F. Helleis, G. K. Moortgat, and J. N. Crowley, J. Phys. Ch&00, 17846
(1996.
SA. S. Kukui, T. P. W. Jungkamp, and R. N. Schindler, Ber. Bunsenges.
N ) Phys. Chem99, 1565(1995.
P. Biggs, C. E. Canosa-Mas, J.-M. Fracheboud, D. E. Shallcross, and R. RiIUPAC, Supplement V, 1997see references in Introductipn

Wayne, J. Chem. Soc. Faraday Tra®8. 1205(1994). 73 N. Crowlev. J. P. B G. K. Moortaat. G. Poulet. and G. Le B
2p. Biggs, C. E. Canosa-Mas, J.-M. Fracheboud, D. E. Shallcross, and R. P'Iﬁt J (;?1Vevne1y’Kir.1et.25u;r§(;;v(51’99$ - Moortgat, . Foulet, and . Le Bras,

Wayne, J. Chem. Soc. Faraday Tra®8. 1197(1994).

References

C2H502+ N03—>C2H50+ N02+02 (1)

—other products (2)

AH°(1)=-27.3 kJmol !

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

k/cm® molecule * s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(2.5+1.5)x10 12 298 K Biggset al, 1995 DF-LIF/MS
(2.3+0.5)x 1012 298 K Rayet al, 1996 DF-LIF/MS
Comments Comments on Preferred Values

Both studies of this reaction used basically the same tech-
nique and gave similar resuft$. Extraction of values fok
relies on modeling of the reaction system because radical
concentrations are controlled by coupling between the
C,HsO,+NO;3 reaction and the reaction of the product
C,H;O with NO; which regenerates #£:0,. The study of
Rayet al2 gave better defineklvalues and is the basis of the
recommendation. Channél) is most important, and Biggs
et al! suggest thak, /k=0.8.

(@ LIF detection of GHs0. Detection of NQ by absorp-
tion spectroscopy at 662 nrk.was derived by model-
ing the kinetics of GH;O,+NO5 in systems using
C,H;+0, and GHsO+NO; to generate @HsO.,.
Pressure2.9 mbar of He.

(b) LIF detection of GHsO. MS detection of N@ k was
derived from a model simulation of system using
C,H:s0; as initial reactant, with N@in excess.

Preferred Values
References
k=2.3x10 2 cm®* molecule *s! at 298 K.
1p. Biggs, C. E. Canosa-Mas, J.-M. Fracheboud, D. E. Shallcross, and R. P.
L Wayne, J. Chem. Soc. Faraday Tra®s. 817 (19995.
Reliability 2A. Ray, V. Dade, |. Vassalli, G. Poulet, and G. LeBras, J. Phys. Chem.
A logk=+0.2 at 298 K. 100, 5737(1996.
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CH302 + CH302 — CH3OH + HCHO + 02
— 2CH3O + 02

—_— CH300CH3 + 02

AH°(1)=—333.1 kdmol™*
AH°(2)=13.6 kmol !
AH°(3)=—146.5 kJmol !

(1
(2)
(3)

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

k/cm® molecule * st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(5.2+0.9)x10™ = 298 Cox and Tyndall, 1980 MM-UVAS (a,b
(3.7£0.7)x10° 13 298 Sander and Watson, 1980 FP-UVAS (a,0
1.40x 10713 exf (223+ 41)/T] 250-420 Sander and Watson, 1981 FP-UVAS (a,d
(3.0+0.5)x107 13 298
(4.4+1.0)x10713 298 McAdam, Veyret, and Lesclaux, 1987 FP-UVAS (a,®
1.3x 107 exd (220+70/T) ] 228-380 Kurylo and Wallington, 1987 FP-UVAS (a,f)
(2.7+0.45)x 10" 3 298
(3.5+0.5)x10 12 298 Jenkiret al, 1988 MM-UVAS (a,g
(3.6+0.55)x 10" %3 300 Simon, Schneider, and Moortgat, 1990 MM-UVAS (a,h
1.3x 10 3 exp(365T) 248-573 Lightfoot, Lesclaux, and Veyret, 1§90 FP-UVAS (a,i)
(4.1+0.9)x10713 300
Branching Ratios
ko /k=1K1+exd(1131+30)/T]/(19+5)} 223-333 Horie, Crowley, and Moortgat, 1990 ()
k, /k=0.30 298
k,/k=0.41+0.04 296 Tyndall, Wallington, and Ball, 1998 (k)
k4 /k<0.06 296 Tyndall, Wallington, and Ball, 1998 (k)
Reviews and Evaluations
2.5x 1073 exp(1907) 200-300 NASA, 199% 0
1.1X 10" 3 exp(365T) 200-400 IUPAC, 199 (m)
Comments (e) Photolysis of CJ in the presence of CHand G over

(a

(b)

(©

(d)

k is defined by— d[CH;O,/dt=2k[ CH;0,]? and was
derived from the measured overall second-order decay
of CH;0, radicals k,,9 by correcting for secondary
removal of CHO, radicals.

CH;O, by absorption at 250 nm in photolysis of ()
Cl,—CH,—O, mixtures. k/o (250 nm=1.33x10° cm

s !, 0=3.9x10 8 cn? molecule t st at 250 nm.
Photolysis of (CH3),N,+0O, and Ch+CH,+0O, mix-
tures. CHO, by long path UV absorption.k/o
=(1.06-0.07)x10° cms ! at 245 nm and (2.84
+0.36)x10° cms ! at 270 nm. Value quoted is a
mean value usingr values obtained by Hochanadel
et all® Small effects of varying @ and adding CO
were reported.

Photolysis of CJ+CH,;+0O, mixtures. o determined
from absorption att=0 extrapolated from decay
curves and estimate ofCH;0,], from change in
Cl, concentration in flash. ¢(250 nm=(2.5
+0.4)x10* cn? molecule * at 298 K.k/o(250 nm)
=(5.6+0.8)x 10" ex{{(223+41)/T] cms* (250—
420 K).

(¢)

(h)

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999

the pressure range 169-530 mb@dR0-400 Tory.
[CH;0,] monitored by UV absorption. Kqpe/
o(250 nmM=1.34x10°cms ! and (250 nm=4.4
%1018 cn? molecule !, k,po/k taken to be 1.35.
Photolysis of CJ in the presence of CHO,—N, mix-
tures at pressures between 67 and 530 n¢b@rand
400 Torp. Kope=(1.7+0.4)x 1073 exd (220+ 70)/T]
cnt molecule * s71 determined from measured values
of Kkgps/0(250) by taking o(250)=3.30x 10 '8
cn? molecule * as previously determined by the same
authors. Here we have takég,/k=1.35 to calculate
k, kops Shown to be independent of pressuéy—530
mbap at 298 K.

Photolysis of CJ in the presence of CHO, mixtures
at a total pressure of 1 bakyps/o(250)=1.11x 10°
cms? and (250 nm=(4.25+0.5%x10 8cn?
molecule ! leading to K= (4.7+0.5)x 10" 3 cn?®
molecule ' s™1. Above value ofk obtained by taking
Ko/ k=1.35 to allow for secondary removal of
CH30,.

Photolysis of CJ in the presence of CHO, mixtures



(i)
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at pressures of 320 mb#&240 Torp. Ky,s/ (250 nm)
=1.16x10° cm s ! and (250 nm=4.14x10" 8 cn?
molecule?, leading to k<= (4.8+0.5)x 103 cm®
molecule * s™1. The cited value ok was obtained by
taking ko,s/k=1.35 to allow for secondary removal of
CH30,.

Photolysis of C} in the presence of CHO,—N, mix-
tures over the pressure range 270-930 niB@o—700
Torr). CH;0, radicals were monitored by UV absorp-
tion, with Ko,/ 0(210—-260 nmi=1.17x10° cm s * and
(250 mm=4.8x10"* cn? molecule . ko, /k taken
to be 1.35. At temperatures373 K, the second-order
decays of CHO, were affected by H@radical reac-

319

ratio of k,/k=0.30 at 298 K, obtained from the expression
ko /k=141+[exp(1131T)/19]} yields the slightly revised
value ofk at 298 K listed above.

The temperature dependence lofeported by Lightfoot
et al® is in excellent agreement with the studies of Sander
and Watsori,Kurylo and Wallingtort, and Jenkin and Co¥
Here we have recommended tlE&R value of Lightfoot
etal® on the basis of their more extensive temperature
range, and the temperature-dependent branching katio
The recommended Arrhenius equation follows from the rec-
ommended values &,qs andE/R.

The two studie®® of the temperature dependence of the
branching ratio involve different temperature ranges. Here

tions. The branching ratio was obtained from the effectwe have selected the results of Hogeal® over the more

of HO, on the CHO, decays.

Study of the photooxidation of CH initiated by ClI
atoms generated from £lin a slow-flow system under
steady-state illumination. Analysis of HCHO, gbH,
and HCOOH products by FTIR spectroscopy.
Photolysis of CHN,CH;—0O, and Cb—CH,—O, mix-

atmospherically relevant temperature range of 200—330 K in
calculating the recommended value lof. This is derived
from the temperature-dependent valuekefk® and our rec-
ommended Arrhenius equation fkr

It should be noted that, from an analysis of their own Hata
together with the results of Lightfoet al.® Anastaskt al.*®

tures, with analyses of reactants and products by FTIRKan et al,'® Parkes.’ Niki et al.'® and Weaveet al.'° the

spectroscopy.

k,9s Was based on the data of Cox and Tynd&@kander
and Watsorf, McAdam etal,* Kurylo and
Wallington? Jenkin et al.® Lightfoot et al.® and Si-

equationk,/k=1/1+[exp(13307)]/33} was obtained by

Horie et al® for the more extensive temperature range 223—
573 K. This equation shows slight non-Arrhenius behavior.
Lightfoot et al® observed no pressure dependence of the

mon et al.” E/R was derived from the data of Sander branching ratiok,/k, over the range 0.28—1 bar.

and Watsori, Kurylo and Wallingtort Lightfoot
et al,® and Jenkin and Co¥

(m) See Comments on Preferred Values.

Preferred Values

k=3.7x10 1 cm® molecule * s™* at 298 K.
k=1.1x10 2 exp(365T) cm® molecule*s™! over the

temperature range 200—400 K.

k,=1.1x10 * cm® molecule * st at 298 K.

k,=5.9x 10 2 exp(—509/T) cm® molecule st  over

the temperature range 220-330 K.

Reliability

A logk=%0.12 at 298 K.
A(E/R)==200 K.

A log k,=+0.15 at 298 K.
A(E,/R)==*=300 K.

Comments on Preferred Values
_ There have been no new rate coefficient data and our prezjypac, supplement V, 1997see references in Introductipn

vious recommendatidf still stands. Here we largely repeat 3C. J. Hochanadel, J. A. Ghormley, J. W. Boyle, and P. J. Ogren, J. Phys.
the comments of our last evaluation.

The room temperature measurementkgf/o of Refs.

References
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CH302 + Cch(O)OZ — CHgo + CchOZ + 02 (1)

— CHCOOH + HCHO + 0,  (2)

AH°(1)=—29 k3mol?*
AH°(2)=-379 kmol™*

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

k/cm® molecule* s7* Temp./K Reference Technique/Comments
Absolute Rate Coefficients

k,=(8.8+1.5)x 10 12 298 Roehl, Bauer, and Moortgat, 1996 PLP-UVAS (a)

k,=(1.0+0.5)x 10" *? 298

8.5x 107 1% exd (726+ 25)/T] 209-358 Maricq and Szente, 1996 PLP-UVAS (b)

(1.0+0.2)x10 11 298

(8.2+0.6)x 10712 298 Villenave and Lesclaux, 1996 FP-UVAS (c)
Reviews and Evaluations

1.3xX 10" *? exp(6401) 249-367 NASA, 1997 (d)

5.1x 10 12 exp(272T) 250-370 IUPAC, 1997 (e)

Comments Comments on Preferred Values
. . The rate constants measured in the three recent sttidies,

(@ Acetyl peroxy radicals were produced from photolysis

(b)

(©)

of Cl—CH,CHO—0, mixtures. CHO, radicals were which used UV kinetic spectroscopy with similar values of

produced as secondary products, or through adde
CH,. k depends onr(CH3C(0)0,), for which values

of 3.21x10 *® cn? molecule! at 240 nm and 6.67

X 10~ 8 cn? molecule* at 207 nm were obtained,
relative to the UV spectrum of £:0, [ (240 nm)
=4.36x10 8 cn? molecule 1].

As (@) but with UV spectra recorded on gated diode-
array spectrometer.c(CH;C(0)0,)=6.5x10 8 cn?
molecule* at 206 nm and 2210 * cn? mole-
cule! at 250 nm. Channel2) was concluded to be
dominant over the entire 209-358 K temperature
range, based on HCHO formation kinetics.

CH30, radicals were generated simultaneously with
CH3C(O)O, radicals from the flash photolysis of
Cl,—CH;CHO-CH,—0O, mixtures. For analysis, the
branching ratiax(=k; /k) was assumed to be 0.65 but
k was found to vary by less than 15% upon varying
between 0.5 and 1.0. Overall uncertainty was estimate
to be 42% from error propagation analysis.

H1e relevant absorption cross sections, are in good agree-
ment. The preferred value at 298 K is a weighted mean of the
values of Roehkt al,' Maricq and Szenté,and Villenave

and LesclauxX. The temperature dependence is a simple av-

erage of the values reported by Moortgatal® and Maricq

and Szenté.

The new recommendation is only slightly lower than our
previous IUPAC recommendatidmvhich was based on the
work of Moortgatet al® Lightfoot et al’ in their review
point out that the Moortgagt al® value is probably~20%
higher because of the use of cross-sections which were
higher than consensus values.

No recommendation is given for the branching ratio. Horie
and Moortgat report k,/k=6.1x10"® exp(2990T) over
the temperature range 263-333 K, whereas Maricq and
Szente present evidence thHgt dominates over the entire
temperature range 210—-350 K. More work is required to re-
3olve this discrepancy.

(d) Based on the work of Moortgat al® and Maricq and
Szenté
(e) Based on the work of Moortgat al® References
1C. M. Roehl, D. Bauer, and C. K. Moortgat, J. Phys. Chd®0, 4038
Preferred Values (1996.
2M. M. Maricq and J. J. Szente, J. Phys. Chdii0, 4507 (1996.
_ —12 11 '
k=9.5x10"'? cm® molecule ' s™* at 298 K. 3E. Villenave and R. Lesclaux, J. Phys. Chetf0, 14372(1996.
=1. | cex cm® molecule s+ over the NASA Evaluation No. 12, 1997see references in Introduction
k=1.8x10 12 exp(5001) cn molecule*s?! th 4 | Tsee ref ductio
temperature range 200—350 K. ®JUPAC, Supplement V, 1997see references in Introduction

k,/k=no recommendation.

6G. K. Moortgat, B. Veyret, and R. Lesclaux, J. Phys. Ch@3). 2362
(1989.
’P. D. Lightfoot, R. A. Cox, J. N. Crowley, M. Destriau, G. D. Hayman, M.

Reliability Figg;nkin, G. K. Moortgat, and F. Zabel, Atmos. Envir@sA, 1805
A logk==0.15 at 298 K. 80. Horie and G. K. Moortgat, J. Chem. Soc. Faraday Tr&8s.3305
A(E/R)=*250 K. (1992.
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CH30, + CH3COCH,0, — CH;0H + CHsCOCHO + O, (1)
— HCHO + CH3;COCH,OH + 0,  (2)

— CH30 + CH3;COCH,0 + O, (3)

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

k/cm® moleculet st Temp./K Reference Comments
Absolute Rate Coefficients
(3.8+0.4)x 10712 298 Bridieret al, 1993 FP-UVA (a)
Branching Ratios
k; /k=0.5+0.1 298 Jenkiret al, 1993 (b)
k,/k=0.2+0.1 298
ks/k=0.3+0.1 298 Bridieret al, 1993 (©)
Reviews and Evaluations
3.8x10 12 298 IUPAC, 1997 (d)
Comments Reliability

(a

(b)

©)

A log k=%0.3 at 298 K.

The total pressure was 1 bar. The overall rate coeffi- A (K, 1K) = A(Ky 1K) = A (kg /) = = 0.15 at 298 K.

cient k was derived from a kinetic analysis of
absorption-time profiles measured at 230 and 260 nm.
Steady-state photolysis of Llin the presence of Comments on Preferred Values

CH;COCH;—N, mixtures at a total pressure of 930 There have been no new measurements since our previous
mbar (700 Torp. Branching ratios were deduced from IUPAC evaluatiorf"’. The preferred values of the rate coeffi-
measurements of HCHO and @EOCHO products by ~ cient and branching ratios are based on the measurements of
long-path FTIR spectroscopy and long-path ultraviolet-Bridier et all and Jenkinet al,? and require independent
visible (UV-VIS) diode-array spectroscopy. confirmation to reduce the assigned error limits. The pre-
Derived from a kinetic analysis of the time-profiles ob- ferred values are identical to those in our previous evalua-
tained in the experiments described in Commignt tion, IUPAC, 1997

(d) Based on the results of Bridiet alt
Preferred Values References
k=3.8<10*? cm® molecule ' s™* at 298 K. 1|O.I Briier I?S.nggg;t,( ll;.gléesclaux, and M. E. Jenkin, J. Chem. Soc. Fara-
= ay Trans89, .
::1;::_82 Z: ;gg i 2M. E. Jenkin, R. A. Cox, M. Emrich, and G. K. Moortgat, J. Chem. Soc.
2/k=0. .

Faraday Trans39, 2983(1993.

ks;/k=0.3 at 298 K. 3|UPAC, Supplement V, 1997see references in Introduction
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— 2HOCH,0 + O, (2)

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

k/cm® molecule *s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

k,;=5.65x 10~ 14 ex{ (750 400)/T] 275-323 Veyreet al, 1989 (a,b

ky=(7.0+2.1)x10 295

k,=(5.6+2.8)x 10713 298 Burrowset al, 198F (a,09
Relative Rate Coefficients

k,=(5.5+1.1)x 10" *? 298 Burrowset al, 1989 (a,9
Reviews and Evaluations

k,;=5.7x 10" exp(750T) 275-325 IUPAC, 1997 (d)

k,=5.5x10 12 298

Comments Reliability

A log k;=%+0.3 at 298 K.
A(E{/R)==750 K.
A log k,=+0.3 at 298 K.

(@ kis defined by— d[HOCH,O,]dt =2k HOCH,0,].?

(b) Flash photolysis of Glin the presence of HCHO or
CH;OH and Q, with time-resolved absorption spec-
troscopy for the detection of HCand HOCHO, radi-
cals. The rate coefficierit; was obtained from a com- Comments on Preferred Values
puter fit of the absorption profiles of HOGH, The parallel studies of Veyratt al! and Burrowset al?
radicals at 250 nm. Channé?) leads to the regenera- confirm that the interaction of HOGI, radicals involves
tion of HO, radicals and was thus not observable in thistwo channels. The two repott$of the rate coefficienk; at
system. room temperature are in good agreement, and indicate that

(c) Molecular modulation study of GFHCHO-G, mix-  this channel is a factor of-3—4 faster than the analogous
tures with diode laser infrared Spectroscopy for the dejnteraction of CHOZ radicals. The rate Coefficiek§ is even
tection of HQ radicals and UV spectroscopy for higher thark,, with a value~50 times that of the analogous

HOCH,0, radicals. The rate coefficierit, was ob-  reaction of CHO, radicals. The preferred values are identi-
tained from a computer simulation of quantum yieldscal to those in our previous evaluation, IUPAC, 199Zon-

for HCOOH formation. firmation of the temperature coefficient kf is needed, as
(d) See Comments on Preferred Values. well as a determination of the temperature coefficieritof
Preferred Values References
k;=7.0x10"* cm® molecule * st at 298 K. 1B. Veyret, R. Lesclaux, M.-T. Rayez, J.-C. Rayez, R. A. Cox, and G. K.

— — 14 11 Moortgat, J. Phys. Chen®3, 2368(1989.
K1=5.7X10 exp(750f) e’ molecule ™ s~ over the 2J. P. Burrows, G. K. Moortgat, G. S. Tyndall, R. A. Cox, M. E. Jenkin, G.

temperature range 270-330 K. D. Hayman, and B. Veyret, J. Phys. Ched, 2375(1989.
k,=5.5x10 2 cm® molecule 1 s™* at 298 K. 3|UPAC, Supplement V, 1997see references in Introduction
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C2H502 + C2H502 ad C2H50H + CH3CHO + 02 (1)

— 2C2H5O + 02

b d C2H5OOC2H5 + Oz

AH°(1)=—343.2 kmol™*
AH°(2)=26.4 kmol !

(2)
(3)

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

k/cm® molecule * s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(1.0+0.1)x 10713 298 Adachi, Basco, and James, 1979 FP-UVA (a,b
2.7X10° 13 exp(—470T) 302-373 Anastasi, Waddington, and Woolley, 1983 MM-UVA (a,0
5.6x10 4 298
8.1x 10+ 266-348 Cattelet al, 1986 MM-UVA (a,d
8.5x 10" 1% exd —(110+ 40)/T] 228-380 Wallington, Dagaut, and Kurylo, 1988 FP-UVA (a,®
5.9x10 4 298
6.7X 10" 1% exd (60+40)/T] 248-460 Fenteet al, 1993 FP-UVA (a,f)
(7.9+0.5)x10 298
6.7x10° 14 298 Bauer, Crowley, and Moortgat, 1992 MM-UVA (a,9
(7.3x2.4)x10" 295 Atkinson and Hudgens, 1997 PLP-UVA (a,h
Branching Ratios
k, /k,=0.76 298 Nikiet al, 1982 0
k, /k,=0.60 298 Anastasi, Waddington, and Woolley, 1983 (@]
kq /k,=0.49 298 Wallingtoret al,, 1989 ()
Reviews and Evaluations
6.8x 10" 200-300 NASA, 199% (k)
6.4x10 4 250-450 IUPAC, 199% 0]
Comments (f) Flash  photolysis—UV  absorption  study  of
. . Cl,—C,Hg—0O,—N, mixtures at 1 bar total pressure.
@ Kis defined by— d[C,H<0,]/dt = 2k[ C,H<0,]2 and ob- 2~CoHe—0 Ny P

(©

(d)

(e)

tained from the overall decay constaky,s corrected

for secondary removal of £150, radicals.

k determined by simulation of £1;0, radical decay
using complex mechanism accounting for secondary
removal of GHsO, radicals.

Photolysis of(C,Hs),N, in the presence of O(7—200 )
mbap and N, (550-730 mbar k/o(240 nm) and
(240 nm found to be temperature dependent. Branch-
ing ratios determined from analysis of products
C,HsOH and CHCHO by GC. The data cited are de-
rived from the rate coefficientg; and k, given in
Table 6 of Anastasét al?

Photolysis of CJ-CHg—O,—N, mixtures. Pressure
=3-1000 mbar. kqps/ (260 Nnm=(4.07+0.04x10* (h)
cms?! and (260 nm=(3.20+0.38x10 *¥cn?
molecule ! leading tok,pe=(1.30+0.16)x 10" 3 cm®
molecule *s . Cited value ofk obtained by taking
Kops/k=1.6.

Kops= (1.41+0.19)x 10" B exd —(110+40)/T] cm® (i)
molecule*s ! based on temperature independent
value  of (250 nmM=(3.89+0.549x10 Bc?  (j)
molecule * and ks k=1.66.

Rate coefficients were derived from simultaneous com-
puter analyses of several decay curves collected at dif-
ferent wavelengths. The value &f,—=(1.40+0.11)

X 10713 exd —(20+40)/T] cn® molecule *s™*  was
corrected at each temperature by dividing by+(d),
wherea= B/(1+ B) and 8=10.2 exp{-533).
Molecular modulation study. {£1;0, radicals were
generated from the photolysis of flowing mixtures of
Cl,—C,Hg—0O,—N, at a total pressure of 133 mbdr00
Torr) and monitored by absorption at 210 and 330 nm.
Values ofk/o were determined at 220, 250, and 280
nm, leading toky,e=1.1X10 3 cm® molecule * s 1.
The cited value of k was calculated taking
k,/k=0.65.

Photolysis of CJ-C,Hg—O,—Ar mixtures at (7.3
+1.0) mbar total pressure with,8:50, radicals being
monitored by UV cavity ring-down spectroscopy at
265 and 270 nm. The measured valuekgf; was cor-
rected for secondary reactions by takings/k=1.7.
Products CHCHO, GHsOH, and GHsOOH moni-
tored by FTIR.

Photolysis of CJ—C,Hg mixtures in 930 mbar700
Torr) air. Products monitored by FTIR.
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(k) koggwas calculated from the medq,s value from the
studies of Cattellet al,’> Wallington et al,* Bauer
et al,® and Fenteet al.® and corrected for secondary
removal of GHsO, radicals by the use df,/k=0.6.
E/R was from the studies of Anastast al.? Cattell
et al,® Wallington et al,* Bauer etal,® and Fenter
et al®

See Comments on Preferred Values.

U]

Preferred Values

k=6.4x10 * cm® molecule ' s71, independent of tem-
perature over the range 250-450 K.
k,/k=0.62 at 298 K.

Reliability
A logk=+0.12 at 298 K.
A(E/R)= 130 K.
A(ky/k)=+0.1 at 298 K.

Comments on Preferred Values

ATKINSON ET AL.

reported in most of these studies, together with the relatively
large associated error limits, we have selected a temperature-
independent rate coefficiektbased ork,gg. Thus, from the
data of Adachiet al,! Anastasiet al,? Cattell et al,® Wall-
ington et al.* Baueret al,® and Fenteret al.® the average
value of kype=1.03<10 23 cm® molecule*s™* at 298 K.
Taking k,/k=0.62 at 298 K(the mean of the data of Niki
et al,® Anastaskt al,? and Wallingtoret al®) yields the rec-
ommended value 0k,gg=6.4x10 4 cm?® moleculets™%
The data of Wallingtoret al® show thatk;/k=<0.06. The
rate coefficient of Atkinson and Hudgéenis in agreement
with the recommendation.

The temperature dependence of the branching ratio re-
ported by Anastasit al? still requires confirmation.

References
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agrees with the earlier data of Cattetlal® (E/R=0 K) but
less well with those of Anastast al? (E/R=470 K), Wall-
ington etal® (E/R=110K) or Bauer etal® (E/R

8H. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, J. Phys.
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Kinet. 21, 1077(1989.

1ONASA Evaluation No. 11, 1994see references in Introductipn

=—230 K). In view of the small temperature coefficients 1lUPAC, Supplement V, 1997see references in Introductijon

C2H502 + CH3C(O)02 — Cszo + CH3C02 + 02

AH°(1)=—22.0 kJmol™*
AH°(2)=-397.1 kJmol™*

(1)
(2)

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

k/cm® moleculet st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(1.0£0.3)x10™ 11 298 Villenave and Lesclaux, 1996 FP-UVAS
Comments Preferred Values

(@ Flash photolysis of G-C,Hg—CH;CHO—-G0; mixtures.

CH;C(0O)O, and GHs0, radical concentrations were

determined by fitting absorption-time data at 207 and
240 nm, using cross-sections recommended in Light

foot etal? Complex reaction mechanism with

a.(=k;/k) assumed to be 0.82. The overall uncer-

tainty was estimated as 54%.
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k=1.0x10 1 cm®* molecule 1 st at 298 K.

Reliability
A logk=+0.5 at 298 K.
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Comments on Preferred Values References
The preferred value is based on the only reported experi-
mental study made using a well-established technique. Th‘?E vil 4 R, Lesclaux, J. Phys. Cheroa, 14372(1998
. . Villenave an . Lesclaux, J. yS. .
recommended uncertalnty refllects t.h.e need to accoqn't fo;P. D. Lightfoot, R. A. Cox, J. N, Crowley, M. Destriau, G. D. Hayman, M.
complex secondary chemistry in deriving the rate coefficient E. Jenkin, G. K. Moortgat, and F. Zabel, Atmos. Envir@gA, 1805

and deconvolution of overlapping UV spectra. (1992.

CH3;0CH,0, + CHz0CH,0, — CH;OCH,OH + CH;OCHO + 0, (1)

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

k/cm® moleculel st Temp./K Reference Comments
Absolute Rate Coefficients
(2.1+0.3)x10 12 298 Jenkiret al, 1993 (a,b
Branching Ratios
k,/k=0.67+0.11 295 Jenkiret al, 1993 (©
k,/k=0.67+0.13 298 Jenkiret al, 1993 (d)
Reviews and Evaluations
2.1x10 12 298 IUPAC, 1997 )
Comments Preferred Values
(@ k is defined by  —d[CH;OCH,0,)/dt k=2.1x10 *? cm® molecule * s~ ! at 298 K.

=2k[CH;OCH,0,> and has been derived from the k,/k=0.67 at 298 K.
measured overall second-order decay of;O8H,0,

radicals Kqpg - Reliability

(b) Molecular modulation study of G+CH;OCH;—0O,—N, A logk=+0.3 at 298 K.
mixtures together with a pulse radiolysis study of A(k,/k)==*=0.1at 298 K.
SK—CH;OCH;—0, mixtures.kq,s was found to be de-

pendent on the total pressui23—1013 mbarand on  Comments on Preferred Values

the composition of the reaction mixture. On the basis The apparent effect of total pressurelgithe first reported

of a mechanism involving the generation of H atomsfor this type of reactiori,has been shown to be an artifact by
via the reaction CEDCH,O+M—CH;OCHO+H+M, the more recent experiments of Jenkinal® This compre-

it was possib|e to derive the above pressurehenSive StUdy, on which the recommendation is based, has
independent value df. shown that the pressure effect was due to secondary chem-

(¢) FTIR spectroscopic study of the steady-state photolysi$Stry_involving H atoms which arise from the reaction
of Cl, in the presence of CY¥DCH,—O,—N, mixtures CH;0CH,0+M—CH;OCHO+H+M. A kinetic analysis of

over the total pressure range 13-930 mbEI—700 the molecul_ar modulation system, aIIOW|.ng for secondary
. . . chemistry, yielded the preferred rate coefficient. At the same
Torr). The branching ratio was determined from the

. - time the derived value of the branching ratlg,/k, is in
yields of CHOCHO and CHOCH,OOH. Minor  oycelient agreement with that obtained from a steady-state
amounts of CHOCH,OH were also observed. photolysis system with FTIR spectroscopic analys@e
(d) Similar study to that described in commeft). The  preferred values are identical to those in our previous evalu-
branching ratio anck were derived from a kinetic ation, IUPAC, 1997

analysis of the effects diO,] and[Cl,] on k., based
on a mechanism including the production of H atoms
from the reaction CEDCH,O+M—CH;OCHO . , _
M. E. Jenkin, G. D. Hayman, T. J. Wallington, M. D. Hurley, J. C. Ball,

+H+M. 0. J. Nielsen, and T. Ellermann, J. Phys. Chém.11712(1993.
(e) See Comments on Preferred Values. 2|UPAC, Supplement V, 199%ee references in Introductijon
3p. Dagaut, T. J. Wallington, and M. J. Kurylo, J. Photochem. Photobiol.
48, 187(1989.

References
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CH5C(0)0, + CH4C(0)0O, — 2CH5C(0)O + O,

AH°=—71 kIJmol™?*

Rate coefficient data

k/cm® molecule* st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
2.8X10" 2 exd (530+ 100)/T] 253-368 Moortgat, Veyret, and Lesclaux, 1989 FP-UVAS (a)
(1.6+0.3)x10° 11 298
(1.36+0.19)x 10" ! 298 Roehl, Bauer, and Moortgat, 196 PLP-UVAS (b)
3.0x 10 2 ex{d (504+ 114)/T] 209-358 Maricq and Szente, 1996 PLP-UVAS (¢
1.5x10° 1 298
Reviews and Evaluations
2.9x 102 exp(500T) 250-360 NASA, 1997 (d)
2.8X 10712 exp(530T) 250-370 IUPAC, 1997 (e
Comments Reliability

A logk=%x0.1 at 298 K.

(@ k determined using absorption cross-sections for A(E/R) = =200 K.

CH;C(O)O, and CHO, radicals approximately 20%
higher than later consensus. gHO)O, radicals were
produced by photolysis of GFCH,CHO—0O, mixtures.  Comments on Preferred Values

(b) k determined using absorption cross-sections of All three studies;®taking proper account of the complex
o=6.67<10 " cm molecule! at 207 nm for Secondary chemistry following recombination  of
CH5C(0)O,. Source of CHC(0O)O, radicals as in(a). CH5C(O)O;, radicals and of the magnitude and overlap of the
Detailed analysis of secondary chemistry. UV absorptions due to acetylperoxy, methylperoxy, and hy-

(c) Based ono(CH;C(0)0,)=6.5x10"*€ cn? molecule*  droperoxy radicals, now give results in good agreemenk for
at 206 nm. Source of C}€(0)0, radicals as in(@. and its temperature dependence. The recommendation is thus

Detailed analysis of secondary chemistry. based on the data of Moortgat al,! Roehlet al.? and Mar-
(d) Based on the data of Moortget al,* Roehlet al,>and  icq and Szenté.
Maricq and Szentg.

(e) Based on the data of Moortgat al References

1G. K. Moortgat, B. Veyret, and R. Lesclaux, J. Phys. Ch&3). 2362

Preferred Values 2(1989).
C. M. Roehl, D. Bauer, and G. K. Moortgat, J. Phys. Ch&®0, 4038
k=1.5x10"** cm® molecule * s™* at 298 K. (1996.

3M. M. Maricq and J. J. Szente, J. Phys. Chdii0, 4507 (1996.
_ —12 11 '
k=2.9x10 2 exp(500T) cm® molecule *s™! over the 4NASA Evaluation No. 12, 1997see references in Introductipn

temperature range 200-370 K. ®IUPAC, Supplement V, 1997see references in Introduction
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CH3CO; + CH;COCH,0, — CHsCOOH + CH,COCHO + 0, (1)

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

k/cm® molecule *s71 Temp./K Reference Comments
Absolute Rate Coefficients
(5.0+2.0)x10° 12 298 Bridieret al, 1993 (@
k,<4x10 12 298
Branching Ratios
k,/k=0.5+0.2 298 Jenkiret al, 1993 (b)
Reviews and Evaluations
5.0x 10712 298 IUPAC, 1997 (c)
Comments Reliability
. . A logk=+0.3 at 298 K.
(@ Flash photolysis of Gl in the presence of g

(b)

(©

CH3;COCH;—CH;CHO—-N, mixtures at a total pressure Alkp/k)==02 at 298 K.

of 1 bar(760 Torp. The rate coefficienk was derived

from a kinetic analysis of absorption—time profiles Comments on Preferred Values

measured at 210, 220, 230, and 245 nm, using the The preferred values of the rate coefficient and the branch-
value ofk,/k=0.5 determined by Jenkiet al? ing ratio are from the studies of Bridiest al! and Jenkin
Steady state photolysis of Clin the presence of et al,? and require independent confirmation. The preferred
CH,COCH,—N, mixtures at a total pressure of 930 Vvalues are identical to those in our previous evaluation, [U-
mbar (700 Tor). The branching ratio was deduced PAC, 19973
from measurements of HCHO and gEODCHO prod-

ucts by long-path FTIR spectroscopy and long-path

UV/visible diode-array spectroscopy.

See Comments on Preferred Values.

References

Pref d val 11. Bridier, B. Veyret, R. Lesclaux, and M. E. Jenkin, J. Chem. Soc. Fara-
reterred values day Trans89, 2993(1993.
2M. E. Jenkin, R. A. Cox, M. Emrich, and G. K. Moortgat, J. Chem. Soc.

k=5.0x 10" 12 Cm3 mOleCUle_l S_l at 298 K. Faraday Trans89, 2983(1993.
k,/k=0.5 at 298 K. 3|UPAC, Supplement V, 1997ee references in Introductipn
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HOCH,CH,0, + HOCH,CH,0, — HOCH,CH,OH + HOCH,CHO + O, (1)

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

k/cm® molecule *s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(2.2+0.3)x10° 12 296 Murrellset al, 199% PLP/MM-
UVAS (a)
(2.1+0.3)x10 12 298 Jenkin and Hayman, 1995 MM-UVAS
(b)
7.8x10" 1 exd (1000+ 80)/T] 300-470 Boyd and Lesclaux, 1997 PLP-UVAS
(2.2+0.3)x10°*? 298 (c)
Branching Ratios
k,/k=0.5£0.1 298 Barnes, Becker, and Ruppert, 1993 P (d)
k,/k=0.55 298 Boyd and Lesclaux, 1997 PLP-UVAS

(e

Reviews and Evaluations
2.3x10 12 298 IUPAC, 1997 ()

Comments k,=1.1X10 2 cm® molecule * st at 298 K.

(@) Separate pulsed laser photolysis and molecular modu-
lation studies using the photolysis of®, to produce  Reliability
OH radicals in the presence of ethene and air. A logk==*0.1 at 298 K.
Pressurel bar N, HOCH,CH,0O, radicals were A(E/R)= =300 K.
monitored by UV absorption at 250 nm withr,sg A(kp/k)==0.1 at 298 K.
=4.7x10 ' cn? molecule * (mean valug Kgps/ 07250
=6.7x10° cms L. k was calculated from the laser Comments on Preferred Values

photolysis experiments witk, /k=0.36. All the recent studies of this reaction provide consistent
(b) Identical technique to that in not@). Keps/ 07250= (7.1 and seemingly reliable values for the rate coefficient and for
+0.6)x 10> cm s™%. k calculated using,/k=0.5 and  the branching ratid=* The preferred value at 298 K is a
using data from Ref. 1 in addition. mean of the values reported by Murreéisal,! Jenkin and
(c) Pulsed laser photolysis of &, at 248 nm in the pres- Hayman? and Boyd and Lesclaukand the branching ratio
ence of ethene and OHOCH,CH;O, radicals were accepts the value of Barnes al* The temperature depen-
monitored by absorption at 250 nm. dence from the work of Boyd and Lesclatis recommended
(d) Analysis of products by FTIR in the photolysis of put with wider error limits onE/R. A measurement of the

HOCH,CH;l or H,0,—C;H, mixtures in Q+Ny. Pres-  temperature dependence of the branching ratio would be of
sure 150—900 mbar. Mean value given from both sySinterest.

tems, which were in excellent agreement, and indepen-

dent of total pressure or£roncentration.
() Based on H@ radical formation from the

HOCH,CH,0O+0, reaction, measured by UV absorp-

tion at 220 nm. References
(f) Based on the data of Murrelit al! and the branching

; 4
ratio of Barneset al. 1T. P. Murrells, M. E. Jenkin, S. J. Shalliker, and G. D. Hayman, J. Chem.

Soc. Faraday Tran87, 2351(1991).

Preferred Values 2z\/I. EsJenkin and G. D. Hayman, J. Chem. Soc. Faraday T&insl911
1995.
k=2.2x 102 cm® molecule ! st at 298 K. 3A. A. Boyd and R. Lesclaux, Int. J. Chem. Kin@&9, 323(1997.

4]. Barnes, K. H. Becker, and L. Ruppert, Chem. Phys. 263 295
k=7.8x10" ' exp(1000T) cm® molecule *s™! over the (1993, PP Y

temperature range 250-450 K. SIUPAC, Supplement V, 1997see references in Introductipn
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n'C3H702 + I’I-C3H7OZ—> I‘I—C3H7OH + C2H5CHO+OZ (1)

—)2”'C3H70+02 (2)

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

k/cm® molecule *s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(3.3x0.3)x10713 298 Adachi and Basco, 1982 FP-UVA (a), (b)
Reviews and Evaluations
k=3.0x10"13 298 IUPAC, 1997 (c)
Comments in our previous evaluation, IUPAC, 1987The room-

(@ kis defined by—d[n-CsH,0,]=2k[n-C3H,0,]? and

has been derived from the measured overall second or-

der decay oh-C3H,0, radicals k.9 by correcting for
secondary removal aif-C3H-,O, radicals.

(b) Monitoring wavelength fon-C3H-0, radicals was 260
nm, with 0=3.15<10 8 cnm? molecule *. The rate
coefficient derived fromky,e=(3.84+0.33)x 10 13
cm® molecule X s on the basis of a mechanism with
12 secondary reactions.

(c) See Comments on Preferred Values.

Preferred Values

k=3x10"1 cm® molecule*s! at 298 K.

Reliability
A logk==x0.5 at 298 K.

Comments on Preferred Values

temperature rate coefficient requires substantiation along
with a determination of the temperature coefficient.

The recommended value g is in line with the rate
coefficients of the analogous reactions of the ;O and
C,H:0, radicals. On the other hand, the recommended rate
coefficient for the self-reaction of thie C;H,0O, radical is
considerably lower Kygg=1.0x 10 1° cm® molecule ts™%)
and that reportetfor the t-C,HoO, radical is even lower
still (Kpgg=2.3x10 1" cm® molecule 1 st). This trend is
in keeping with that observed in the liquid phase for the
RO, radical interactiond, ie., k(primary RQ)
>k(secondary Rg) >k(tertiary RQ).

References

1H. Adachi and N. Basco, Int. J. Chem. Kind#, 1125(1982.

2JUPAC, Supplement V, 1997see references in Introductipn

3C. Anastasi, I. W. M. Smith, and D. A. Parkes, J. Chem. Soc. Faraday
Trans. 174, 1693(1978.

The recommended rate coefficient is the rounded-off valuesj g gennett, D. M. Brown, and B. Mile, Trans. Faraday Sif.386

from the study of Adachi and Baséand is identical to that

(1970.
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ATKINSON ET AL.
i'C3H702 + i'C3H702 and i'C3H7OH + CH3COCH3 + 02 (1)

—)2i'C3H70+02 (2)

AH°(1)=—351.9 kJmol™*
AH°(2)=33.2 kJmol !

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

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

1.43x10 *2 exd —(2243+69)/T] 300-373 Kirschet al, 1978 (a,b

8.10x 10716 300

(1.3+0.4)x1071® 298 Adachi and Basco, 1989 (a,0

(5.3+0.5)x10 ¥ 298 Munket al, 1986 (a,0
Branching Ratios

K, /ky=1.39+0.04 302 Kirschet al, 1979 (e

k, /ky=56.3 exp{-11301) 302-372 Cowley, Waddington, and Woolley, 1882 )
Reviews and Evaluations

1.6X 10" 2 exp(—22001) 300-400 IUPAC, 1997 (9)

Comments mbar (500 Tor). Ratio of rate coefficients based on

(a

(b)

(©

(d)

(e)

analyses of CHCOCH; and (CH,),CHOH by GC.
Extension of the experiments by Kirset al,* to ob-
tain k,/k; at 333 and 372 K. The Arrhenius equation
calculated from these data and a valu&kgfk, at 302

K was reported by Kirsclet al?

See Comments on Preferred Values.

k is defined by —d[i-CsH,0,]/dt=2Kk[i-CsH;0,]? )
and has been derived from the measured overalﬁ
second-order decay ofC;H-0O, radicals kq,9 by cor-
recting for secondary removal ofC;H-O, radicals.
Molecular modulation study of the photolysis of Q)
2,2'-azopropane in the presence of &d N, at total
pressures up to 950 mb@tl10 Torp. i-C3H,O, radicals
were monitored by absorption at 265 nm. The rate co-
efficient k has been calculated from the experimental
value of Kkge=(2.370.17)X 10 *? exd —(2243 k=1.0x10 *® cm® molecule * st at 298 K.

+60)/T] cnm® molecule ' s™ and the branching ratio k= 1.6x10"'2 exp(~2200T) cm® molecule*s™* over
k,/k;=1.39 at 302 K determined in the subsequentthe temperature range 300—400 K.

study? k,/k=0.44 at 298 K.

Flash photolysis of 2/2azopropane in the presence of ki /k=3.7x10" 2 exp(740T) over the temperature range
0O, and added Mat total pressures up to 960 mg@ae0  300—-400 K.

Torr). i-C3H,0, radicals were monitored by absorption  K»/k=0.56 at 298 K.

at 240 nm, for which (240 nm)=4.86x 10 '8 k,/k=2.0 exp(-380/T) over the temperature range 300—
cn? molecule . The rate coefficienk has been calcu- 400 K.

lated from the experimental value df,,=(2.03

+0.58)x 10" *°> cn® molecule *s7* at 298 K, on the Reliability

basis of a proposed mechanism of 12 elementary reac- A logk==+0.3 at 298 K.

tions including secondary consumption BfC3;H,O, A(E/R)=*300 K.

radicals. A(ky/k)=A(k,/k)==*0.15 at 298 K.

Pulse radiolysis of Klat 1 bar in the presence oy,

i-C3H- radicals were generated from the reaction of Hcomments on Preferred Values

atoms with GHe. The absorption spectrum of the  The recommended rate coefficigid at 298 K is the av-
i-C3H,0, radical was observed on the addition of O erage of the rate coefficients from the data of Kirstall

and the decay of-C3H;0, radicals monitored by UV and Adachi and Bascowhich are in reasonable agreement.
absorption at 253 nm, and found to obey second-ordewe have not taken into account the rate coefficient reported
kinetics. It is not clear if the reported value of the rate by Munk et al.® for which experimental details are lacking.
coefficient iskyps or k. The recommended temperature dependendei®ibased on
Steady-state photolysis of 2;azopropane in the pres- the results of Kirsclet al,! which have been rounded off and
ence of Q and added Bl at total pressures up to 670 adjusted to the recommended valuekgfs.

Preferred Values
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The measurements of the branching ratio and its tempera- References
ture dependenéé appear to be reliable and have been . _ _
. . . L. J. Kirsch, D. A. Parkes, D. J. Waddington, and A. Woolley, J. Chem.
adopted here, but require further confirmation. The preferred goc. Faraday Trans. 24, 2293(1978.

values are identical to those in our previous evaluation,zH. Adachi and N. Basco, Int. J. Chem. King#, 1125(1982.
6 J. Munk, P. Pagsberg, E. Ratajczak, and A. Sillesen, Chem. Phys. Lett.
IUPAC, 1997° . - 132 417 (1986,
The value ofk,gg is considerably lower than that for the 4| j irsch, D. A. Parkes, D. J. Waddington, and A. Woolley, J. Chem.
analogous reaction of tha-C;H;O, radical, which is in 5SOC- Faraday Trans. 75, 2678(1979.
. . . . . - L. T. Cowley, D. J. Waddington, and A. Woolley, J. Chem. Soc. Faraday
keeping with the trend observed in studies of the interactions Trans. 178, 2535 (1982,

of alkylperoxy radicals in SO|Uti0F\.i-e-, k(primary RQ) 8|UPAC, Supplement V, 1997see references in Introductipn

>k(secondary Rg) > k(tertiary RQ). 7€i9|E7.QBennett, D. M. Brown, and B. Mile, Trans. Faraday S8f;.386

CH3COCH,0, + CH;COCH,0, — CH3COCH,OH + CH;COCHO + 0, (1)

d 2CH3COCH20 + 02 (2)

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

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

(8.0+0.2)x 10712 298 Bridieret al, 1993 (@, (b)

<8.3x107 12 298 Coxet al, 199¢ PR-UVA (c)
Branching Ratios

k, /k=0.75+0.1 298 Bridieret al, 1993 (d)
Reviews and Evaluations

8.0x 10712 298 IUPAC, 1997 (e

Comments Reliability
=+
@ k is defined by —d[CHCOCHO,Jdt ﬁ('l‘(’gli) :—Eg f;fgzgg'(k
= 2k[ CH;COCH,0,]. 2 - '

(b) Flash photolysis of Gl in the presence of
CH,COCH;,—N, mixtures at a total pressure of 1 bar. Comments on Preferred Values
The rate coefficienk was derived from a kinetic analy- ~ The rate coefficient for ClCOCHO, radical decay ob-
sis of absorption—time profiles at 230 and 260 nm, takained in the two studiés$ is in good agreement and the
ing account of the information on the mechanism of themore rigorous analysis carried out by Bridieral." on the
overall reaction obtained from the product study of basis of the product study of Jenkénal* provides the basis
Jenkinet al? for the recommendation. The recommendations on the over-
(c) Derived value of kgpe=(8.3+1.6)x10 2cm®  all rate coefficient and the branching ratio at 298 K, which
molecule * s~ at 298 K is an upper limit due to sec- are identical to those in our previous evaluation, IUPAC,
ondary reactions producing possible enhanced decay df9977 require independent verification.
CH3COCH,0, radicals.
(d) Same experiments as for comméat. The branching
ratio was obtained on the basis of absorption due to
radicals formed in reactio2) and subsequent reac-
tions. References

(e) See Comments on Preferred Values.

11. Bridier, B. Veyret, R. Lesclaux, and M. E. Jenkin, J. Chem. Soc. Fara-
day Trans.89, 2993(1993.

2R. A. Cox, J. Munk, O. J. Nielsen, P. Pagsberg, and E. Ratajczak, Chem.

3Phys. Lett.173 206 (1990.

- 1 IUPAC, Supplement V, 1997ee references in Introductipn

k=8.0x10"** cm® molecule * s™* at 298 K. 4M. E. Jenkin, R. A. Cox, M. Emrich, and G. K. Moortgat, J. Chem. Soc.

k,/k=0.75 at 298 K. Faraday Trans39, 2983(1993.

Preferred Values
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RCHOO + O; — RCHO + 20, (1)
RCHOO + H,0 — products (2)
RCHOO + CO — products (3)
RCHOO + HCHO — products (4)
RCHOO + C,H, — products (5)

RCHOO + NO — RCHO + NO, (6)
RCHOO + NO, »RCHO +NO;  (7)
RCHOO + SO, — products (8)
RCHOO + HCOOH — products (9)

(R=H or CHy)

Rate coefficient data

k/cm® molecule* s7* Biradical Temp./K Reference Technique/Comments
Relative Rate Coefficients

Kk, /kg=(6.1+0.3)x 1075 CH,CHOO 295 Calveret al, 1978 (@

Kq:Kg:kg ks kg=2.5x10"3%:1.8 CHOO 296 Su, Calvert, and Shaw, 1980 RR-FTIR (b)

x107%:2.5x10 :2.5x107%1.0

Kk, /kg=(2.3+1)x 1074 CH,00 298 Suto, Manzanares, and Lee, 1084 (c)

k; Ikg=(1.4+0.4)X 102 CH,00 298 Manzanares, Suto, and Lee, 1087 (d)

ko /kg=(8.3+3.6)x 10 * CH,00 298 Becker, Bechara, and Brockmann, £993 RR-FTIR/TDLS (e)

Kk Ikg=(4.1+2.2)x 10" * (CHy),COO0O 298 Becker, Bechara, and Brockmann, £993 RR-FTIR/TDLS (f)

Kk Ikg=7.1x10"° CH,00 298 Neetet al, 1997 RR-FTIR/HPLC(g)
Reviews and Evaluations

k,=2x10 9t0 1x 10 1® CH,00 298 Herron, Martinez, and Huie, 1982 (h)

k,=2x10 %0 t0 8x10 3 CH,00 298 (i)

k,=1x10 ¥to 7x 10 1 CH,O0/CH,CHOO 298 1)

kg=3x10 ®to 1.7x 10 * CH,00/CH,CHOO 298 (k)

Ky :ksiks:Kg:ky kg CH,O0/CH,CHOO 298 Atkinson and Lloyd, 1984 ()

=5x10%2x10 %0.25:13:10:1

k,~4x10718 CH,00/CH,CHOO 298 (m)

ky~2Xx107 % CH,00/CH,CHOO 298 (n)

ke=7x10"12 CH,00/CH,CHOO 298 (0)

k,~7x107% CH,00/CH,CHOO 298 (m)

kg~7x10 4 CH,00/CH,CHOO 298 (m)

k,=4x10"16 CH,00 298 Kerr and Calvert, 1984 (0)

ky=1.3x 10" CH,00 298 (0)

k,=2x10"12 CH,00 298 (0)

ke=7Xx10"%2 CH,00/CH,CHOO 298 (0)

k,=1.0x10 %3 CH,00/CH,CHOO 298 (0)

kg=7Xx10"*2 CH,00 298 (0)

Comments 0O,—N, mixtures at a total pressure of 920 mbar and

with added CO, HCHO, or SO Relative rate coeffi-
cients derived from a computer simulation of reactant

SO, in the presence of §-O,—cis-2-CyH mixtures at consumption and product formation, based on a mecha-
—Cl1S-2-Uyhg ; ;
atmospheric pressure. In this system the biradical inter- nism of 20 elgmentgry reactions. .
R ] . ) 3 (c) Flow system involving GH,—0;—S0O,—H,O mixtures
mediate involved is believed to be GEHOO. in which H,SO, aerosol concentrations were monitored
(b) FTIR study of the GH;—~O; reaction in the presence of by scattered UV light. Relative rate coefficients ob-

(@ Derived from a reanalysis of the data of Cox and
Penkett® from a study of the aerosol formation from
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(e)

()
(¢))

(h)

(i)

(1)

(k)

U]
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tained from the dependencies of the aerosol formatiorfm) Calculated from the above relative rate coefficients and

on the concentrations of S0O,, and HO. assuming thaks=7x10 12 cm® molecule 1 s [see
Similar study to that of commeite), with the inclusion comment(n)].

of the effect of added NQon the formation of the (n) This rate coefficient was assumed to have a value simi-
H,SO, aerosol. lar to that for the reaction of alkylperoxy radicals with
Study of the GH,—O; reaction in the presence of 1 bar NO (RGO, +NO—RO+NO,), and hence k=7

of synthetic air with and without added $OH,O, X102 e’ molecule s,

Calculatedi) on the assumption that = kg and taking
the estimated value dfg=7x10"12 cm® molecule?
s 1 of Atkinson and Lloyd and (ii) from the relative
rate data of Calverét al,! Suet al,? and Sutoet al®

yields were measured by tunable diode laser absorptioFP)
spectroscopy or by FTIR spectroscopy.

Same study as for comment(e) with
(CH3),C=C(CHjy), as the reactant.

Reaction carried out in a 570 L spherical glass reactor.
Hydroxmethyl hydroperoxidédHMHP) concentrations
monitored by HPLC and formic acid concentration by No recommendation.
FTIR. Formation of HCOOH from HMHP shown to
be due, in part, to heterogeneous proces&gsk
was derived by fittinglHCOOH] and [HMHP] as

a function of time to a reaction scheme and using

Preferred Values

Comments on Preferred Values

This data sheet is largely reproduced from our previous
“ 18 o . Yevaluation, IUPAC, 1997 Vibrationally excited Criegee in-
viallues of k(O3 CoHy) = 1'6%10 c molegule termediates or biradicalsBRCHOO]*, are produced from the
s, k(CH;00+H,0)=1x10 " e’ molecule* s reactions of Q with alkenes:’ These speci

. ) - . pecies decompose

and assuming that 47% of the Criegee biradicals arg,,imqlecularly to give molecular or radical products or un-
stabilized. _ . _ dergo collisional deactivation to yield thermally equilibrated
Based onlthe rati, /ks~6x 10", as derived by Cal- biradicals, REIOO. Here we consider the kinetic and other
vert et al fr9£r51 the data of _Cl?x and Penké_?}'aﬂf information relating to the bimolecular reactions that have
taking 3x 10” °<kg<1.7x10"** cm® molecule * s been proposed for these thermally equilibrated biradicals.

[see commentl)]. . o Studies have been made of the reactions oHRO with
Based on a s_tudy of the ozonide formgtlon Tlthe Sys'aldehyde§;1°'18‘22 S0, 1291023 1.0 101424 carnoyyiic

tem O;-0,—cis-2-CHg—HCHO by Nikietal™ and ;452225 304 methandf® but detailed kinetic data are often

on therrglocher_nlcal kinetic estimates of Nangia and,cing. Relative rate coefficients have been derived by Cal-
Benson:” Details were not provided. It has been as-yertet al,! Suet al,2 and Sutcet al.? based on experimental
sumed that the reactivies of the HHOO and measurements of the rates of consumption of molecular re-
CH3CHOO biradicals are identical. actants relative to consumption of $® systems involving
Derived from the ratidk, /k;~14, which has been es- RCHOO biradicals. The only compound, other than SO
timated from the data of Martineat al® from a study common to any of these studies is® for which the de-

of the reduction in secondary ozonide formation fromrived relative rate coefficients differ by a factor e#. Not-

the O,—0O,—trans-2-C,Hg reaction in the presence of Wwithstanding this discrepancy, these relative rate measure-
NO,. k; was calculated by taking 210 6 cm® ments are the only experimental basis on which to assess the
molecule? s '<k,<8x10 2 cmPmoleculelst rates of these reactions. It is apparent from these measure-
[see commenti)]. It has been assumed that the reac-ments that the reactions of the biradicals RO with O,
tivities of the GH,00 and CHCHOO biradicals are €O, and alkenes are not important under atmospheric condi-
identical. tions. The reactions with 0, RCHO, NG, and SQ need
Based on the suppression of ozonide formation in thd® Pe considered, although for most tropospheric conditions
03-0,—Cis-2-C;Hg—HCHO system by Sobserved the only effective reaction of the biradicals is likely to be that

by Niki et all* and on thermochemical kinetic esti- with H;0. .
mates of Nangia and Bens&hDetails were not pro- Previous reviewefs have made the reasonable assump-

vided. It has been assumed that the reactivities of th(g?mi;szaatn:hgarseeiidci)?lnecs)zirﬁaleittg?o\:‘vimeI\gefoelzjtliisa:;otht;e o
CH,00 and CHCHOO biradicals are identical. 9 q ’ i ey ROOLNG RCHngNO U P
The relative rate coefficients are proposed on the bas;igoSe reaction pathway N 2. LN

. . 5 . . ortunately, there is no direct experimental evidence for this
that the data on B,00 (Suet al?) and on CHCHOO  oaction and very little information upon which to base an

(Cox and Pepke]t?) can be amalgamated, i.e.HEOO  estimate of its rate coefficient. Atkinson and LI8ydave

and CHCHOO have the same reactivities. From the estimated the relative rate coefficients for IRQO reacting

studies of Akimotoet al***® on the Q-CH, and  with NO and SQ, corresponding td/kg=10?, whereas
CsHg system, it was estimated thakg:k;:kg  Kerr and Calvert proposekg/kg=1. Experimental data on
=10%10:1. this ratio of rate coefficients are badly needed.
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In the absence of direct kinetic measurements of the absavith the reaction leading to J@, being a minor pathway.
lute rate coefficients of any of the RO bimolecular re-  The degree of stability of the HOGBOH is uncertain. It
actions, both Atkinson and LloJdand Kerr and Calvett may also decompose into HCOGHH,O.
have suggested th&t should be equated to the rate coeffi- Reaction of RR,COO biradicals with aldehydes leads to
cient for the structurally analogous reactions,the formation of the corresponding ozonidésl=? ie.,
RO,+NO—RO+NO,, with kg=7x10"**cm’molecule’  R,R,CO0+R;CHO—R;R,COOCHO)R;. However, the
st at 298 K. While this seems a reasonable proposition, it iormation of ethene ozonide has not been observed in the
dgs_wable to obtain expen.mental verification. At present it iSraaction of ®,00 with HCHO or in the Q-ethene
difficult to see how any direct measurements could be madg, 5ction2192132 The proposal that the reaction of the

with RCHOO systems involving @-alkene reactions owing CH,00 biradical with HCHO leads to
to the complex chemistry involved. In this regard the StUdyHOCHZOCHOZ*19'21'32'33has now been shown to be incor-

24 ; ; . :
g{r: d&il::aall(:)f/r’c:)%a:;:lr.ez;Qt\{ng]V:)r:‘ng?P% g)e\:]vtiat[]agogroef 0?2) (3 rect. The spectrum observed in thelf©OO-HCHO reaction
1 2 and assigned to HOG®CHO is now known to belong to

siderable interest. 34,35, 1 .
In deriving the relative rate coefficients listed above, it hasHOOCHZOCHO’ which can be formed by the reaction of

been necessary in some cases to compare data obtained frif§ G200 biradical with HCOOH.
different O;—alkene systems and to assume that all the
RCHOO biradicals have equal reactivity, e.g.H&O and
CH;CHOO. Again, while this seems to be a reasonable as-
Sumptlon,’ It_ requ,lres experl_mental Verlflcatlon' 1J. G. Calvert, F. Su, J. W. Bottenheim, and O. P. Strausz, Atmos. Environ.

There is little direct experimental evidence on the products 12 197(1978.
of the reactiong1)—(9). Where the products are stated these iF. Su, J. G. Calvert, and J. H. Shaw, J. Phys. Cr#4n239 (1980.
have largely been suggested on the basis of analogy With"i-gi“tov E. R. Manzanares, and L. C. Lee, Environ. Sci. TeciihB15
related reactions. 26 . 4(E. R?ll\llanzanares, M. Suto, and L. C. Lespublished daja

Recent work of Neelet al.” suggests that the reaction of sk H. Becker, J. Bechara, and K. J. Brockmann, Atmos. Enviga, 57
the H,0O0 biradical with HO leads initially to hydroxy- (1993. _ '
methyl hydroperoxide (HOCH¥DOH). The HOCHOOH P. Neeb, F. Sauer, O. Horie, and G. Moortgat, Atmos. Envigdn1417

) (1997.

may then decompose to HCOOH angQHbut the extent to 75 1 Herron, R. I. Martinez, and R. E. Huie, Int. J. Chem. King. 201
which this occurred by heterogeneous processes in the sys{1982.
tem used by Neebt al?® is uncertain. Hydroperoxides have ;R- Atkinson and A. C. Lioyd, J. Phys. Chem. Ref. Da@ 315 (1984).
been found in a number of other;Calkene studié€d-2and J. A. Kerr and J. G. CalverChemical Transformation Modules for Eule-

X . L. . . . rian Acid Deposition ModelsThe Gas-Phase Chemistry, VoluméNa-
are suggested to arise in a similar way, by direct interaction tionar Center for Atmospheric Research, Boulder, CO, 1984
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O3 + C,H, — products
Rate coefficient data

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

(7.8+1.2)x10°% 294 Atkinson and Aschmann, 1984 S-CL (a)
Reviews and Evaluations

1.0X 10~ exp(—4100T) ~298 NASA, 1997 (b)

1x10°%° 298 IUPAC, 1997 ()

Comments Aschmanrt: This is the most recent study; it gives the lowest

of the values so far obtained and is likely to be the most
accurateany impurities are likely to lead to higher valies
of 980 mbar There has been one study of the temperature dependence

(b) The 298 K rate coefficient was based on the measureﬁf the rate coefficierttgiving a value OE/R:. 5435 over the .
: o : emperature range 243-283 K. However, in view of the dif-
value of Atkinson and Aschmanhrand is identical to

the present IUPAC recommendation. The temperaturgcumes in studying this reactlon_and_ the small temperature
) range covered, no recommendation is made for the tempera-
dependence was estimated.

(c) See Comments on Preferred Values. ture dependence. . . .
A large uncertainty is assigned to the preferred value at

298 K to encompass the wide scatter in the results. The pre-

(a) Static system, witti O3] being monitored by chemilu-
minescence in large excess ofH; at a total pressure

Preferred Values ferred values are identical to those in our previous evalua-
k=1x10"2° cm® molecule 1 s~ at 298 K. tion, IUPAC, 1997
References
Reliability
A logk==*1.0 at 298 K. 'R. Atkinson and S. M. Aschmann, Int. J. Chem. Kink8, 259 (1984.

2NASA Evaluation No. 12, 1997see references in Introductipn
3|UPAC, Supplement V, 1997see references in Introduction
Comments on Preferred Values 4R. D. Cadle and C. Schadt, J. Phys. Chérh.163(1953.
The literature data at room temperattfte® exhibit a large ~ °W. B. DeMore, Int. J. Chem. Kinet,, 209 (1969.

degree of scatter covering the ran@98 K)=(0.78-7.8)  ,W- B. DeMore, Int. J. Chem. Kineg, 161 (1971.
-20 o 1 -1 D. H. Stedman and H. Niki, Environ. Let, 303(1973.
x10 cm’ molecule “s™". The preferred value at 298 K 8C. T. Pate, R. Atkinson, and J. N. Pitts, Jr., J. Environ. Sci. Hefilth 1

is based upon the value obtained by Atkinson and (1976.
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O3 + C,H, — products

Rate coefficient data

k/cm® molecule st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
3.3x10 1% exd —(2365+ 101)/T] 178-233 DeMore, 1969 S-UVA (a
1.18x10 18 298
(1.55+0.15)x 10718 299 Stedman, Wu, and Niki, 1973 S-CL (b)
9.00x 10~ *° ex{{ —(2557+ 167)/T] 235-362 Herron and Huie, 1974 (c)
1.69x10 18 298
(1.9+0.1)x 10718 299 Japar, Wu, and Niki, 1974 S-CL (b)
(1.9+0.1)x 10718 299 Japar, Wu, and Niki, 1976 S-CL (b)
(1.69+0.13)x 10 %8 303 Toby, Toby, and O’Neal, 1996 S-UVA (a
(1.43+0.19)x10 18 296 Atkinsonet al, 1987 S-CL (b)
7.72< 10 %5 ex{{ —(2557+ 30)/T] 232-298 Bahta, Simonaitis, and Heicklen, 1984 S-UVA (a)
(1.45+0.10)x 10 18 298
5.1X 107 % exd —(2446+91)/T] 240-324 Treacet al, 1992 S-CL (b)
(1.37+0.08)x 1018 298
Reviews and Evaluations
9.14x 10 15 exp(—25801) 178-362 Atkinson, 1997 (d)
1.2x 10 1 exp(—2630M) 180-360 NASA, 1997 (e
9.1x 10 ® exp(—25801) 180-360 IUPAC, 1997 (e

Comments

(@ Static system, with UV absorption detection of &
253.7 nm.

et al® are in good agreement. They give rate coefficiéhts
that are somewhat lower than many of the previous determi-
nations, including those of Set al*® and Kanet al.,*® which

. . I . ; ; i i 9 4
(b) Static system with chemiluminescence detection gf O aré not used in this evaluation. Since Treatyal.” did not

(c) Stopped-flow system with MS detection of.CCarried
out at a total pressure of5 mbar but with sufficient

tabulate the individual rate coefficients at the various tem-
peratures studied, only their 298 K values can be used in the

O, present to minimize the occurrence of secondaryevaluation of the rate coefficient for this reaction. The pre-

reactions removing

ferred values are obtained from a least-squares analysis of

(d) Based on a least-squares analysis of the rate coeffthe rate coefficients of DeMoreStedmaret al,? Herron and

cients of DeMoré, Stedmaret al.? Herron and Hui€,
Japar et al,*® Toby etal,® Atkinson etal,’ Bahta
et al,® and the 298 K rate coefficient of Treaey al®

(e) Based on the rate coefficient data of DeMbr8ted-
man et al,? Herron and Hui€, Japaret al,*° Toby
et al.® Suet al,'® Adeniji et al,** Kan et al,'® Atkin-
sonet al,” and Bahteet al.?

Preferred Values

k=1.6x10 ¥ cm®*molecule 1 s ! at 298 K.
k=9.1x10 *® exp(—2580m) cm® moleculets™! over
the temperature range 180-360 K.

Reliability
A logk=+0.10 at 298 K.
A(E/R)==*=100 K.

Comments on Preferred Values
The most recent kinetic studies of Baletzal® and Treacy

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999

Huie? Japaret al,*® Toby et al.® Atkinson et al,” Bahta
et al® (averaging the rate coefficients at each of the four
temperatures studigdand the 298 K rate coefficient of
Treacyet al® The preferred values are identical to those in
our previous evaluation, IUPAC, 1997.

As discussed by Atkinson and Lloyf, Atkinson and
Carter!” and Atkinsont®8 the initial reaction forms the
energy-rich trioxane which rapidly decomposes:

/0\i
P9

0; + CHy —» (|:H2—-CH2 — = HCHO + [CH,001F

to yield HCHO and the energy-rich biradicBCH,00]*.
Grosjean and Grosjedhand Grosjearet al?® have obtained
a formation yield of unity for HCHO.

The energy-rich biradical can either be stabilized or de-
compose. The decomposition channédig—(e) have been
postulated.
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The relative importance of these decomposition/stabilization

. . » . . . .
[CH00] = M CH00 + M @ reactions of thd CH,OO]* radical are, however, pressure
dependent® with no quantitative data being available other
— €O, + H, ] ®) than at~1 bar of air.
—= CO + H0 (©)
[¢H,00]" —| ‘

— H + HCO, — 2H + CO; (d)
——» HO + HCO (e)
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03 + C3Hg—products

Rate coefficient data

k/cm® molecule st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
6.14x 10 15 ex{ — (1897 109)/T] 235-362 Herron and Huie, 1974 (@
1.06x10 Y7 298
4.9x 10 %5 exg —(1858+ 70)/T] 240-324 Treacet al, 1992 S-CL (b)
(9.4+0.4)x10° 18 298
Reviews and Evaluations
5.51x 10~ *° exp(—18781T) 235-362 Atkinson, 1997 (c)
6.5 10" '° exp(—19007) 235-360 NASA, 1997 (d)
5.5x 10 ° exp(—1880T) 230-370 IUPAC, 1997 (e
Comments ane, which rapidly decomposes:

(@ Stopped-flow system, with MS detection of.CCarried
out at a total pressure of5 mbar, but with sufficient o ¥
O, present to minimize the occurrence of secondary 0/ 0
reactions removing § (Due to a typographical error, |
. — CH3CH——"CH:
the lowest temperature studied was 235.0 K and not Os + CiHe ’ :

250.0 K as originally stated a b
(b) Static system, with chemiluminescence detection of / \ ]
O3. C3Hg in large excess over O CH;CHO + (61,007 [CH,CHOOF + HCHO

(c) Derived from the absolute rate coefficient data of Her- .
ron and Huié and Treacyet al? For l-alkenes measured product yields suggest that the

(d) Based mainly on the absolute rate coefficient data O{_zwo primary carbonyls are formed in essentially equal yields,

Herron and Huié. i.e., ky~k,.® For propene, the C}€HO primary vyields of

Grosjeanet al® and Tuazonet al,’ respectively. Higher
yields of HCHO were obtained by both groups, but these
Preferred Values include contributions from subsequent reactions of the
K= 1.0x 1027 e molecule™ s at 298 K. CHyCHOO biradicals. It is generally assunfetthat the re-

k=5.5x 10" 15 exp(— 1880T) cn? molecule*s™t  over actions of the energy-rich biradic@_sl:HZO_O]i formed from
the temperature range 230—370 K. propene are similar to those f¢ICH,O0]* formed from
ethene. Hence, as for the;®C,H, reaction at room tem-

Reliability perature and 1 bar of air

A logk=%0.10 at 298 K.

A(E/R)= %200 K. T 1
[CH,00] —— CO0 + H0 38%
Comments on Preferred Values — = HO + HO, + CO 12%
The absolute rate coefficients of Herron and Huieote
that the lowest temperature studied was 235.0 K and not . s .
250.0 K as given by Herron and Hdjeand Treacyet al? are [CH00] + M — CH00 + M 37%

in excellent agreement for prapene, 1-butens, andtrans Less data are available concerning the stabilization and
2-butene, 2-methylpropene and 2-methyl-2-butene over thg . . f thECH.CHOOT* biradical
temperature ranges common to both studiéscordingly, ecomposition reactions of thgCHy ) ] oiradical.
the 298 K rate coefficients and temperature dependencies gﬁsed upon the _SZOtO H,SQ, conversion ylel!)d in-an
Herron and Huit and Treacyet al2 have been averaged to OsTPropene reaction system, Hatakeyamgal™ deter-
yield the preferred Arrhenius expressiamote that the indi- Mined an overall stabilized biradical H2O00+CH;CHOO)
vidual rate coefficients at the various temperatures studied byield of 0.254-0.023 at room temperature and atmospheric
Treacyet al? were not tabulated The preferred values are pressure, while Horie and Moortdatobtained a stabilized
identical to those in our previous evaluation, IUPAC, 1897. biradical yield of 0.44. Using the data of Hat_akeyaehaal.lo

The reaction proceeds via the initial formation of a triox- and assuming thdt,=k, and that th CH,00]* stabiliza-
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tion yield is 0.37, then the fraction ¢TH;CHOOJ* biradi- ~ 0-17; and_channelf), 0-0.07. However, Atkinson and
cals which are stabilized at298 K and 1 bar of air is 0.14. Aschmann® have observed the formation of OH radicals
While the stabilization/decomposition yields are expected tdfom the ozone reaction with propene at room temperature
depend on the individual alkene reacting witg @nd on the ~&nd atmospheric pressure of air, with a yield of 0(BBcer-
total pressure and temperatyréhis fraction off CH,CHOO]  {@in to a factor of-1.5). A possible reaction sequence for the
biradicals which are stabilized at 298 K and 1 bar of air isl CH;CHOO]* biradical at 298 K and 1 bar air is

similar to the measured yields of stabilized LLHHOO from

trans-2-buteng(0.1859) andcis-2-butene(0.18"). A yield of [CHyCHOOF + M ——»  CHyCHOO + M 15%
stabilized CHCHOO from [ CH;CHOO]* of 0.15 at 298 K

and 1 bar of air is recommended, consistent with the product

data of Hatakeyamat al:*° ™ CH; + CO + HO 54%

(or CH;CO + HO)
L. [CHyCHOOT — 1w CHy + CO, + H
™ CH;CHOO + M (15%) 17%
[CH;CHOOTF  —] — » HCO + CH;O
——  decomposition (85%) CH, + CO 14%
The decomposition pathways are less well understdod,
but are expected to involve formation of gHCO+OH, References
CH;3;+CO,+H, HCO+CH;0, CH,+CO,, and CHOH+CO.
M . 1J. T. Herron and R. E. Huie, J. Phys. Chers, 2085 (1974.
— CH;CHOO @ 2J. Treacy, M. El Hag, D. O’Farrell, and H. Sidebottom, Ber. Bunsenges.
Phys. Chem96, 422 (1992.
—» CH; + CO + HO ®) 3R. Atkinson, J. Phys. Chem. Ref. Da8, 215(1997.
4“NASA Evaluation No. 12, 1997see references in Introductipn
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[CH3CH0(')]* — SE. Grosjean, J. B. deAndrade, and D. Grosjean, Environ. Sci. Tecol.
—= HCO + CH;O (d) 975(1996.
"E. C. Tuazon, S. M. Aschmann, J. Arey, and R. Atkinson, Environ. Sci.
—» CH; + CO (e) Technol.31, 3004(1997.
8R. Atkinson and W. P. L. Carter, Chem. R4, 437 (1984).

—= CH;0H + CO ® 9R. Atkinson and A. C. Lloyd, J. Phys. Chem. Ref. Dafh 315 (1984

105, Hatakeyama, H. Kobayashi, and H. Akimoto, J. Phys. Cl8814736
Recent studies and evaluatidfizonclude that these chan-  (1984.

_ _ | u . .
nels have approximate fractional overall yields-t bar of ~ ,,O- Horie and G. K. Moortgat, Atmos. Enviro@5A, 1881(1993).

. H. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, Chem. Phys.
air of: channel@), 0.15-0.42; channéb), 0.16—-0.30; chan- | ey 46, 327(1977.

nel (c), 0.17-0.34; channdld), 0—0.07; channele), 0.14—  *3R. Atkinson and S. M. Aschmann, Environ. Sci. Techi#l.1357(1993.
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F + CH, — HF + CH,

AH°=—131.5 kdmol™*

Rate coefficient data

k/cm® molecule* st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
5.5x 107 1% exd — (580+ 150)/T] 298-450 Wagner, Warnatz, and Zetzsch, 1971 DF-MS
7.9x10 1 298
7.2x10° 1 298 Kompa and Wanner, 1972 (@
(6.0+6.0)x10™ 11 298 Clyne, McKenney, and Walker, 1973 DF-MS
(5.72+0.30)x 107 1* 298 Fasano and Nogar, 1982 (b)
(5.3+0.3)x10™ 1! 294 Moore, Smith, and Stewart, 1994 ()
Relative Rate Coefficients
1.1} 10710 exp(—1871T) 253-348 Foon and Reid, 1971 RR (d)
5.9x10 ! 298
1.64x 10 1° exp(—265/T) 180-410 Perksy, 1996 RR ()
(6.65+0.35)x 107 ¢ 298
Reviews and Evaluations
1.6x 10 10 exp(—2601T) 180-410 NASA, 199% ()
3.0X 107 1% exp(—400/T) 250-450 IUPAC, 1997 (9)
Comments Preferred Values

(@ Flash photolysis of WE Overall rate coefficient was k=6.7%x10"1! cm® molecule st at 298 K.
obtained by monitoring the decay of the HF chemical k=1.6x 10 10 exp(~260/T) cm® molecule st over the
laser emission. temperature range 180-410 K.
(b) Infrared multiphoton dissociation of $kn a mixture
of CH,, D,, and Ar. First-order decay ¢f] was moni- Reliability
tored by chemiluminescence from either HF or DF. De- 5 log k=+0.15 at 298 K.
pendence of decay rate on mixture composition gave A (g/R)= +200 K.
values fork and fork(F+D,).
(c) Time-resolved vibrational chemiluminescence from HF
Comments on Preferred Values

monitored following the production of F atoms in the .
resence of Chiby pulsed laser photolysis ob &t 266 The preferred value at room temperature is based on the
P by p P y room temperature values reported in Wageeal,! Kompa

nm. Rate coeff|C|e_nt values werg also rfaported at 218and Wanne?, Clyne et al.? Fasano and Nogdr,Moore
179, and 139 K, with the values increasing at tempera

et al,® Foon and Reid,and Persky. The preferred tempera-
tures below about 200 K. , _ ture dependence is that reported by PersResults reported
(d) Competitive fluorination-consumption  technique. i, s study are preferred over the temperature dependences
Value of k derived from measured

ratio yeported in the much earlier studies of Wagetrl® and
k/k(F+H,)=0.82 exp(3137) and k(F+Hp)=1.4  Egon and Reid.

X 10" 10 exp(—500/T) cn® molecule*s1.°

(e) Competitive study using DF-MS technique. Valuekof
derived from  measured ratio k/k(F+D,)
=1.21 exp(4207), the Kkinetic isotope effect 1 Gg. Wagner, J. Warnatz, and C. Zetzsch, An. Assoc. Quim. Argentina
K(F+H,)/k(F+D,)=1.04 exp(185T),*° and k(F+H,) 59, 169 (1971).

=1.4x10 %0 exp(~500/T) cm® molecule *s1.° 2K. L. Kompa and J. Wanner, Chem. Phys. Lét2, 560 (1972.

3
(f) Room temperature value is based on the room tempera—g/'égAG'(lAégy”e' D. J. McKenney, and R. F. Walker, Can J. Chéft,

ture values reported in Refs. 1-7. The temperature de<4p. M. Fasano and N. S. Nogar, Chem. Phys. L@#.411 (1982.
pendence is from PersIZy_ 5C. M. Moore, I. W. M. Smith, and D. W. A. Stewart, Int. J. Chem. Kinet.

26, 813(1994.
(g) Based on the room temperature results of Kompa andGR_ Foon and G. P. Reid, Trans. Faraday Si%.3513(1971).

Wanner; Clyne etal,® and Fasano and Nog&mthe  7a persky. J. Phys. Cheri00, 689 (1996,

298-450 K results of Wagnet al,* and the 253—348  8NASA Evaluation No. 12, 1997see references in Introduction
K results of Foon and Reid. 9IUPAC, Supplement V, 1997see references in Introductipn
10A. Persky, J. Chem. Phy59, 3612(1973.

References
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AH°=7.6 k3mol™*

EVALUATED KINETIC AND PHOTOCHEMICAL DATA

Cl + CH, — HCI + CHj

Rate coefficient data

341

k/cm® molecule* 72 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
7.94x 10”2 exy{ —(1260+ 35)/T] 218-401 Watsoret al, 1976 FP-RF(a)
(1.13+0.1)x 10 298
7.93x10 2 exf — (1272 51)/T] 218-322 Manning and Kurylo, 1977 FP-RF
(1.04+0.1)x 10 %3 296
6.51x 10 2 exf] —(1229+ 27)/T] 200-299 Whytoclet al, 1977 FP-RF(b)
(1.13+0.07)x107 13 299
(1.08+0.07)x10 %3 298 Michael and Lee, 1977 DF-RF
1.06x 10" ** ex —(1415+ 100)/T] 268-423 Lin, Leu, and DeMore, 1978 DF-MS
(9.6+0.9)x10™ 14 296
8.2x 10 12 exd —(1320+20/T] 200-300 Zahniser, Berquist, and Kaufman, 1978 DF-RF ()
(9.9+1.5)x10" 1 298
7.4x107 12 exd —(1291+68)/T] 220-298 Keyser, 1978 DF-RF (d)
(1.01+0.02)x 10713 298
3.2x10 2 exd —(1063+ 34)/T] 221-298 Ravishankara and Wine, 1880 PLP-RF(e)
(9.65+0.55)x 10" 14 298
8.06x 10" 2 ex{ —(1300+ 113)/T] 233-338 Heneghan, Knoot, and Benson, £981 ()
(9.60+0.50)x 10”14 298
(9.93+0.13)x 10" 4 298 Dobis and Benson, 1987 ()
(9.17+0.75)x 10”4 294 Sawerysyret al, 1987 DF-MS
(9.40+0.40)x 10" 4 298 Beichertet al, 19952 DF-RF
7.0< 10 2 exd —(1270*+ 60)/T] 181-291 Seeley, Jayne, and Molina, 1596 (9)
(9.9+0.3)x10 ¥ 298
(1.00+0.10)x 1013 298 Matsumiet al., 19974 PLP-LIF
3.7x 107 1%(T/298)>6 exp(—385/T) 292-800 Pilgrim, Mcllroy, and Taatjes, 1997 PLP (h)
(9.3+0.9)x10™ 1 292
Reviews and Evaluations
1.1x 10 exp(—1400m) 200-300 NASA, 199 0)
9.6x 10" 12 exp(—13501) 200-300 IUPAC, 1997 i)

Comments

These values were derived using the original data, but
correcting for the presence of,Hy; (see Addenda to

Non-linear Arrhenius behavior was observed over the
entire temperature rang200-500 K of measure-

ments. Data for the temperature range 200—-299 K are
well represented by the Arrhenius expression given in

Non-linear Arrhenius behavior was observed over the
entire temperature rang00-504 K of measure- (f)
ments. Data for the temperature range 200—300 K are
well represented by the Arrhenius expression given ing)

Non-linear Arrhenius behavior was observed over the
entire temperature rang€220-423 K of measure- (h)
ments. Data for the temperature range 220-298 K are
well represented by the Arrhenius expression given in

(a
Watson, 197%).
(b)
the table?
(©
the tablée®
(d)
the table’
(e)

Non-linear Arrhenius behavior was observed. At tem-
peratures at and below 240 K the apparent bimolecular
rate constant was dependent upon the chemical compo-

sition of the reaction mixture. Ravishankara and Wine
suggested that this was due to a nonequilibration of the
2p,, and ?P,, spin states of atomic chlorine at high
values of the pseudo-first order rate constiht,.e., if

the mixture did not contain an efficient spin equilibra-
tor, e.g., Ar or CCJ, the bimolecular rate constant de-
creased at high CHconcentrations, i.e., high values of
k’. The Arrhenius expression fde between 221 and
298 K was derived from the data shown in their Table
Il (excluding the high CHl concentration data in the
He—-CL—CH, system.

Very low pressure reactor system with MS detection of
reactants and products.

Turbulent flow tube technique at pressures near 80
mbar (60 Torn. The Cl atom decay was monitored by
RF.

Pulsed laser photolysis of GEI, at 193 nm. Time evo-
lution of HCI product was monitored by continuous
wave infrared long-path absorption at thé€3Rline of

the fundamental vibrational transition. Nonlinear
Arrhenius behavior was observed between 292 and 800
K and was described by the modified Arrhenius expres-
sion given in the table.
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(i) The 298 K rate coefficient was the average of the abtemperatures reported in the studies of Whytetkl,® Zah-
solute rate coefficients reported by Watsenal,® niseret al,® Keyser’ Ravishankara and Wirfeand Pilgrim
Manning and Kuryldd Whytock et al.® Michael and et all® Therefore, for some studies only a subset of the data
Lee? Lin et al,® Zahniseret al.® Keyser’ and Ravis- reported in the study was used. Results of relative rate stud-
hankara and Wirfeand the relative rate coefficients of ies were not used in this evaluation in the derivation of the
Pritchardet al,'%?° Knox,?* Knox and Nelsort? and  preferred values. In general, the relative rate d&afs. 5
Lin et al® The preferred Arrhenius expression was de-and 18—2]1 used in previous evaluations are in good agree-
rived to best fit all of the reliable experimental data ment with the preferred values at room temperature, but are
between 200 and 300 K. significantly lower than the preferred values at low tempera-

(j)  The preferred value at 298 K was obtained by takingtures.
the mean from the most reliable absoluté/atson
et al,! Manning and Kuryld Whytocket al.? Michael References
and Leé! Lin etal,® Zahniseret al.® Keyser! and
Ravishankara and Wifieand the most reliable relative :g 1. watson, G. Machado, S. Fischer, and D. D. Davis, J. Chem. Phys.
(Pritchardet al,*®?° Knox,?* Knox and Nelsorf? and 65, 2126(1976.

Lin etal® rate coefficient studies. The preferred 2;- S-V’\\/'Iﬁ“tfgfc‘lg 3‘”‘:' ML-eJe- }jugloMiJc'thS\}vCZe?é Zr?; (;257')_- 1. Stief. 3
Arrhenius expression was derived to best fit all the re- G o szseé, 26001679, » W A Fayne, S Seh
liable experimental data between 200 and 300 K. 4J. V. Michael and J. H. Lee, Chem. Phys. L&, 303(1977.

5C. L. Lin, M. T. Leu, and W. B. DeMore, J. Phys. Che8®, 1772(1978.

5 . . .
M. S. Zahniser, B. M. Berquist, and F. Kaufman, Int. J. Chem. Kih@t.
Preferred Values q 8

15 (1978.
- 1 - L. F. Keyser, J. Chem. Phy§9, 214 (1978.
— 13 1 1 ' )
k=1.0<10""~ cm® molecule *s™* at 298 K 8A. R. Ravishankara and P. H. Wine, J. Chem. Pi.25 (1980.
k=6.6X10" - exp(—1240T) cm® molecule s over 9S. P. Heneghan, P. A. Knoot, and S. W. Benson, Int. J. Chem. KiBgt.
the temperature range 200-300 K. 677(198)).

100, Dobis and S. W. Benson, Int. J. Chem. Kink9, 691 (1987.
113.-P. Sawerysyn, C. Lafage, B. Meriaux, and A. Tighezza, J. Chim. Phys.

Reliability 1284, 1187(1987.
— 4+ P. Beichert, L. Wingen, J. Lee, R. Vogt, M. J. Ezell, M. Ragains, R.
i IO? K __+0'O6 at 298 K. Neavyn, and B. J. Finlayson-Pitts, J. Phys. Che8.13156(1995.
(E/R)==200 K. 13). V. Seeley, J. T. Jayne, and M. J. Molina, J. Phys. Chi0n, 4019
(1996.
c t Pref d val 14y, Matsumi, K. Izumi, V. Skorokhodov, M. Kawasaki, and N. Tanaka, J.
omments on Freierred values Phys. Chem. ALO1, 1216(1997.

The preferred Arrhenius expression is derived from a5, s. pilgrim, A. Mcliroy, and C. A. Taatjes, J. Phys. Cheml@4, 1873
least-squares fit to the experimental data between 200 aqg[l997)- _ _
300 K reported in the studies of Watsehal.,l Manning and 17NASA Evaluation No. 12, 1997see referencgs in Introductipn
2 3 g é Li 5 IUPAC, Supplement V, 1997see references in Introduction
Zahniseet al.® Keyser! Ravishankara and WirfedHeneghan  °H. 0. Pritchard, J. B. Pyke, and A. F. Trotman-Dickenson, J. Am. Chem.

etal,’ Dobis and Bensol Sawerysynet al,'! Beichert _Soc.76, 1201(1954.
et al,12 Seeleyet al.'® Matsumiet al,'4 and Pilgrimet al® 204, 0. Pritchard, J. B. Pyke, and A. F. Trotman-Dickenson, J. Am. Chem.

) Soc.77, 2629(1955.
The data used were restricted to the 200—-300 K temperatunelofi. Knox, C(hem.alndust. 1631.955; modified by Linet al.5

range because of the curvature in the Arrhenius plot at highéfJ. H. Knox and R. L. Nelson, Trans. Faraday S8%. 937 (1959.
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Cl + CZHZ + M — C2H2C| + M
Low-pressure rate coefficients

Rate coefficient data

Ko /e molecule* st Temp./K Reference Technique/Comments
Absolute Rate Coefficients

(3.15+0.30)x 102 T35 [Ar] 210-361 Brunning and Stief, 1985 FP-RF(a)

6.9<10 °[Ar] 298
Relative Rate Coefficients

(5.2+0.7)x 1072 [air] 295 Wallingtonet al, 199G (b)

5.4x 10720 (T/300)" 292 [air] 252-370 Kaiser, 1992 ()

(6.1+0.2)x 103 [air] 297 Kaiser and Wallington, 1996 (d)
Reviews and Evaluations

5.9x 10720 (T/300) % [air] 200-300 NASA, 1997 (e)

5.7x 10730 (T/300) 2 [N,] 200-300 IUPAC, 1997 ()

Comments FTIR (13—920 mbar. The following values were used

@

(b)

(©

(d)

for the reference abstraction reactions: X 1D 13
c® moleculets™  (CI+CH,), 4.9x10 Bcn?®
molecule st (CI+CH4CI), 5.7x10 1 cmd
molecule*s™* (Cl+C,Hg) and 8.0510 2 cnm
molecule *s™! (CI+C,HsCl). The results were ana-

presence of Gt and G (or GHC). Thececaysof 1220 0%, Y0 Dot Hetermnolons peromen
C,H,, C,Hg (or C,H5CI) were followed by FTIR spec- EPOT IR ' P
L . F.=0.6:
troscopy. The measured rate coefficient ratios havT
fi-

The concentration of the bath gas Ar was varied over
the range (2.7-120)10'" molecule cm?. Some ex-
periments with N were also conducted. Falloff ex-
trapolations were made usirkg,= 0.6.

Cl atoms were generated by photolysis of, @l the

been placed on an absolute basis using a rate coef € Based on measurements of Refs. 3 and 4.
cient of K(Cl+C,Hg)=5.7x10" ™ e molecule™ f) Based on the preferred values of IUPAC, 1992

7 slightly modified to accommodate for the recent deter-
s ~. Measurements were conducted over the pressure

range 0.013 mbar—7.6 bar. Falloff extrapolations were mination of Kaiser.
made withF.=0.6.

Mixtures of GH,, C,Hg, Cl, and diluent(air, N,, or
SF;) were irradiated by a UV fluorescent lamp,HG
and C_‘QHG concentr_ations were determined by GC. The ko=6.1X 10~ 3%(T/300) 3 [N,] cn® molecule s over
reaction was studied at pressures betv_veen 0.03 and Li{ temperature range 200—300 K.

bar. The measured rate coefficient ratios are placed on

an absolute basis using the rate coefficient 8.68 =

X 10~ exp(—113/T) cn® molecule > st for the re-  Reliability

action CHC,Hs—C,Hs+HCI. Falloff extrapolations 2 109k==0.3 at 298 K.

were made with a temperature independegt 0.6. An==1.

Mixtures of Cb, C,H, CH, CHCIl, CHg and

C,HsCl and the diluent gases air and Were irradiated Comments on Preferred Values

with a UV fluorescent lamp. After irradiation ,8,, The preferred values are based on the recent room tem-
CH,, and CHCI were monitored by GC(0.4-13 perature measurements of Kaiser and Wallingterich
mbal, CH;Cl, C,Hg, and GHsCI were determined by have been evaluated with.=0.6.

Preferred Values

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999
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High-pressure rate coefficients

Rate coefficient data

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

(1.52+0.15)x 10 4 T~263 210-361 Brunning and Stief, 1985 FP-RF(a)

4.7x10 1 298

Relative Rate Coefficients

(2.3+0.7)x1071° 295 Wallingtonet al,, 199G (b)
2.13x 10 %0 (T/300) 1045 252-370 Kaiser, 1992 (c)
(2.0+0.1)x10°1° 297 Kaiser and Wallington, 1996 (d)
Reviews and Evaluations
2.1x 10 1° (T/300) +© 200-300 NASA, 1997 (e
2.3x1071° 200-300 IUPAC, 1997 (f)
Comments 7.9 baj. They have been evaluated wit,=0.6. With a

choice of F.=0.4, ko/[N,]=7.1x10 3% cm® molecule
st and k,=3.5x10 ° cm®* molecule *s™! would have
been fitted at 298 K. Relative rate coefficients near 1 bar
from Refs. 7-9 are in good agreement with the preferred
k=5.2x10" ' cm® molecule 1 s~ at 298 K and 1 bar of Vvalues.
air.
k.=2.0x10 1% cm® molecule s, independent of tem- References
perature over the range 200—400 K.

(8)—(f) See commenta)—(f) for kq.

Preferred Values

1J. Brunning and L. J. Stief, J. Chem. Phg8, 1005(1985.
2T. J. Wallington, J. M. Andino, I. M. Lorkovic, E. W. Kaiser, and G.
Reliability Marston, J. Phys. Cherd4, 3644(1990.
A logk,=+0.3 at 298 K. 3E. W. Kaiser, Int. J. Chem. Kine24, 179(1992.
An=-+1 4E. W. Kaiser and T. J. Wallington, J. Phys. Chetf0, 4111(1996.
- SNASA Evaluation No. 12, 1997see references in Introductipn
8|UPAC, Supplement V, 1997see references in Introduction
’F. S. C. Lee and F. S. Rowland, J. Phys. Ch8f).684 (1977).
Comments on Preferred Values . 8R. Atkinson and S. M. Aschmann, Int. J. Chem. Kinkt, 33 (1985.
The preferred values are based on the data of Kaiser aneﬁ J. Wallington, L. M. Skewes, and W. O. Siegl, J. Photochem. Photo-

Wallingtorf* which cover the broadest pressure raf@d3— biol. A45, 167 (1988.

Cl + C2H4 + M —_— C2H4C| + M

Low-pressure rate coefficients

Rate coefficient data

Ko /e molecule* st Temp./K Reference Technique/Comments
Relative Rate Coefficients

(1.6"3 9 x 1072 [air] 295 Wallingtonet al, 199¢ RR (a)

(1.7£0.3)x 107 2° (T/298) 3?8 air] 297-383 Kaiser and Wallington, 1996 (b)

(1.42+0.05)x 10~ ?° [air] 297
Reviews and Evaluations

1.6x 1072 (T/300) 32 [air] 200-300 NASA, 199¥ (c)

1.6x 107 2° (T/300) 3% [air] 200-300 IUPAC, 1997 (d)
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Comments

(@ Measurements ok performed by a relative rate tech-
nique. Cl atoms were generated by photolysis ofi€l
the presence of £1,, and GHg (or C,HsCl). Decay of
C,H,4, CHg (or C,HsCI) monitored by FTIR spectros-
copy. Using a value of 5X10 ! cm®molecule?
st for the rate coefficient for the @GIC,Hs—C,Hs

+HCI reaction, the relative data were placed on an

absolute basis. The reaction was studied over the pres-
sure range 13—-4000 mbar and the measured rate coef-

ficients fitted withF,=0.6.

Mixtures of Cb, C;H,, CH,, CH,CI, CCLH, C,Hg, and
C,HsCl and the diluent gases air and Were irradiated
with a UV fluorescent lamp. After irradiation, ,8,

(©

345

at 130-4000 mbar of dirand extrapolated with
F.=0.6. The valueAH] o= (295.4+1.7) kJ mol*

for the GHj radical was derived from the measure-
ments.

Based on the data of Ref. 1. The temperature depen-
dence is taken from Kaiser and Wallington.

Based on the measurements of Wallingetral! and

an estimated temperature dependence similar to that
determined for the reaction E€IC,H,+M
—C,H,Cl+M.

(d)

Preferred Values

Ko=1.7x102%(T/300) 3Jair] cm® molecule 1 s over

the temperature range 250-300 K.

and the above reference compounds were determined
by GC or FTIR techniques. The experiments were per-

formed at total pressures of 0.26—130 mbar. The fol-
lowing values were used for the reference abstraction A log ko=

reactions: 1.810 12 cm® molecule* s71 (CI+CH,),
4.9x10° 8 cm® molecule! s (CI+CHLCl), 1.1
%1013 cm® molecule * st (CI+CCLH), 5.7x10 1
cm® molecule * s™! (Cl+C,Hg), and 8.0510 2 cm®
molecule! s (CI+C,H:Cl). The results were ana-

Reliability
+0.5 at 298 K.
An==*1.

Comments on Preferred Values
The new measurements of Ref. 2 together with previous
determination’ allow for an extrapolation td, (F.=0.6

lyzed together with previous determinations conductedvas usetl The temperature dependence is from Ref. 2.

High-pressure rate

Rate coefficie

coefficients

nt data

k. /cm® molecule st Temp./K Reference Technique/Comments
Relative Rate Coefficients
(3.052 ) x 107 295 Wallingtonet al., 199¢ FP-FTIR(a)
(3.2+0.15)x 10" 1° 297 Kaiser and Wallington, 1986 (b)
Reviews and Evaluations
3.1x1071° (T/300) 1° 200-300 NASA, 1997 (c)
3x10° % 250-300 IUPAC, 1997 (d)

Comments

(8)—(d) See comment&a)—(d) for k.

Preferred Values

k=1.1x10 1% cm® molecule * s7* at 298 K and 1 bar of
air.

k..=3x10 1 cm®molecule *s%, independent of tem-
perature over the range 250-300 K.

Reliability
A log k,=+0.3 at 298 K.
An==*1,

Comments on Preferred Values
The falloff extrapolation of the data from Ref. 1 witk,

=0.6 is consistent with results in the intermediate falloff
range>~° The new results of Kaiser and Wallingtoare in
very good agreement with their previous restilts.

References

7. J. wallington, J. M. Andino, I. M. Lorkovic, E. W. Kaiser, and G.
Marston, J. Phys. Chen®4, 3644(1990.

2E. W. Kaiser and T. J. Wallington, J. Phys. Chetf0, 4111(1996.

3NASA Evaluation No. 12, 1997see references in Introductipn

4IUPAC, Supplement V, 1997see references in Introductipn

5F. S. C. Lee and F. S. Rowland, J. Phys. Ch8f).1235(1977.

6S. R. lyer, P. J. Rogers, and F. S. Rowland, J. Phys. CI8fmn3799
(1983.

’R. Atkinson and S. M. Aschmann, Int. J. Chem. Kirkt, 33 (1985.

8R. Atkinson and S. M. Aschmann, Int. J. Chem. Kink®, 1097 (1987.
9T. J. Wallington, L. M. Skewes, and W. O. Siegl, J. Photochem. Photo-
biol. A45, 167 (1988.
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AH°=-8.7 kImol™*

ATKINSON ET AL.

CI + C2H6—> HCI + C2H5

Rate coefficient data

k/cm® molecule st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(6.0+1.5)x10"1* 298 Davis, Braun, and Bass, 1970 FP-RF(a)
7.29x10 M exd — (61+44)/T] 222-322 Manning and Kurylo, 1977 FP-RF
(5.93+0.44)x 10" 1! 296
(5.95+0.28)x 10" 1! 298 Ray, Keyser, and Watson, 1§80 DF-MS
9.01x 10 ™ ex —(133+ 15)/T] 220-604 Lewiset al, 198¢ DF-RF
(5.48+0.30)x 10" 1 298
8.20x 10~ ™ ex{{ —(86+ 10)/T] 203-343 Dobis and Benson, 1§91 (b)
(6.10+0.11)x 10" 1* 298
(7.05+1.4)x 10 % 298 Kaiseret al, 1992 PLP-IRA
(5.9+0.6)x10° 11 297 Stickelet al, 19927 PLP-TDLS
(5.53+0.21)x 107 ¢ 298 Beichertet al, 1998 DF-RF
(5.75-0.45)x 10 11 298 Tyndallet al, 1997 FP-RF
8.6x 10 1! exd — (135 26)] 292-600 Pilgrimet al,, 1997° PLP (c)
(5.5+0.2)x10" 1! 292
Relative Rate Coefficients
(6.5+1.3)x10° 1! 296 Hooshiyar and Niki, 1995 RR (d)
(5.7+1.2)x10" 1 298 Beichertet al, 1998 RR ()
(5.9+1.2)x10 1 297 Tyndallet al, 1997 RR (f)
Reviews and Evaluations
7.7x 10 ! exp(—90/T) 220-350 NASA, 1997 (9)
8.1x 10 ! exp(—95/T) 220-600 IUPAC, 1997 (h)

(@
(b)

(©

(e)

(f)

Comments

Reported value has been reduced by 10% as discussed
previously*

Very low pressure reactor study. Cl atoms were genergg)
ated by microwave discharge of SIHe mixtures, with
MS analysis of reactants and products.

Cl atoms generated from pulsed laser photolysis of
CF,Cl, at 193 nm. Time evolution of HCI product was
monitored by continuous wave infrared long-path ab-
sorption at the B3) line of the fundamental vibrational
transition. h
Cl atoms generated by photolysis of,@ N, at 1 bar
pressure. Relative disappearance rates of organics stud-
ied were measured by GC. Rate coefficient ratio
k/k(Cl+n-CyH;0) =0.294+ 0.023 is placed on an ab-
solute basis by use ok(Cl+n-C,H;0)=2.2x10" 10

cm® molecule ! s72 (this evaluation

Cl atoms generated by photolysis of,@ air at 1 bar
pressure. Relative disappearance rates of organics stud-
ied were measured by GC. Rate coefficient ratio

k/k(Cl+n-C4H,0) =0.267+0.037 is placed on abso-
lute basis by use ofk(Cl+n-CyH;0)=2.2x10 1°

cm® molecule ! s (this evaluation

The 298 K rate coefficient was the mean of the abso-
lute rate coefficients of Daviet al,! Manning and
Kurylo,? Ray et al.® and Lewiset al,* with the tem-
perature dependence being that which best fit the data
of Manning and Kuryld and Lewiset al? The results

of Dobis and Benson Kaiser et al.® Beichertet al,?

and Hooshiyar and Nikt were in good agreement with
the recommendation.

The 298 K rate coefficient was the average of the room
temperature rate coefficients of Dawsal,! Manning

and Kurylo? Ray etal,® Lewis etal,* Dobis and
Bensor?, and Stickelet al.” The temperature depen-
dence was the average of those from the studies of
Manning and Kuryld Lewis et al,* and Dobis and
Bensorm

Preferred Values

k/k(Cl+n-C4H;0) =0.261+0.013 is placed on abso- k=5.9x10"*"cm’molecule*s™* at 298 K.

lute basis by use ofk(Cl+n-C,H;0)=2.2x10 1°
cm® molecule 1 s (this evaluation
Cl atoms generated by photolysis of,@t air or N, at

k=8.3x10 ! exp(—100/T) cm® molecule * s* over the
temperature range 220-600 K.

a total pressure of 156—666 mbgt17—-500 Torr.  Reliability
Relative disappearance rates of organics studied were A log/k=+0.06 at 298 K.
measured by GC or FTIR. Rate coefficient ratio A(E/R)==100 K.
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Comments on Preferred Values 3G. W. Ray, L. F. Keyser, and R. T. Watson, J. Phys. Chef.1674

The 298 K rate coefficient is the average of the room (1980.
temperature absolute rate coefficients of Daatisal.,l Man- 4R. S. Lewis, S. P. Sander, S. Wagner, and R. T. Watson, J. Phys. Chem.
ning and Kurylo® Ray etal,® Lewis etal,* Dobis and o 2009(1980.

: 6 70 8 ®0. Dobis and S. W. Benson, J. Am. Chem. Sbt3, 6377 (1991.
Bensor?, Kaiseret al.® Stickel et al,” Beichertet al., Tyn- SE.W. Kaiser, L. Rimai, E. Schwab, and E. C. Lim, J. Phys. CH@#n303

dall et al.® and Pilgrimet al!° The temperature dependence (1992.

is the average of those from the temperature-dependent studR. E. Stickel, J. M. Nicovich, S. Wang, Z. Zhao, and P. H. Wine, J. Phys.
les of Manning and Kligyla’ Lewis et al.’4 Dobis and sgheBZi?l?éer?(\}\ﬁgaén J. Lee, R. Vogt, M. J. Ezell, M. Ragains, R
Bensons’ and Pllgrlmet- al."The rc.)om tgmperatureSreIatwe Neavyn, anbl B. J. F?nla’yson-Pitis, J. Phgyé. Chem.l31’56(1995)§.] Y
rate values of Hooshiyar and Niki, Beichertet al,® and 9G. S. Tyndall, J. J. Orlando, T. J. Wallington, M. Dill, and E. W. Kaiser,
Tyndall et al® are in good agreement with the preferred int. 3. Chem. Kinet29, 43(1997).

value, while those of Atkinson and Aschmanmnd Wall- ~ °J. S. Pilgrim, A. Mcllroy, and C. A. Taatjes, J. Phys. Cheml@¥, 1873

ingtonet al'® are 20%-30% higher than the preferred value. ,(1997- _ - _
P. A. Hooshiyar and H. Niki, Int. J. Chem. Kine27, 1197(1995.
12NASA Evaluation No. 12, 1997see references in Introductipn
BJUPAC, Supplement V, 1997see references in Introduction
1 CODATA, 1980(see references in Introductipn
1D. D. Davis, W. Braun, and A. M. Bass, Int. J. Chem. Kin2f.101 15R. Atkinson and S. M. Aschmann, Int. J. Chem. Kirkt, 33 (1985.
(1970. 16T, J. Wallington, L. M. Skewes, W. O. Siegl, C.-H. Wu, and S. M. Japar,
2R. G. Manning and M. J. Kurylo, J. Phys. Che@1, 291 (1977. Int. J. Chem. Kinet20, 867 (1988.

References

Cl + C3H6 +M— C3H6CI + M

Low-pressure rate coefficients

Rate coefficient data

ko /cn molecule* st Temp./K Reference Technique/Comments
Relative Rate Coefficients
(4.020.4)X 10728 [N,] 298 Kaiser and Wallington, 1996 @
Comments erence reaction GIC,Hg—C,Hs+HCI of 5.9x 10 *

;11
(@ CI atoms were generated by photolysis of, @i the c® molecule™ s~ was employed.

presence of gHg, C,Hg, and 1-900 mbar of N CsHg Preferred Values
consumption was determined by FTIR or GC analysis,

the major products being 3-chloropropene and 1,2- ko=
dichloropropane. At low pressuréelow 12 mbar
3-chloropropene is the major product indicating thatReliability

the abstraction of H by Cl from the 8, is the domi- A log ky=*0.5 at 298 K.

nant channel. At pressures higher than 12 mbar, the

primary product observed is 1,2-dichloropropane, indi-Comments on Preferred Values

cating that addition of a Cl atom to the double bond is  The preferred value is based on the only value repdrted.
the major channel. The limiting rate coefficients wereDue to this and to the uncertainty of the extrapolatgd a
obtained usind=.=0.6. A rate coefficient for the ref- large error limit is assigned.

4.0x10 22 [N,] cm® molecule * st at 298 K.
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High-pressure rate coefficients

Rate coefficient data

k. /cm® molecule st Temp./K Reference Technique/Comments
Relative Rate Coefficients
(2.44+0.08)x 10710 296 Atkinson and Aschmann, 1985 (@
(3.22+0.13)x10°1° 295 Wallington, Skewes, and Siegl, 1§83 (b)
(2.7+0.4)x10° 10 298 Kaiser and Wallington, 1996 (0
Comments k,,=2.8x10 *° cm® molecule * s ! at 298 K.

(@ ClI atoms generated by the photolysis of
Cl,-n-C4H;o—CsHg—air mixtures at 1 bar. The reaction Reliability
was studied relative to the reaction 40h-C4Hqq A log k,=*+0.3 at 298 K.
—products for which a rate coefficient 1.9710 1©
;11
cm® molecule * s~ was used. gHg andn-C,H;, were Comments on Preferred Values

analyzed by GC. _ The preferred value is an average of earlier results from
(b)  Clatoms were formed by photolysis of Gh the pres-  Refs 2 and 3 and the more recent determination by Kaiser
ence of GHes and GHg or n-C4Hyo at atmospheric 54 wallingtont At room temperature and atmospheric pres-
pressure of synthetic air. The decay rate gHEwas  gyre, the addition of CI atoms to the double bond accounts
measured relative to that ofxBs or n-CHyo and o approximately 90% of the reactidriThe H atom abstrac-

placed on an absolute basis using rate coefficients oy gccurs from the C—H bonds of the methyl grdup.
5.7x10 ' cm® molecule ' st and 2.25¢107 19 cm?

molecule*s™! for the reference reactions, respec-
tively.

(c) See commenta) for kg. References

Preferred Values LE. W. Kaiser and T. J. Wallington, J. Phys. Chetd0, 9788 (1996.

2R. Atkinson and S. M. Aschmann, Int. J. Chem. Kirt, 33 (1985.
_ —10 11 ' '
. k=2.3x10 ' cm’ molecule ' s™* at 298 K and 1 bar of 37 Wallington, L. M. Skewes, and W. O. Siegl, J. Photochem. Photo-

alr. biol. A: Chem.45, 167 (1988.
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CI + C3H8—> HCI + I‘I—C3H7

— HCI + i'C3H7

AH°(1)=-11.6 kJmol™*
AH°(2)=-19.1 kJmol™?

349

(1)
(2)

Rate coefficient data

k/cm® moleculet s7* Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.36x 107 19 exf (44 25)/T] 220-607 Lewiset al, 198¢ DF-RF (a)
(1.51+0.06)x 107 1° 298
(1.23+0.10)x 10710 298 Beichertet al, 1995 DF-RF (b)
(1.38+0.03)x 10 % 292-700 Pilgrim, Mcllroy, and Taatjes, 1997 PLP (c)
Relative Rate Coefficients
(1.50+0.30)x 10 *© 296 Atkinson and Aschmann, 1985 RR (d)
(1.56+0.30)x 10710 295 Wallingtonet al., 1988 RR ()
(1.44+0.30)x 10710 296 Hooshiyar and Niki, 1995 RR (f)
(1.44+0.26)x 10710 298 Beichertet al, 1995 RR (g)
(1.43+0.25)x 10 % 297 Tyndallet al, 1997 RR (h)
Reviews and Evaluations
1.2x 10 1% exp(40T) 220-600 NASA, 199% ()
1.2x 10710 exp(40m) 220-600 IUPAC, 1997 ()

(@

(b)

(©

(d)

(e)

(f)

Comments

Rate constant was measured at three temperatures: 220,
298, and 607 K. Within experimental uncertainty, these
three values were the same. Authors gave as an alteffg)
native rate expression the simple mean of the three
values:k=(1.58+0.13)x 10" 1 cm® molecule * s 2.

Both relative and absolute rate studies of reactions of
Cl atoms with G—-C, alkanes. Direct measurement of
ratio k/k(Cl+C,Hg) is in good agreement with the ra- (h)
tio of the absolute values.

Cl atoms were generated from pulsed laser photolysis
of CF,Cl, at 193 nm. Time evolution of HCI product
was monitored by continuous wave infrared long-path
absorption at the 8) line of the fundamental vibra-
tional transition.

Cl atoms were generated by photolysis of @lair at 1 (i)
bar pressure. Relative disappearance rates of organics
studied were measured by GC. Rate coefficient ratio
k/k(Cl+n-CyH;0) =0.681+0.025 is placed on abso-
lute basis by use ofk(Cl+n-C,H;0)=2.2x10 1°

cm® molecule 1 s (this evaluation

Cl atoms were generated by photolysis of @l air at

990 mbar(740 Torp pressure. Relative disappearance
rates of organics studied were measured by GC. Rate
coefficient ratio k/k(Cl+n-C4H;0)=0.711+0.019 is
placed on absolute basis by use IqfCI+n-C,H,)
=2.2x10 ' cm® molecule * s7* (this evaluation

Cl atoms were generated by photolysis of @ N, at

k/k(Cl+n-C4H,0) =0.656+0.009 is placed on abso-
lute basis by use ofk(Cl+n-CyH;0)=2.2x10 1°
cm® molecule s (this evaluation

Cl atoms were generated by photolysis of @lair at 1

bar pressure. Relative disappearance rates of organics
studied were measured by GC. Rate coefficient ratio
k/k(Cl+C,Hg) =2.44+0.26 is placed on absolute basis
by use of k(Cl+C,Hg)=5.9x10* cm® molecule *

s ! (this evaluation

Cl atoms were generated by photolysis of @l air or

N, at a total pressure of 156—666 mberl7—500
Torr). Relative disappearance rates of organics studied
were measured by GC or FTIR. Rate coefficient ratio
k/k(Cl+C,Hg) =2.42+0.10 is placed on absolute basis
by use of k(Cl+C,Hg)=5.9x10* cm® molecule *

s ! (this evaluation

Based on results of absolute rate studies of Lewis
et al! and Beicheret al,? and the relative rate studies
of Atkinson and AschmanfWallington et al.> Hoo-
shiyar and Nik® Pritchard et al,'® and Knox and
Nelson'?

Based on results of the absolute rate study of Lewis
et al,! and the relative rate studies of Atkinson and
Aschmanrf, Wallington et al,® Pritchardet al,*® and
Knox and Nelsort!

Preferred Values

1 bar pressure. Relative disappearance rates of organicsk=1.4x 10" %% cm® molecule * s, independent of tem-
studied were measured by GC. Rate coefficient ratigperature over the range 200—700 K.
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Reliability References

A log k=+0.06 at 298 K.

A(E/R)=+100 K.

1R. S. Lewis, S. P. Sander, S. Wagner, and R. T. Watson, J. Phys. Chem.
84, 2009(1980.

Comments on Preferred Values 2p. Beichert, L. Wingen, J. Leg, R. Vogt, M. J. Ezell, M. Ragains, R.

The preferred value at room temperature is the mean of thgNeavwyn. and B. J. Finlayson-Pitts, J. Phys. Ch88.13156(1995.
absolute values reported by Lewas al.® Beichert et al.2 J. S. Pilgrim, A. Mcllroy, and C. A. Taatjes, J. Phys. Chem1@{, 1873

e r y Lewss al, - (1997.

and Pilgrimet al,” and the relative values reported by At- “R. Atkinson and S. M. Aschmann, Int. J. Chem. Kinkt, 33 (1985.
kinson and Aschmanh Wallington et al.,®> Hooshiyar and ~ °T.J. Wallington, L. M. Skewes, W. O. Siegl, C.-H. Wu, and S. M. Japar,

ilei 6 ; 2 7 Int. J. Chem. Ki 7(1 .
.lel’ BeIChert.Et al.” and Tyndallet al. The.telmperature 6F?.tAJ. Fcizooes?iyalrnfrtuzioi—l.s?\lilii,?ﬁ?J. Chem. Kine27, 1197(1995.
mdependence is based on the reS_UIt_S of L3&Wl8|. over the ’G. S. Tyndall, J. J. Orlando, T. J. Wallington, M. Dill, and E. W. Kaiser,
range 220-607 K and those of Pilgrieh al® over the range Int. J. Chem. Kinet29, 43 (1997.
292-700 K. Tyndallet al’ studied the mechanism of the °NASA Evaluation No. 12, 1997see references in Introduction

; : ; °|UPAC, Supplement V, 1997see references in Introductipn

reaction at 29? K and reported the yield Of_l propyl radlCa‘lsloH. O. Pritchard, J. B. Pyke, and A. F. Trotman-Dickenson, J. Am. Chem.
to be (43c3)% and that of 2-propyl radicals to be (57 goc.77, 2629(1955.
+3)%. 113, H. Knox and R. L. Nelson, Trans. Faraday S8, 937 (1959.

CI + n'C4H10—> HCI + C4Hg

Rate coefficient data

k/cm® molecule *s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

2.15x 10" 0 exf (12+26)/T] 298-598 Lewiset al, 198¢ DF-RF (a)

(2.25+0.10)x 10710 298

(1.8+0.2)x10°1° 298 Nesbitt and Leone, 1982 (b)

(2.11+0.18)x 10710 298 Beichertet al, 1995 DF-RF ()

(2.15+0.15)x 10" % 298 Tyndallet al, 1997 FP-RF(d)

Comments Reliability

A logk==0.06 at 298 K.

(@ Rate constant was measured at three temperatures: 298’A(E/R) — 4100 K.

422, and 598 K. Within experimental uncertainty, these

three values were the same. Authors gave as an alter-

native rate expression the simple mean of the threé€omments on Preferred Values

values:k=(2.20+0.10)x 10" 1° cm® molecule * s, The preferred value at room temperature is the mean of the
(b) Laser photodissociation of Clwith time-resolved Values reported by Lewist al,' Beichertet al,® and Tyndall

monitoring of infrared emission of HClv(=1) prod- €t al? The temperature independence is based on the results

uct. of Lewis et al! over the range 298-598 K and is supported

(c) Both relative and absolute rate studies of reactions oPy the relative measurementf of Tyndal al? over the
Cl atoms with G—C, alkanes. Direct measurement of range 298—-540 K. Tynda#t al" studied the mechanism of

ratio k/k(Cl+C,Hg) is in very good agreement with the reaction at 298 K and reported the yield of 1-butyl radi-

the ratio of the absolute values. cals to be (2&2)% and that of 2-butyl radicals to be
(d) Both relative and absolute rate studies of reactions of 71+2)%.

Cl atoms with GHg, CsHg, and n-C4Hq,. Measure-

ments of k/k(CI+C,Hg) over the temperature range

298-540 K support the essentially zero temperature

dependence fok reported by Lewiset al! GC mea-

surements at 298 K show that the reaction

Cl+n-C4Hyo yields (29:2)% 1-butyl radicals and | )
(71i2)% 2-buty| radicals. R. S. Lewis, S. P. Sander, S. Wagner, and R. T. Watson, J. Phys. Chem.

84, 2009(1980.

References

Pref d Val 2D. J. Nesbitt and S. R. Leone, J. Phys. Ch&®).4962(1982.
rererre alues 3p. Beichert, L. Wingen, J. Lee, R. Vogt, M. J. Ezell, M. Ragains, R.

- 1 1 Neavyn, and B. J. Finlayson-Pitts, J. Phys. Che#.13156(1995.
_ 10 11
k=2.2x10"' cm® molecule * s™*, independent of tem- 4G. S. Tyndall, J. J. Orlando, T. J. Wallington, M. Dill, and E. W. Kaiser,

perature over the range 290-600 K. Int. J. Chem. Kinet29, 43 (1997).
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Cl + HCHO — HCI + HCO

AH°=-61.9 kdmol™?*

Rate coefficient data

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

(7.48+0.50)x 10" 1! 200-500 Michaekt al, 1979 FP-RF

1.09x 10710 ex —(131+98)/T] 223-323 Anderson and Kurylo, 1979 FP-RF

(7.18+0.61)x 10" ! 293

(7.4+0.7)x10" 1 298 Fasano and Nogar, 1981 PLP-CL
Relative Rate Coefficients

(7.6+0.6)x10° 11 298 Niki et al,, 1978 RR (a)

(6.8+1.4)x10" 1! 295 Poulet, Laverdet, and Le Bras, 1881 RR (b)
Reviews and Evaluations

8.1x 10 ! exp(—30/T) 200-500 NASA, 1997 (©

8.2x 10 ! exp(—34/T) 200-500 IUPAC, 1997 (d)

Comments Comments on Preferred Values

The preferred temperature dependence is based on a least-
squares fit to the 200—500 K data of Micha¢lal! and the
223-323 K data of Anderson and Kurylid@he preferred 298
K rate coefficient is based on these absolute stidi@sd the
room temperature data of Nildt al,* Fasano and Nogadr,
and Pouletet al.” all of which are in good agreement. The
preferred values are identical to those in our previous evalu-
ation, IUPAC, 1997.

(@ Competitive photochlorination between HCHO and
C,Hg using FTIR. The measured rate coefficient ratio
k/k(Cl+C,Hg)=1.3=0.1 is placed on an absolute ba-
sis by use of k(Cl+CHg=5.9x10 cm?
molecule s (this evaluation

(b) DF-MS study. Value ok derived from measured ratio
of k/k(Cl+C,Hg) =1.16+0.12 andk(CIl+C,Hg) =5.9
% 10~ cm® molecule * s7* (this evaluation

(c) Based on data in Refs. 1-5.

(d) See Comments on Preferred Values.

Preferred Values References

k=7.3x10 ' cm® molecule * s at 298 K. 1J. V. Michael, D. F. Nava, W. A. Payne, and L. J. Stief, J. Chem. PHys.

k=8.2x10 ! exp(—34/T) cm® molecule * st over the 2él‘g(/i929- 4.3, Ky, 3. Phys. Chit, 20531979
_ . C. Anderson an . J. Kurylo, J. yS. . .
temperature range 200-500 K. 3D. M. Fasano and N. S. Nogar, Int. J. Chem. Kir&, 325 (1981.
4H. Niki, P. D. Maker, L. P. Breitenbach, and C. M. Savage, Chem. Phys.
Lett. 57, 596 (1978.

Re“ablllty . 5G. Poulet, G. Laverdet, and G. Le Bras, J. Phys. CH&8n1892(1981).
A logk==*0.06 at 298 K. 6NASA Evaluation No. 12, 1997see references in Introduction
A(E/R)=*100 K. "IUPAC, Supplement V, 1997see references in Introduction
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Cl + CH5CHO — HCI + CH4CO (1)

— HCl + CH,CHO  (2)

AH°(1)=—57.8 kJmol ™!
AH°(2)=-37.3 kJmol™?

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

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

(6.6+1.4)x10 1 210-343 Paynet al, 199¢ FP-RF
Relative Rate Coefficients

(7.9+1.2)x10° ¢ 298 Niki et al, 198% RR (a)

(8.15+0.82)x 10" ! 295+ 2 Wallingtonet al, 1988 RR (b)

(6.14+0.54)x 10" 298 Bartels, Hoyermann, and Lange, 1689 RR (c)
Branching Ratios

k, /k<0.01 298 Nikiet al, 198% (@

k,/k<0.07 298 Bartels, Hoyermann, and Lange, 1989 (o)
Reviews and Evaluations

7.2x10° 1 210-340 IUPAC, 1997 (d)

Comments Reliability

(a

(b)

(©

(d)

k=7.2x10 ' cm® molecule ' s7%, independent of tem-

A log k=%0.15 at 298 K.

Cl atoms were generated by photolysis of, @ 930 A(E/R) = =300 K.

mbar (700 Torp total pressure of N Relative decay
rates of CHCHO and GHg measured, and the mea-

sured rate coefficient ratio is placed on an absolute baComments on Preferred Values
sis by use of k(Cl+CHg=5.9x10 cm? The preferred 298 K rate coefficient is the average of the

molecule * s7* (this evaluation The branching ratio absolute rate coefficient of Payeeall and the relative rate
was determined from FTIR Spectroscopic productCOGfﬁCientS of Nikiet aI.,2 WaIIington et al.,3 and Bartels
analysis. et al* The lack of a temperature dependence of the rate co-
Cl atoms were generated from the photolysis of i@l ~ efficient is consistent with the data of Payeeal! The
Cl,—N,—CH;CHO—-G,Hg mixtures and the relative de- branching ratio is derived from the data of Ni&t al? and
cay rates of CHCHO and GH, measured. The mea- Bartelset al The relative rate coefficient of Scollaed al®
sured rate coefficient ratio is placed on an absolute bais ~30% higher than the preferred values, which are identi-
sis by wuse of k(Cl+C,Hg)=5.9x10"tcm® cal to those in our previous evaluation, [IUPAC, 1997.
molecule 1 s (this evaluation

DF-MS study. Relative decay rates of gEHO and

C,Hg were monitored, and the measured rate coeffi- References

cient ratio is placed on an absolute basis by use of

K(Cl+C,Hg) =5.9¢10 ™ cm® molecule ' s (this  tw. A. Payne, D. F. Nava, F. L. Nesbitt, and L. J. Stief, J. Phys. Clodm.
evaluation. The branching ratio was derived from the 7190(1990.

pFOdUCtS observed by MS. Zg-r]::-:]kis‘;gp.ss%(]'\_ﬂgaskgr‘ C. M. Savage, and L. P. Breitenbach, J. Phys.
See Comments on Preferred Values. 3T, J. Wallington, L. M. Skewes, W. O. Siegl, C.-H. Wu, and S. M. Japar,
Int. J. Chem. Kinet20, 867 (1988.
Preferred Values “M. Bartels, K. Hoyermann, and U. Lange, Ber. Bunsenges. Phys. Chem.

93, 423(1989.
SIUPAC, Supplement V, 1997see references in Introduction
D. J. Scollard, J. J. Treacy, H. W. Sidebottom, C. Balestra-Garcia, G.

perature over the range 210-340 K. Laverdet, G. Le Bras, H. Mac Leod, and S'tdie J. Phys. Chend7,
k,/k<0.05 at 298 K. 4683(1993.
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Cl + C,HsCHO — products

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Relative Rate Coefficients
(1.17+0.10)x 10 %© 295+2 Wallingtonet al, 1988 RR (a)
Reviews and Evaluations
1.2x10°%° 298 IUPAC, 1997 (b)
Comments Reliability

(@) Cl atoms were generated by the photolysis of @ A'logk==0.3 at 298 K.

Cl,—air mixtures, and the decay rates ofHgCHO and
C,Hg monitored by GC. The measured rate coefficientComments on Preferred Values
ratio is placed on an absolute basis by use of Based on the sole study of Wallingtat al,® with ex-
k(Cl+C,Hg) =5.9x 10" cm® molecule * st (this  panded uncertainty limits, and is identical to that in our pre-
evaluation. vious evaluation, IUPAC, 1997.

(c) See Comments on Preferred Values.

References
Preferred Values 1T.J. Wallington, L. M. Skewes, W. O. Siegl, C.-H. Wu, and S. M. Japar,
Int. J. Chem. Kinet20, 867 (1988.
k=1.2x10 1% cm® molecule * s* at 298 K. 2|UPAC, Supplement V, 199%ee references in Introductijon
Cl + CH3COCH; — HCl + CH;COCH,
AH°=-20.3 kJmol™?
Rate coefficient data

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

(3.5+0.5)x10"*? 295+2 Wallingtonet al, 199¢ RR (a)

(1.7£0.3)x 10712 294+ 1 Olssonet al, 1997 RR (b)
Reviews and Evaluations

3.5x10712 298 IUPAC, 1997 (c)

Comments +NO;. The formation of NQ with and without ac-

etone in the reaction mixture was monitored by TDLS
at 661.8 nm. The value recommended in Yokelson
et al? for the value of the rate constant of the reference
reaction (Ci-CIONO,) was used.

(c) Based on results of the relative rate study of Walling-
ton et all!

(@ Cl atoms were generated by the photolysis of-@ir
(or N,)—CH;COCH;—C,H5Cl mixtures. From the rela-
tive decays of CHCOCH; and GH:CI, a rate coeffi-
cient ratio of Kk(Cl+CH;COCH,)k(Cl+C,HsCl)
=0.295+0.015 was obtained. Combined with a mea-
surement  of k(CI+C,HsCl)/k(Cl+C,Hg) =0.201
+0.027 and k(Cl+C,Hg) =5.9x 10 cn®
molecule ' s7* (this evaluatioh, the value cited in the
table is obtained.

(b) Cl atoms were generated by pulsed laser photolysis of
Cl, at 355 nm followed by competition between the
reactions CFCHsCOCH; and CHCIONO,—Cl, k=3.5x10 12 cm® molecule 1 s~ at 298 K.

Preferred Values
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Reliability based on the rate coefficient obtained from the relative rate
A logk=+0.3 at 298 K. study of Wallingtonet al!
References

Comments on Preferred Values

Because of the potential for errors in the experimentaliy ;. walington, J. M. Andino, J. C. Ball, and S. M. Japar, J. Atmos.
technique of Olssoret al“ (the assumption that Cl atoms chem.10, 301(1990.
only react with CIONQ and acetone, the need for absolute 2B. E. R. Olsson, M. Hallquist, E. Ljungstmg and J. Davidson, Int. J.

concentration measurements of acetone, and the experimegSnem: Kinet29, 195(1997.

. . . UPAC, Supplement V, 1997see references in Introductipn
tal approach of sequential experiments in the presence anek j vokelson, J. B. Burkholder, L. Goldfarb, R. W. Fox, M. K. Gilles,

absence of acetopethe preferred 298 K rate coefficient is  and A. R. Ravishankara, J. Phys. Ched8, 13976(1995.

Cl + CH3;COCH,CH3; — products

Rate coefficient data

k/cm® moleculel st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(4.28+0.59)x 10" 1 295 Wallingtonet al,, 199¢ RR (a)
Comments Reliability

(@ CI atoms were generated by the photolysis of il A logk==0.2 at 298 K.

Cl,—N,—CH;COGHs—C,Hg mixtures at 930 mbar

(700 Torp total pressure, and the GEOCH; and Comments on Preferred Values

C,Hs concentrations monitored by FTIR absorption Based on the sole reported study of Wallingtenal.*
spectroscopy. The measured rate coefficient ratio igvith expanded uncertainty limits. This result is supported by
placed on an absolute basis by usekéCl+C,Hy) the value of k=(3.8+0.3)x10 " cm’molecule*s™*

=5.9x 10" cm?® molecule 1 s7? (this evaluation quoted in Nikiet al? as unpublished results from that labo-
ratory.
References
17, J. wallington, J. M. Andino, J. C. Ball, and S. M. Japar, J. Atmos.
Preferred Values Chem.10, 301 (1990.
2H. Niki, P. D. Maker, C. M. Savage, L. P. Breitenbach, and M. D. Hurley,
k=4.3x10 ! cm® molecule * s* at 298 K. J. Phys. Cherm1, 941 (1987.
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Cl + CH4OH — HCI + CH,OH

AH°=-29.8 kimol™?*

Rate coefficient data

k/cm® molecule * 71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

(6.33+0.70)x 10" ¢ 200-500 Michaekt al, 1979 FP-RF

(6.14+0.67)x 10" 1! 298+2 Dobeet al, 1993 DF-EPR
Relative Rate Coefficients

(4.73+0.42)x 10" 295+ 2 Wallingtonet al, 1988 RR (a)

(4.79+0.36)x 107! 298+ 2 Nelsonet al,, 199¢ RR (b)

(5.3x1.2)x10™ 1! 248-573 Lightfootet al, 199C RR (c)
Reviews and Evaluations

5.4x 101! 200-500 NASA, 1997 (d)

5.5x 10! 200-580 IUPAC, 1997 (e)

Comments A(E/R)=*200 K.

(@ CI atoms were generated by the photolysis of i@l
Cl,—CH;OH-C,Hg—air (N,) mixtures at 1 bar total Comments on Preferred Values
pressure. Concentrations of gbH and GHg were The preferred 298 K value is the average of the rate coef-
monitored by GC and a rate coefficient ratio ficients of Michaelet al,* Wallington et al.® Nelsonet al,*
k(Cl+CHsOH)/k(CI+C,Hg) =0.802:0.071  deter- Lightfoot et al,® and Dde et al.? and is in excellent agree-
mined. This rate coefficient ratio is placed on an absoiment with the absolute rate coefficient of (%.1.0)
lute basis by use ok(Cl+C,Hg)=5.9x10"cm®  x10 ' cm®molecule st at 298 K determined by Payne
molecule * s (this evaluation etal® for the reaction GFCH,;OD—HCI+CH,OD. The

(b) Cl atoms were generated from the photolysis of @  zero temperature dependence is taken from the studies of
COCL in Cl, (orCOCL)-N, (or0,)—CHOH— Michaelet al! and Lightfootet al> It has been established
cyclohexane mixtures at 1 bar pressure. Concentrationthat the reaction proceeds by H-atom abstraction from the
of CH;OH and cyclohexane were measured by GC,methyl group rather than from the hydroxyl gro(gee Rad-
and the rate coefficient ratio is placed on an absolutdord et al.'° Payneet al.® Meier et al,*! and Dde et al*?).
basis by use ofk(Cl+cyclohexang=3.11x10"1°  The preferred values are identical to those in our previous
cm® molecule *s™%.8 evaluation, IUPAC, 1997.

(c) Derived from the measured initial HOand CHO,
radical  concentrations in  flash  photolyzed
Cl,—CH;0H-CH,—N,—0O, mixtures, with the H@and References
CH;0, concentrations being measured by time-
resolved UV absorption. Placed on an absolute basis by j. v. Michael, D. F. Nava, W. A. Payne, and L. J. Stief, J. Chem. PHys.

use of k(Cl+CH,)=9.6x10 2 exp(—1350T) cn?® 3652(1979.
molecule s 1 2S. Dabg M. Otting, F. Temps, H. Gg. Wagner, and H. Ziemer, Ber.

.. . Bunsenges Phys. Che®7, 877 (1993.
(d Based on the absolute rate coefficients of Michael ST, J. Wallington, L. M. Skewes, W. O. Siegl, C.-H. Wu, and S. M. Japar,

etal! and Dde et al,” and the relative rate coeffi-  Int. J. Chem. Kinet20, 867 (1988.
cients of Wallingtonet al.,® Nelsonet al,* and Light- “L. Nelson, O. Rattigan, R. Neavyn, H. Sidebottom, J. Treacy, and O. J.

foot et a|5 Nielsen, Int. J. Chem. Kine22, 1111(1990.
) 5P. D. Lightfoot, B. Veyret, and R. Lesclaux, J. Phys. Che&m, 708
(e) See Comments on Preferred Values. (1990).

SNASA Evaluation No. 12, 1997see references in Introductipn

"IUPAC, Supplement V, 1997see references in Introductipn

8R. Atkinson and S. M. Aschmann, Int. J. Chem. Kirkt, 33 (1985.

SW. A. Payne, J. Brunning, M. B. Mitchell, and L. J. Stief, Int. J. Chem.

_ 11 1l _ Kinet. 20, 63 (1988.
k=5.5x<10"" cm’ molecule s *, independent of tem 104, E. Radford, K. M. Evenson, and D. A. Jennings, Chem. Phys. 78tt.

perature over the range 200-580 K. 589 (1981).
11U. Meier, H. H. Grotheer, and T. Just, Chem. Phys. LE#6, 97 (1984).
25, Ddbe T. Berces, F. Temps, H. Gg. Wagner, and H. Zieng§th

Reliability International Symposium on Combusti@he Combustion Institute, Pitts-
A log k=%0.15 at 298 K. burgh, PA, 1994 pp. 775-781.

Preferred Values
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Cl + C,HsOH — products

Rate coefficient data

k/cm® molecule st Temp./K Reference Technique/Comments
Relative Rate Coefficients
(8.75+0.95)x 10"+ 295+2 Wallingtonet al, 1988 RR (a)
(1.01+0.06)x 10 20 298+2 Nelsonet al, 199¢ RR (b)
(8.3+1.8)x10° ! 295 Edelbuttel-Einhaust al, 1992 RR (C)
Reviews and Evaluations
9.4x10 1 298 IUPAC, 1997 (d)
Comments Preferred Values
(@ CIl atoms were generated by photolysis of, Gh k=9.0x10 * cm® molecule 1 s 1 at 298 K.

Cl,—C,H5sOH—-C,Hg—air (or N,) mixtures at 1 bar total
pressure. ¢HsOH and GHg were monitored by GC
and a rate coefficient ratiok(Cl+C,HsOH)/
k(Cl+CyHg) =1.483+0.160 determined. Placed on an
absolute basis by use d{(Cl+C,Hg)=5.9x10" 11
cm® molecule * s (this evaluation

Reliability
A logk==*0.1 at 298 K.

Comments on Preferred Values

(b) Cl atoms were generated by photolysis of & COCl, The preferred 298 K rate coefficient is the average of those
in Cl, (or COChL)—N, (or O,)—ethanol—cyclohexane Of Wallington et al,! Nelsonet al,? and Edelbuttel-Einhaus
. . 3 i ;
mixtures at 1 bar pressure. Concentrations of ethand®t al,” which are in good agreement.
and cyclohexane were measured by GC, and the rate
coefficient ratio is placed on an absolute basis by use of Ref
k(Cl+cyclohexang=3.11x10'°cm® molecule * s71.° elerences
(c) Isothermal discharge flow reactor at 1 mbar pressure, i ‘ Sieal © is
with molecular beam sampling and analysis by mass ITr{tJ:JV\?htlanrgtolgi’nI;tZ'\g. 5‘6?‘?’1%2;\" ©. Siegl, C.-H. Wu, and S. M. Japar,
spectrometryk/k(Cl+C;Hg) measured to be 140.3. 2L. Nelson, O. Rattigan, R. Neavyn, H. Sidebottom, J. Treacy, and O. J.
Placed on an absolute basis by useké€l+C,Hg) Nielsen, Int. J. Chem. Kine2, 1111(1990.
=59x10" cm® moleculels? (this evaluatioh 3J. Edelbuttel-Einhaus, K. Hoyermann, G. Rohde, and J. S@dlia/nter-
. national Symposium on Combustigithe Combustion Institute, Pitts-
Supersedes earlier value reported from same burgh, PA, 1992 pp. 661-668.
Iaboratory? 4IUPAC, Supplement V, 1997see references in Introduction
(d) Based on the results of Wallingtcet al! and Nelson  °R. Atkinson and S. M. Aschmann, Int. J. Chem. KiriZ, 33 (1985.
et al? 5T. Khatoon, J. Edelbuttel-Einhaus, K. Hoyermann, and H. Gg. Wagner,
Ber. Bunsenges. Phys. Chefi8, 626 (1989.
Cl + n-C3H,;0OH — products
Rate coefficient data
k/cm® moleculets7* Temp./K Reference Technique/Comments
Relative Rate Coefficients
(1.49+0.12)x 10710 295+2 Wallingtonet al, 1988 RR (a)
(1.49+0.07)x 10710 298+2 Nelsonet al, 199G RR (b)
Reviews and Evaluations
1.5x10°1° 298 IUPAC, 1997 (0
Comments mbar (740 Torp total pressuren-Cs;H,OH and GHg
(@ Cl atoms were generated by photolysis of, Gh were monitored by GC and a rate coefficient ratio

Cly,-n-C3H,O0H-C,Hg—air (or N,) mixtures at 990

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999
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mined. Placed on an absolute basis by use oReliability
K(Cl+C,Hg) =5.9x10 ** cm® molecule t st (this A logk=+0.2 at 298 K.

evaluation.
(b) Cl atoms were generated by the photolysis of @  ~gmments on Preferred Values
COCL in Cl (or COCh)-N, (or Oy)-n-propanol— The preferred 298 K rate coefficient is based on the data of

cyclohexane mixtures at 1 bar pressure. Decay rates Qfg|lington et alt and Nelsoret al, which are in excellent

n-propanol and cyclohexane were measured by GCqpgreement, and is identical to that in our previous evaluation,

and the rate coefficient ratio placed on an absolute bapjpac 19973
sis by use ofk(Cl+cyclohexang=3.11x10 " cm? ’
moleculels 14 References

(c) See Comments on Preferred Values.
7. J. Wallington, L. M. Skewes, W. O. Siegl, C.-H. Wu, and S. M. Japar,
Int. J. Chem. Kinet20, 867 (1988.
2L. Nelson, O. Rattigan, R. Neavyn, H. Sidebottom, J. Treacy, and O. J.

Preferred Values Nielsen, Int. J. Chem. Kine2, 1111(1990.
0 3|UPAC, Supplement V, 1997see references in Introduction
k=1.5x10 1% cm® molecule ! s* at 298 K. “R. Atkinson and S. M. Aschmann, Int. J. Chem. Kir&, 33 (1985.

Cl + i-C3H;0OH — products

Rate coefficient data

k/cm® moleculet s7* Temp./K Reference Technigue/Comments
Relative Rate Coefficients
(8.40+0.35)x 10" 1! 298+ 2 Nelsonet al, 199¢ RR (a)
Reviews and Evaluations
8.4x10 1 298 IUPAC, 1997 (b)
Comments Reliability

(a) Cl atoms were generated by the photolysis of 6t A logk==0.3 at 298 K.

COClL in Cl, (or COCL)—isopropyl alcohol-
cyclohexane—@(or N,) mixtures at 1 bar pressure. The Comments on Preferred Values
decay rates of isopropyl alcohol and cyclohexane were Based on the sole study of Nelsenal.,! and is identical
measured, and rate coefficient ratio placed on an absolute that in our previous evaluation, [UPAC, 1997.
basis by use of k(Cl+cyclohexang=3.11x10 0
cm® molecule*s7%.3 References
(c) See Comments on Preferred Values.

L. Nelson, O. Rattigan, R. Neavyn, H. Sidebottom, J. Treacy, and O. J.

Preferred Values Nielsen, Int. J. Chem. Kine22, 1111(1990.
2|UPAC, Supplement V, 1997see references in Introductipn
k=8.4x10 1 cm® molecule ! s* at 298 K. 3R. Atkinson and S. M. Aschmann, Int. J. Chem. Kirt, 33 (1985.
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— HCl + CH,00H  (2)

AH°(1)=-72 k3mol™?*

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

k/cn?® molecule* st Temp./K Reference Technique/Comments
Relative Rate Coefficients

(5.9+0.3)x10" 1! 295+2 Wallingtonet al, 199¢ RR (a)
Reviews and Evaluations

5.9x 101 298 IUPAC, 1997 (b)

Comments —» HCl + CH;00 e}
. Cl + CH;O0H —

(@) Cl atoms were generated by the photolysis of @I ‘ HCI + CHO00H ®

Cly—N,—CH;O0H-GHg mixtures at 930 mbar700
Torr) total pressure, and the GEIOH and GHg concen-

'

trations monitored by FTIR absorption spectroscopy. HCHO + HO

The measured rate coefficient ratio is placed on an abso-

lute basis by use ofk(Cl+C,Hg)=5.9x10 ! cm?
molecule 1 s~ (this evaluation
(c) See Comments on Preferred Values.

Preferred Values

k=5.9x 10" cm® molecule s 1 at 298 K.

Reliability
A log k==*0.5 at 298 K.

Comments on Preferred Values

and the formation of HO radicals may have led to secondary
reactions involving HO radicals. Since the room temperature
rate coefficient for the Cl atom reaction with,®, is two
orders of magnitude lower than that for-@CH;O0H ? it is
expected that channé®) will dominate. Wallingtonet al*
concluded that secondary reactions involving HO radicals
did not contribute=15% to the observed GOH con-
sumption. The cited uncertainty limits on the preferred val-
ues reflect this possibility of HO radical involvement in the
Wallington et al! study. The preferred value is identical to
that in our previous evaluation, IUPAC, 1997.

References

7. J. wallington, J. M. Andino, J. C. Ball, and S. M. Japar, J. Atmos.

The sole study carried out to date is that of Wallington chem.10, 301(1990.
etall The reaction may occur by the two pathways: 2IUPAC, Supplement V, 1997see references in Introduction

Cl+ HCOOH —HCI + HCO, (1)

— HCI+COOH (2)

AH°(2)=—58 kJmol™*

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

k/cn?® molecule* st Temp./K Reference Technigue/Comments
Relative Rate Coefficients

(2.15+0.12)x 10718 295+ 2 Wallingtonet al, 199¢ RR (a,b

(1.83+0.10)x 10713 295+ 2 Wallingtonet al, 199¢ RR (a,0
Reviews and Evaluations

2.0x10° 18 298 IUPAC, 1997 (d)
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Comments

(@ CIl atoms were generated by the photolysis of i@l
Cl,—air-HCOOH-CHCI (or CH,) mixtures at 930
mbar (700 Torp total pressure. HCOOH and GEll (or
CH,) were monitored by FTIR absorption spectroscopy
during the experiments.

Relative tok(Cl+CH,CI). Placed on an absolute basis
by use ofk(Cl+CH;Cl) =4.9x 10~ 13 cm® molecule

s L

Relative tok(CI+CHy,). Placed on an absolute basis by
use of k(Cl+CH,)=9.9x10 ** cm® molecule*s?!
(this evaluation

See Comments on Preferred Values.

(b)

(©

(d)

Preferred Values

k=2.0x 10" cm® molecule * s™* at 298 K.

Reliability
A logk=%*0.2 at 298 K.

Cl + CH3COOH — HCI + CH,COOH

— HCI + CH,COO0

AH°(2)=10.9 kimol*

359

Comments on Preferred Values

The preferred 298 K rate coefficient is the average of the
rate coefficients obtained by Wallingtaet al® relative to
k(CI+CHsCIl) and k(CI+CH,), which are in good agree-
ment, and is identical to that in our previous evaluation, 1U-
PAC, 19972

Tyndall et al® have observed that GGs the sole carbon-
containing product formed from this reaction in air op N
diluent, and conclude from comparison of the rate coeffi-
cients for the reactions of the Cl atom with HCOOH,
CH,COOH;* and CD,COOH (Ref. 4 that reaction channel
(2) dominates.

References

7. J. wallington, J. M. Andino, J. C. Ball, and S. M. Japar, J. Atmos.
Chem.10, 301(1990.

2JUPAC, Supplement V, 1997see references in Introductipn

3G. S. Tyndall, T. J. Wallington, and A. R. Potts, Chem. Phys. Li86,
149 (1999).

4S. Koch and G. K. Moortgat, Chem. Phys. Léi73 531 (1990.

(1)
(2)

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

k/cm® molecule st Temp./K Reference Technique/Comments
Relative Rate Coefficients
(2.8+0.4)x10™ 298+1 Koch and Moortgat, 1990 RR (a)
Reviews and Evaluations
2.8x10° 298 IUPAC, 1997 (b)
Comments Reliability

(@) Cl atoms were generated by the photolysis of @I
Cl,—CH;COOH-CH,—N, mixtures at 1 bar total pres-
sure. The concentrations of GEOOH and CH were

A logk==*0.3 at 298 K.

Comments on Preferred Values

measured by IR absorption spectroscopy. The rate coef- The preferred 298 K rate coefficient is based on the sole
ficient ratio of k(Cl+CH;COOH)k(CI+CH,)=0.28 study of Koch and Moortgatand is identical to that in our
+0.04 is placed on an absolute basis by use oprevious evaluation, IUPAC, 1997The measured rate co-
k(Cl+CH,)=1.0x10 '3 cm® molecule * s71 (this  efficient ratio of k(Cl+CH;COOH)/k(Cl+CD;COOH)
evaluation. An analogous experiment using GDOOH  =3.7 at (298-1) K! indicates that channél) dominates at
yielded a rate coefficient ok(Cl+CD3;COOH)=(7.5 298 K.
+0.2)x 10 *° cm® molecule s, indicating that the
majority of the reaction proceeds by reaction charihgl

(c) See Comments on Preferred Values.

References

Preferred Values

1S, Koch and G. K. Moortgat, Chem. Phys. Let3 531 (1990.

51571 2|UPAC, Supplement V, 1997see references in Introductipn

k=2.8x10 1 cm® molecule 1 s 1 at 298 K.
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Cl + CH3;0ONO, — products

Rate coefficient data

k/cm® moleculelst Temp./K Reference Technique/Comments

Relative Rate Coefficients
(2.42+0.02)x10 3 298+2 Nielsenet al, 1997 RR (a)

Reviews and Evaluations
2.4x10° 13 298 IUPAC, 1997 (b)

Comments Reliability

(a) Cl atoms were generated by the photolysis of @ A'logk==0.3 at 298 K.
Cl,—CH;ONO,—C,Hg—N, mixtures at 1 bar pressure.
Concentrations of methyl nitrate and ethane were mea€omments on Preferred Values
sured by GC and the rate coefficient ratio is placed on an Based on the sole study of Nielsehal! and is identical
absolute basis by use &{Cl+C,Hg)=5.9x10 2 cm®  to that in our previous evaluation, IUPAC, 199The reac-

molecule ! s (this evaluation tion probably occurs via H-atom abstraction from the CH
(c) See Comments on Preferred Values. group?
References
Preferred Values 10. J. Nielsen, H. W. Sidebottom, M. Donlon, and J. Treacy, Chem. Phys.
. Lett. 178 163(1991).
k=2.4x10"*2 cm® molecule * s at 298 K. 2|UPAC, Supplement V, 1997see references in Introductipn

Cl + C,H;ONO, — products

Rate coefficient data

k/cm® molecule * s71 Temp./K Reference Technique/Comments

Relative Rate Coefficients
(5.5+0.8)x 1012 295+2 Wallingtonet al, 199¢ RR (a)
(3.95+0.15)x 10" 12 298+ 2 Nielsenet al, 1997 RR (b)

Reviews and Evaluations
4.7x10 %2 298 IUPAC, 1997 (c)

Comments Concentrations of ethyl nitrate and ethane were mea-
sured by GC, and the rate coefficient ratio placed on an
absolute basis by use df(Cl+C,Hg)=5.9x10 1!
cm® molecule * s7* (this evaluation

(c) See Comments on Preferred Values.

(@ CIl atoms were generated by the photolysis 0§ i@l
Cl,—ethyl nitrate—GHsCl—air mixtures at 1 bar pres-
sure. Ethyl nitrate and {E1;Cl were measured by GC,
and a rate coefficient ratio ok(Cl+ethyl nitrate)/
k(CI+C,H5Cl)=0.46-0.03 determined. Combined
with k(Cl+C,HsCl)/k(Cl+C,Hg) =0.201+0.027 and Preferred Values
K(CI+C,Hg) =5.9x10 1 cn® molecule 1s™t  (this b I
evaluation, the rate coefficient cited in the table is ob- K=4:7X10 e’ molecule™ s™ at 298 K.
tained.

(b) Clatoms were generated by the photolysis of-@thyl  Reliability
nitrate—GHg—N, mixtures at atmospheric pressure. A logk=*0.2 at 298 K.
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Comments on Preferred Values References
The preferred 298 K rate coefficient is the average of the, , _ _ _
. ! and Niel t al.2 and is identical T. J. Wallington, M. M. Hinman, J. M. Andino, W. O. Siegl, and S. M.

data of-WaIImgton.at al” an ielseret al,” and is identica Japar, Int. J. Chem. Kine22, 665 (1990).

to that in our previous evaluation, IUPAC, 199The reac-  20. J. Nielsen, H. W. Sidebottom, M. Donlon, and J. Treacy, Chem. Phys.

; ; _ 1y Lett. 178 163(199)).

tion probably proceeds by H atom abstraction from the C H3IUPAC, Supplement V, 1997see references in Introductipn

bonds’ 4T, 3. Wallington, J. M. Andino, J. C. Ball, and S. M. Japar, J. Atmos.
Chem. 10, 301(1990.

Cl + n-C3H;ONO, — products

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Relative Rate Coefficients
(3.17£0.47)x10 1 295+ 2 Wallingtonet al, 199¢ RR (a)
(2.28+0.14)x 10" 1! 298+2 Nielsenet al, 1997 RR (b)
Reviews and Evaluations
2.7x10° 1 298 IUPAC, 1997 (0)
Comments Reliability

(@ CIl atoms were generated by the photolysis of i@l A logk==0.2 at 298 K.

Cl,—n-propy! nitrate—GHsCl—air mixtures at 1 bar

pressuren-Propyl nitrate and ¢H=C| concentrations Comments on Preferred Values
were measured by GC and a rate coefficient ratio of The preferred 298 K rate coefficient is the average of the

k(Cl+n-propyl nitrate/k(Cl+C,HsCl)=2.67+0.16  data of Wallingtoret al! and Nielseret al? and is identical
determined. Combined withk(Cl+C,HsCl)/k(Cl ~ to thatin our previous evaluation, IUPAC, 199The reac-
+C,Hg)=0.2010.027 and k(CI+C,Hg)=5.9 tion probably proceeds by H-atom abstraction from the C—H
X 1011 cm?® molecule 1 s71 (this evaluatiol, the rate  bonds?
coefficient cited in the table is obtained.

(b) CIl atoms were generated by the photolysis of i@l
Cl,—n-propy! nitrate—GHg—N, mixtures at 1 bar pres-
sure. Concentrations ofpropyl nitrate and gHg were

measured by GC, and the rate coefficient ratio is placed References

on an absolute basis by use &{Cl+C,Hg)=5.9

X 10! cm® molecule t s7* (this evaluation 1T. J. Wallington, M. M. Hinman, J. M. Andino, W. O. Siegl, and S. M.
(c) See Comments on Preferred Values. Japar, Int. J. Chem. Kine22, 665(1990.

20. J. Nielsen, H. W. Sidebottom, M. Donlon, and J. Treacy, Chem. Phys.
Lett. 178 163(1991).

Preferred Values 3|UPAC, Supplement V, 1997ee references in Introduction
4T. J. Wallington, J. M. Andino, J. C. Ball, and S. M. Japar, J. Atmos.
k=2.7<10 " cm® molecule * s at 298 K. Chem.10, 301 (1990.
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Cl + i-C3H,;ONO, — products

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Relative Rate Coefficients
(5.8+1.1)x10°*? 295+2 Wallingtonet al, 199¢ RR (a)
Reviews and Evaluations
5.8x 10712 298 IUPAC, 1997 (b)
Comments Reliability

(@) Cl atoms were generated by the photolysis of @ A'logk==0.3 at 298 K.

Cl,—isopropyl nitrate—gHsCl—air mixtures at 1 bar
pressure. Concentrations of isopropyl nitrate apd{CI Comments on Preferred Values
were measured by GC, and a rate coefficient ratio The preferred 298 K rate coefficient is based on the sole
of k(Cl+isopropyl nitrate)k(Cl+C,HsCl)=0.49+0.06  study of Wallingtonet al.* and is identical to that in our
determined. Combined with  k(Cl+C,HsCl)/ previous evaluation, IUPAC, 1997.
k(Cl+C,Hg)=0.201+0.027 and k(Cl+C,Hg)=5.9
X 10" cm® molecule t s (this evaluatiol, the rate
coefficient cited in the table is obtained.
(b) See Comments on Preferred Values.

References

7. J. wallington, M. M. Hinman, J. M. Andino, W. O. Siegl, and S. M.
Japar, Int. J. Chem. Kine22, 665(1990.

Preferred Values 2|UPAC, Supplement V, 1997see references in Introduction
37. J. Wallington, J. M. Andino, J. C. Ball, and S. M. Japar, J. Atmos.
k=5.8x10 12 cm® molecule * s at 298 K. Chem.10, 301(1990.

Cl + 1-C4HyONO, — products

Rate coefficient data

k/cm® moleculets7* Temp./K Reference Technigue/Comments
Relative Rate Coefficients
(8.54+0.20)x 10" 1 298 Nielsenet al, 1992 RR (a)
Comments Reliability

(@ CI atoms were generated by the photolysis of i@l A logk==0.3 at 298 K.

Cl,—n-butyl nitrate—GHg—N, mixtures at 1 bar pres-
sure. Concentrations @fbutyl nitrate and GHs were ~ Comments on Preferred Values
measured by GC, and the rate coefficient ratio placed Based on the sole study of Nielsehal,' with expanded
on an absolute basis by uéCl+C,Hg)=5.9x10"1*  uncertainty limits.
cm® molecule 1 s (this evaluation
References

Preferred Values

10. J. Nielsen, H. W. Sidebottom, M. Donlon, and J. Treacy, Chem. Phys.
k=8.5x10"1* cm® molecule * st at 298 K. Lett. 178 163 (1991).
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Cl + CH3;C(O)OONO, — products

Rate coefficient data

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

(3.7x1.7)x10° 1 298 Tsalkaniet al, 1988 DF-EPR
Relative Rate Coefficients

<7x1071° 295+ 2 Wallingtonet al, 199G RR (a)
Reviews and Evaluations

<1x10 4 298 NASA, 1997 (b)

<2x10° % 298 IUPAC, 1997 (©

Comments CH;C(O)OONO, was observed in the presence of Cl atoms.

In both the relative rate study of Wallingtaet al? and the
absolute rate study of Tsalkaei al,! the major impurity in
the CH,C(O)OONG, samples would be the,;gor C,; alkane
solvent, respectively. While this was of no consequence in
the relative rate study of Wallingtoet al, the presence of
~0.1% tridecane in the C{£(O)OONGO, sample used by
salkaniet al! could account for the Cl reaction rate ob-
served; their CHC(O)OONO, sample was>99% pure from
IR measurements. The upper limit cited here is a factor of
~3 higher than measured by Wallingtet al? to allow for
higher uncertainties, and is identical to that in our previous
evaluation, IUPAC, 1997.

Preferred Values References

(@ Cl atoms were generated by the photolysis of il
Cl,—air—CH,C(O)OONG,—CH, mixtures at 930 mbar
(700 Torp total pressure, with the CJ&(O)OONG,
and CH, concentrations being monitored by FTIR ab-
sorption spectroscopy. Upper limit to relative rate co-
efficient ratio placed on an absolute basis by use o
k(Cl+CH,)=9.9x10 *cm® molecule t s71 (this
evaluation.

(b) Based on results of Wallingtoet al2

(c) See Comments on Preferred Values.

—14 s1g1
k<2x10 e molecule ™ s~ at 298 K. IN. Tsalkani, A. Mellouki, G. Poulet, G. Toupance, and G. Le Bras, J.

Atmos. Chem7, 409 (1988.

27, J. wallington, J. M. Andino, J. C. Ball, and S. M. Japar, J. Atmos.
Comments on Preferred Values Chem.10, 301(1990.

The preferred Value_is based 2” the r_elative rate (?OefﬁCiemNASA Evaluation No. 12, 1997see references in Introduction
measurement of Wallingtoat al.” in which no reaction of  “IUPAC, Supplement V, 1997see references in Introduction

Cl + CH3CN — products

Rate coefficient data

k/cm® molecule* s7* Temp./K Reference Technique/Comments
Absolute Rate Coefficients
<2.0x10°1° 298 Kurylo and Knable, 1984 FP-RF
3.46x10 M exd — (2785~ 115)/T] 478-723 Pouleet al, 1984 DF-MS (a)
(8.89+1.24)x1071° 295
(1.24+0.20)x 10" 4 296 Tyndallet al, 1996 PLP-RF
Relative Rate Coefficients
8% 107! exp(—30007) 370-413 Olbregts, Brasseur, and Arijs, 1884 RR (b)
1.7x 10 1! exy{ —(2140+ 200)/T] 274-345 Tyndalkt al, 1996 RR (c)
(1.22+0.15)x 10" 4 296
Reviews and Evaluations
1.6x 10" exp(—2140m) 270-350 NASA, 1997 (d)
<2.0x10°*° 298 IUPAC, 1999 (e
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(a
(b)

(©

ATKINSON ET AL.

Comments k=1.6x10 ! exp(—2140m) cm® molecule*s™! over

Data were obtained over the range 295-723 K, and &€ temperature range 270-350 K.

curved Arrhenius plot was observed.

Relative formation rates of products were monitored inReliability

a competitive chlorination system between Ll and A logk=+0.3 at 298 K.
CHCIl;. Placed on an absolute basis by use A(E/R)==*300 K.

of  k(Cl+CHCl)=1.15x10 ! exp(—1686T) cm®
11
molecule *s™". Comments on Preferred Values

Relative decay rates of GBN and the reference gas  The preferred values are based on the results reported by
were monitored by FTIR. For the temperature depen-ynqa| et al3 The results of this study over a wide range of
dent study the reference compound was,OH & com-  gynerimental conditions, using both relative and absolute
pletely independent system, relative values at 296 Kate methods, are preferred over results of earlier studies by
were also derived using as the reference compoung,ryio and Knable: Pouletet al.? and Olbregtst al* In the

CD,, CRCCLH, or CH,. Based on three independent gy,qy of Tyndallet al,® the room-temperature rate coeffi-
determinations by both absolute and relative rate methgjent was found to be independent of pressure over the range
ods the authors derived the value=(1.15+0.20)  7_g30 mbar5-700 Tory. Also in this study it was shown

— 14 ;11
x10 e’ molecule °s f‘;tl 296 K and the Arrhen- ot at room temperature the reaction proceeds predomi-
ius expressionk=1.6xX10" " exd —(2140+200)/T] nantly by H-atom abstractich.

cm® molecule 1 st over the temperature range 274—
345 K. Product studies showed that at room tempera-

ture reaction proceeds predominantly, if not exclu- References
sively, by H-atom abstraction.

3
(d) Based on the results O_f 'I_'yndmt al_‘ IM. J. Kurylo and G. L. Knable, J. Phys. CheB8, 3305(1984.
(e) Based on the upper limit determined by Kurylo and 2G. poulet, G. Laverdet, J. L. Jourdain, and G. Le Bras, J. Phys. G3&m.
Knable! 6259 (1984.
3G. S. Tyndall, J. J. Orlando, T. J. Wallington, J. Sehested, and O. J.
Nielsen, J. Phys. Cheml00, 660 (1996.
Preferred Values 4J. Olbregts, G. Brasseur, and E. Arijs, J. Photoch24n 315 (1984.
SNASA Evaluation No. 12, 1997see references in Introductipn
k=1.2x10 ** cm® molecule * s at 298 K. SIUPAC, Supplement V, 1997see references in Introduction
Br + HCHO — HBr + HCO
AH°=3.5 kImol *
Rate coefficient data

k/cm® moleculet 72 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

1.44x 10" ex —(750+ 112)/T] 223-480 Nava, Michael, and Stief, 1981 FP-RF

(1.08+0.10)x 10712 298

2.97x 10 ™ exd —(1015+ 70)/T] 295-480 Poulet, Laverdet, and Le Bras, 1981 DF-MS

(9.4+0.8)x 1013 295
Reviews and Evaluations

1.7x 10 exp(—800IT) 223-480 NASA, 1997 (@

1.7X 10" ! exp(—800/T) 220-480 IUPAC, 1997 (b)

Comments k=1.7x10 1! exp(—800/T) cm®molecule * s ! over the

(8 Based on a least-squares analysis of the absolute ratgmperature range 220-480 K.

(b)

k:

coefficient data of Navat al! and Pouletet al?

See Comments on Preferred Values. Reliability

Preferred Val A logk==*0.15 at 298 K.
referred Values A(E/R)= =250 K.

1.1x 10" 2 cm® molecule * s71 at 298 K.
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Comments on Preferred Values References
The preferred rate expression is obtained from a least-
squares analysis of the absolute rate coefficient data of NavgalD F. Nava, 1. V. Michacl, and L. 3. Stief. 3. Phys. Che 1696(1950
1 2.\ ; _ . F. Nava, J. V. Michael, and L. J. Stief, J. Phys. ). .
etal”and Pouleet al, Whlch arein reas,ona,‘bly goo,d agree 2G. Poulet, G. Laverdet, and G. Le Bras, J. Phys. Ct&8n1892(1981).
ment. The preferred Arrhenius expression is identical to thatsyasa Evaluation No. 12, 1997see references in Introductipn

in our previous evaluation, IUPAC, 1997. 4IUPAC, Supplement V, 1997see references in Introductipn

Br + CH;CHO — HBr + CHyCO

AH°=7.6 k3mol™*

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

(3.5+0.5)x10 12 300 Islam, Marshall, and Benson, 1984 (@

1.51x 10" ! exf —(364+41)/T] 255-400 Nicovich, Shackelford, and Wine, 1890 LP-RF

4.45<10° 12 298
Relative Rate Coefficients

(3.7+0.1)x10 12 298 Niki et al, 1985 RR (b)
Reviews and Evaluations

1.3x 10" exp(—3601T) 250-400 IUPAC, 1997 (c)

Comments Comments on Preferred Values

The preferred 298 K rate coefficient is the average of the
(@ Very low pressure reactor study. Br atoms were gener- - 1 o 2
. . . : . absolute rate coefficients of Islagt al." and Nicovichet al:
ated by microwave discharge of Bin helium, with

: . and the relative rate coefficient of Nikit al® The tempera-
mass spectrometric detection of reactants and product§lJre dependence is that measured by Nicowicl.2 with
(b) Br atom; were generated by photolysis of Bt 350— the A factor being adjusted to yield the 298 K preferred
600 nm in 930 mbar700 Torp total pressure of M

value. The preferred room temperature rate coefficient is

The rate coefficient was determined relative to that forconsistent with the relative rate studies of Bareesl® and
the reaction of Br atoms with HCHO, with :

K(Br+CH.CHO)/k(Br+HCHO)=3.3-0.10.  This Wall!ngton et al’ (which do not provide _deflmtlve data con-
> T . ,_cerning the rate constant for the reaction of Br atoms with
rate coefficient ratio is placed on an absolute basis b

use of a rate coefficient ofk(Br+HCHO)=1.1 %:HscHO). The preferred values are identical to those in our
x 10712 cm® molecule t s72 (this evaluatioi . previous evaluation, IUPAC, 1997.

() See Comments on Preferred Values. References
Preferred Values 1T.S. A. Islam, R. M. Marshall, and S. W. Benson, Int. J. Chem. Kihét.
1161 (1984.
k=3.9x10 2 cm® molecule *s™! at 298 K. 2J. M. Nicovich, C. J. Shackelford, and P. H. Wine, J. Photochem. Photo-

k=1.3x10 ! exp(—360/) cm® molecule * s* over the 3E:O:§rﬁ': 'CDheDmi\ili(141C(1€,\9A9Oé L Bretenbach int 3. ch
_ . Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, Int. J. Chem.
temperature range 250-400 K. Kinet. 17, 525 (1985.
4IUPAC, Supplement V, 1997see references in Introductipn
51. Barnes, V. Bastian, K. H. Becker, R. Overath, and Z. Tong, Int. J.

Reliability >
Chem. Kinet.21, 499 (1989.
A logk==*0.2 at 298 K. 67, J. Wallington, L. M. Skewes, W. O. Siegl, and S. M. Japar, Int. J.
A(E/R)=*200 K. Chem. Kinet.21, 1069(1989.
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366 ATKINSON ET AL.
HCHO + hv — products

Primary photochemical transitions

Reaction AHjegkJ-mol™? Mitreshod MM
HCHO+hv—H-+HCO (1) 369.7 324
—H,+CO (2) -19

Absorption cross-section data

Wavelength range/nm Reference Comments
240-360 Moortgat and Schneider (a
300-360 Cantrelet al, 199G (b)

Quantum yield data (=, + ;)

Measurement Wavelength range/nm Reference Comments

b, pslp 253-353 Moortgat, Seiler, and Warneck, 1983 (c)
Comments Absorption cross-sections at 285 K 2

(@ Cross-sections measured at 220 and 298 K at different 1070 1070 1070 107°

concentrations of HCHO and extrapolated to zero cond/nm  ofcn?  Mam  o/ecn?  Mnm  ofcn?  Mnm  o/cn?
centration. This extrapolation procedure yielded virtu-249 0064 271  1.789 302 1.064 333 0.215
ally identical cross-sections with and without added241 0056 272 1.227 303 3.201 334 0171
N,. 242 0105 273 0.645 304  6.902 335  0.143
: ) 243 0115 274 0656 305 4914 336  0.194
(b) High-resolution FT spectroscopy used to measuregy 0082 275 2232 306 4.632 337 0417
cross-sections as a function of temperat@23—-293 245 0.103 276 2416 307 2100 338 2360

K). Values at different concentrations of HCHO were 246~ 0.098 277~ 1402 308 1494 339 4712
ated . 247 0135 278 1050 309  3.407 340  2.481
extrapolated to zero concentration. 248 0191 279 o548 310 1950 341 0759

(c) Quantum yields of CO and Hwere measured as a 249 0282 280 2083 311 0.521 342  0.681
function of wavelength for HCHO in low concentration 250 ~ 0.205 281 1475 312 1120 343 10953

o . 51 0170 282 0.881 313 1116 344  1.137
in air. Previous results on the pressure and temperatur’%-52 0288 283 1066 314 4747 345 0323

dependences ap; and ¢, were confirmed. 253 0255 284 4492 315 5247 346  0.113
254 0255 285 3592 316  2.899 347  0.066
255 0360 286 1962 317 5373 348  0.122
256 0509 287 1295 318 2975 349  0.032
257 0339 288 3356 319 0918 350  0.038
258 0226 289 2.838 320 1262 351  0.104
259 0504 290 1304 321 1529 352  0.713
260 0505 291 1746 322  0.669 353 2212
261 0549 292 0832 323 0345 354 1536
262 0520 293 3727 324 0816 355  0.676
263 0933 294 6535 325 1850 356  0.135
264  0.823 295 3950 326 5950 357  0.036
265 0430 296 2333 327 3485 358  0.0057
266 0495 297 1513 328 1087 359  0.058
267  1.239 298  4.037 329 3353 360  0.082
268 1110 299 2871 330  3.321
269  0.878 300 0871 331 1073
270 0936 301 1715 332  0.289

*Average over 0.5 nm wavelength intervals centered at the cited wavelength
[G. K. Moortgat and W. Schneidéunpublished dafa.
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Absorption cross-sections 2 as a function of temperature  (223—
293 K)°

alcm?

Intercept Temp.

Anm 223 K 293 K (273 K) gradient
301.25 1.38E 20 1.36E-20 1.37E-20 —2.10E-24
303.75 4.67E 20 4.33E-20 4.43E-20 —4.73E-23
306.25 3.32E 20 3.25E-20 3.27E-20 —1.06E-23
308.75 2.27E 20 2.22E-20 2.24E-20 —7.24E-24
311.25 7.58E 21 9.31E-21 8.82E-21 2.48E-23
313.75 3.65E- 20 3.40E-20 3.47E-20 —3.64E-23
316.25 4.05E 20 3.89E-20 3.94E-20 —2.30E-23
318.75 1.66E 20 1.70E-20 1.69E-20 6.59E-24
321.25 1.24E 20 1.13E-20 1.16E-20 —1.52E-23
323.75 4.65E 21 4.73E-21 4.71E-21 1.18E-24
326.25 5.06E 20 4.44E-20 4.61E-20 —8.86E-23
328.75 2.44E 20 2.29E-20 2.43E-20 —2.15E-23
331.25 1.39E 20 1.28E-20 1.31E-20 —1.53E-23
333.75 9.26E 22 1.23E-21 1.14E-21 4.32E-24
336.25 1.27E21 1.31E-21 1.30E-21 5.03E-25
338.75 3.98E 20 3.36E-20 3.45E-20 —8.96E-23
341.25 8.05E 21 9.36E-21 8.98E-21 1.86E-23
343.75 1.44E 20 1.26E-20 1.31E-20 —2.64E-23
346.25 3.39E-23 7.10E-22 5.18E-22 9.57E-24
348.75 9.05E 23 3.97E-22 3.10E-22 4.38E-24
351.25 1.69E 21 2.35E-21 2.16E-21 9.48E-24
353.75 1.83E 20 1.55E-20 1.63E-20 —4.05E-23
356.25 3.54E 22 1.25E-21 9.19E-22 1.27E-23

2.5 nm interval centered at given

PAt any temperature within the range 223—293d¢an be calculated from
the listed gradientslope and intercept fit parameters, witti=(slope
X T(°C)+intercept)[C. A. Cantrell, J. A. Davidson, A. H. McDaniel, R.

E. Shetter, and J. G. Calvert, J. Phys. Ch&r.3902(1990].

Quantum yields in air at 1 bar and 298 K

Nnm b1 b2

240 0.27 0.49
250 0.29 0.49
260 0.30 0.49
270 0.38 0.43
280 0.57 0.32
290 0.73 0.24
300 0.78 0.21
310 0.78 0.22
320 0.62 0.38
330 0.27 0.66
340 0.00 0.56
350 0.00 0.21
360 0.00 0.03

Comments on Preferred Values

The preferred values are identical to those in our previous
evaluation, IUPAC, 1997.The recommended absorption
cross-sections are those of Moortgat and Schnkifber\
<300 nm and of Cantrelet al? for A=301—356 nm, the
latter providing a temperature dependence over the range
223-293 K.

Measurements of the quantum yields by Horowitz and
Calvert® Clark et al,” Tanget al.® Moortgat and Warneck,
and Moortgatet al2 are in good agreement. The preferred
values are those determined by Moortgaal? and apply to
atmospheric pressure and 298 K. For wavelengths longer
than about 330 nm the quantum vyields of CO andpib-
duction have been shown to be pressure and temperature
dependent.

The problem of understanding the measured quantum
yields and branching ratio¥,,= ¢, /(¢$,+ ¢,), remains un-
resolved. If the photochemistry were governed by a sequence
of light absorption into the first excited electronic state, in-
ternal conversion to the electronic ground state, and subse-
guent competition of the reactions HCHSH+HCO and
HCHO* —H,+CO, then the measured values 6§ for \
=300 nm would be difficult to interpret. Simulatichsf the
rates of the competing processes of HCH&nd measure-
ments of the product yields in molecular bedMisdicates
that the radical channdll), HCHO* —-H+HCO dominates
for A<300 nm, withY,<0.1 at 284 nnt’ An analysis of
the details of the photophysical processddsms failed to re-
solve this discrepancy with the macroscopic photochemical
observations. The branching ratios fe#300 nm should
therefore be treated with caution.

References

1G. K. Moortgat and W. Schneidéunpublished data
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CH3;CHO + hv — products

Primary photochemical transitions

Reaction AH3egkJ-mol ™t N threshold MM
CHsCHO+hv — CH,+CO (1) -195
— CH;+HCO (2) 355.3 337
— CH;CO+H (3) 373.8 320
Absorption cross-sections
Wavelength range/nm Reference Comments
202-365 Martinezt al, 1992 @
Quantum yield data (=@, + P+ P3)

Measurement Wavelength range/nm Reference Comments

1=0.46 »,=0.31 260 Meyrahn, Moortgat, and Warneck, 1982 (b)
$,=0.42 $,=0.32 265
$,=0.31 $,=0.39 270

,=0.16 $,=0.51 275

,=0.05 $,=0.58 280
$,=0.02 ¢,=0.57 285
$,=0.01 $,=0.53 290
¢,=0.005 $,=0.48 295
$,=0.0 $,=0.43 300
$,=0.0 ,=0.37 305
$,=0.0 $,=0.28 310
$,=0.0 $,=0.10 320
$,=0.0 $,=0.04 325
$,=0.0 $,=0.00 330

Comments photolysis of 100 ppm of CECHO in air or N, at a
. . total pressure of 1 bar. Hwas found only in trace

(@ Double beam spectrophotometric measurements with P y

(b)

10 cm pathlength. Data obtained at 0.1 nm intervals
with 0.5 nm resolution. Argon—acetaldehyde mixtures
used at a total pressure of 133 mbar and several acetal-
dehyde pressures in the range 1.3-2.6 mbar. Cross-
sections tabulated are averages roe 1 nm (A
>280 nm) or 4 nm X<280 nm) region centered on
the corresponding wavelengteee Preferred Valugs
Quantum yields of Chland CO determined from the

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999

guantities and hence it was concluded that the pho-
tolytic channel giving CHCO+H (A ireshoi320
nm) is negligible. Quantum vyield data based on the
assumption thatp,+ ¢, + ¢p,=1, where ¢, refers to
the quenching process GEBHO*+M—CH;+CHO
+M. Quantum yield data at 1 bar pressure were found
to be independent of the diluent,Nor air. o both in

N, and in air increased as the total pressure was
lowered.
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Preferred Values

Absorption cross-sections at 298 K

Nnm 100 o/cn? Anm 16° o/cn? Nnm 16° o/cn?
202 0.056 297 4.38 334 0.363
206 0.053 298 4.41 335 0.350
210 0.049 299 4.26 336 0.238
214 0.048 300 4.16 337 0.222
218 0.052 301 3.99 338 0.205
222 0.065 302 3.86 339 0.219
226 0.096 303 3.72 340 0.150
230 0.151 304 3.48 341 0.074
234 0.241 305 3.42 342 0.042
238 0.375 306 3.42 343 0.031
242 0.564 307 3.36 344 0.026
246 0.818 308 3.33 345 0.021
250 1.128 309 3.14 346 0.019
254 1.524 310 2.93 347 0.015
258 1.994 311 2.76 348 0.016
262 2.44 312 2.53 349 0.010
266 3.05 313 2.47 350 0.008
270 3.42 314 2.44 351 0.007
274 4.03 315 2.20 352 0.006
278 4.19 316 2.04 353 0.005
280 4.50 317 2.07 354 0.005
281 4.69 318 1.979 355 0.004
282 4.72 319 1.874 356 0.005
283 4.75 320 1.723 357 0.003
284 4.61 321 1.484 358 0.004
285 4.49 322 1.402 359 0.002
286 4.44 323 1.244 360 0.003
287 4.59 324 1.091 361 0.002
288 4.72 325 1.136 362 0.001
289 4.77 326 1.074 363 0.000
290 4.89 327 0.858 364 0.000
291 4.78 328 0.747 365 0.000
292 4.68 329 0.707

293 4.53 330 0.688

294 4.33 331 0.588

295 4.27 332 0.530

296 4.24 333 0.398

Quantum yields in air at 1 bar and 298 K

Nnm b, b,

260 0.46 0.31
270 0.31 0.39
280 0.05 0.58
290 0.01 0.53
295 0.00 0.48
300 0.43
305 0.37
310 0.29
315 0.17
320 0.10
325 0.04
330 0.00

Comments on Preferred Values

The preferred absorption cross-sections are from the ex-
tensive measurements of Martinet all Over the wave-
length region 260-320 nm these cross-sections are within
5% of the data of Calvert and Pittand Weaveet al*

The preferred values for the quantum yields are those ob-
tained by Meyrahret al? Atkinson and Lloyd have evalu-
ated the quantum yield data of Meyratetal? and of
Horowitz and Calveftand derive values in very close agree-
ment with those recommended here.

The preferred values for both the absorption cross sections
and quantum yields are identical to those given in our previ-
ous evaluation, IUPAC, 1997.
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C,H5CHO + hw — products

Primary photochemical transitions

Reaction AHjegkJ-mol ™t N threshold MM
C,HsCHO — C,Hg+HCO () 351.4 340

— C,Hg+CO o) -7.1

— C,H,+HCHO ©) 131.0 913

— CH3+CH,CHO (4) 344.3 347

Absorption cross-section data
Wavelength range/nm Reference Comments
202-365 Martinezt al, 1992 (@
Quantum yield data (¢p=d+ P+ P33+ P,)
Measurement Wavelength range/nm Reference Comments
$,=0.89 294 Heickleret al, 1986 (b)
¢,1=0.50 302
$1=0.26 325
¢1=0.15 334
Comments and steady-state photolysis ofLHECHO in the pres-

(@ Cross-sections are the average cross-section over a 1
nm (A>280 nm) or 4 nm X<280 nm) region cen-
tered at the corresponding wavelendtiee Preferred

Values.

(b) Flash photolysis of gHsCHO in the presence of air

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999

ence of Q at 263 or 298 K. Quantum yields of CO and
C,Hg were measured as a function of wavelength and
of O, pressure. From the proposed mechanism it was
deduced that¢1=(¢w—¢C2H6). The values of ¢

quoted are for 1 bar air.
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Preferred Values

Absorption cross-sections at 298 K

Nnm 100 o/cn? Anm 16° o/cn? Nnm 16° o/cn?
202 0.049 295 5.57 330 0.575
206 0.049 296 5.37 331 0.494
210 0.057 297 5.16 332 0.466
214 0.069 298 5.02 333 0.430
218 0.080 299 5.02 334 0.373
222 0.091 300 5.04 335 0.325
226 0.115 301 5.09 336 0.280
230 0.163 302 5.07 337 0.230
234 0.257 303 4.94 338 0.185
238 0.407 304 4.69 339 0.166
242 0.622 305 4.32 340 0.155
246 0.909 306 4.04 341 0.119
250 1.287 307 3.81 342 0.076
254 1.745 308 3.65 343 0.045
258 2.25 309 3.62 344 0.031
262 2.88 310 3.60 345 0.025
266 3.43 311 3.53 346 0.019
270 4.12 312 3.50 347 0.016
274 4.59 313 3.32 348 0.014
278 5.17 314 3.06 349 0.013
280 5.16 315 2.77 350 0.010
281 5.21 316 2.43 351 0.008
282 5.35 317 2.18 352 0.007
283 5.57 318 2.00 353 0.005
284 5.78 319 1.864 354 0.004
285 5.86 320 1.831 355 0.002
286 5.82 321 1.777 356 0.001
287 5.72 322 1.662 357 0.001
288 5.59 323 1.577 358 0.000
289 5.52 324 1.488 359 0.000
290 5.56 325 1.300 360 0.000
291 5.68 326 1.129 361 0.000
292 5.81 327 0.996 362 0.000
293 5.88 328 0.828 363 0.000
294 5.80 329 0.685 364 0.000
365 0.000

Quantum yields in air at 1 bar and 298 K

Nnm b,
294 0.89
302 0.85
313 0.50
325 0.26
334 0.15

Comments on Preferred Values

The preferred absorption cross-sections are from the mea-
surements of Martineet al! Over the wavelength region
260—320 nm these cross-sections are within 5% of our ear-
lier recommendations based on the data of Calvert and*Pitts.

The preferred values of the quantum yields for the photo-
dissociation yielding GHs radicals are taken from the study
of Heicklenet al,? and refer to photolysis in air at a total
pressure of 1 atm. No explanation has been put forward to
account for the large differences in the reported valueg,of
as a function of wavelength®

The preferred values are identical to those in our previous
evaluation, IUPAC, 1999.
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(CHO), + hv — products

Primary photochemical transitions

Reaction AHjggkJ-mol™t N threshold NM
(CHO),+hv—H,+2CO 1) -9.1
—2HCO (2) 298.1 401
—HCHO+CO 3 -7.2
—H+CO+HCO (4) 362.5 330
Absorption cross-section data
Wavelength range/nm Comments
230-462 Plunet al, 1983 (@

Quantum yield data (= 1+ P+ P3+ ¢y)

Measurement Wavelength range/nm Reference Comments
¢=0.029+0.018 325-470 Pluret al, 1983 (b)
$(HCO)=0.8+0.4 308 Langford and Moore, 1984 (0
¢(HCO)=0.42+0.22 193 Zhu, Kellis, and Ding, 1996 (d)
¢(HCO)=0.54+0.24 248

¢(HCO)=0.70+0.30 308

¢(HCO)=1.5+0.6 351

Comments

(@ Conventional spectrophotometric studary 17-D
using glyoxal pressures ef4—17 mbar.

(b) Rate of photolysis of glyoxal in air mixtures at atmo-
spheric pressure measured in an environmental cham-
ber. The quantum vyield for the photodissociation of
glyoxal was obtained by comparison of the measured
rate of removal of glyoxal with the rate of photolysis of

NO, under similar experimental conditions.
(c) Laser photolysis of 5.3 mbar glyoxal in 1.3 bap Bt

295 K. HCO product determined by time-resolved laser
resonance absorption. Quantum vyield determined by

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999

comparing the HCO radical absorption observed with
the same signals following HCHO and (CHOpho-
tolyses.

Excimer laser photolysis of flowing glyoxal-Nnix-
tures.[HCQO] monitored by time-resolved cavity ring-
down spectroscopy. Yields of HCO determined by
comparison of absorption with signals from photolysis
of formaldehyde—B mixtures under similar condi-
tions. Incident light intensities were measured by a
Joulemeter calibrated by chemical actinometry. The
HCO quantum yields were found to be independent of
glyoxal pressure, total pressuf@6—470 mba; and
light intensity.
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Preferred Values

Absorption cross-sections at 298 K

Nnm 16° o/cn? Nnm 160 o/cn? Anm 16° o/cn?

230.5 0.30 390 3.14 427 10.76
235 0.30 391 3.45 428 16.65
240 0.42 392 3.25 429 4.06
245 0.57 393 2.23 430 5.07
250 0.84 394 2.64 431 4.87
255 1.15 395 3.04 432 4.06
260 1.45 396 2.64 433 3.65
265 1.88 397 2.44 434 4.06
270 2.30 398 3.25 435 5.07
275 2.60 399 3.04 436 8.12
280 2.87 400 2.84 437 5.28
285 3.33 401 3.25 438 10.15
290 3.18 402 4.46 439 7.71
295 3.33 403 5.28 440 24.76
300 3.60 404 4.26 441 8.12
305 2.76 405 3.05 442 6.09
310 2.76 406 3.05 443 7.51
3125 2.88 407 2.84 444 9.34
315 2.30 408 2.44 445 11.37
320 1.46 409 2.84 446 5.28
325 1.15 410 6.09 447 2.44
327.5 1.46 411 5.27 448 2.84
330 1.15 412 4.87 449 3.86
335 0.30 413 8.32 450 6.09
340 0.00 414 7.51 451 10.96
345 0.00 415 8.12 452 12.18
350 0.00 416 4.26 453 23.95
355 0.00 417 4.87 454 17.05
360 0.23 418 5.89 455 40.60
365 0.30 419 6.70 456 10.14
370 0.80 420 3.86 457 1.63
375 1.03 421 5.68 458 1.22
380 1.72 422 5.28 459 0.41
382 1.57 423 10.55 460 0.41
384 1.49 424 6.09 461 0.20
386 1.49 425 7.31 462 0.00
388 2.87 426 11.77

Comments on Preferred Values

The preferred values for the absorption cross-sections are
those determined by Plumt al,! and are unchanged from
our previous evaluation, IUPAC, 1997Zhu et al2 have re-
cently measured the cross-sections at 193, 248, 308, and 351
nm. Where comparison is possible with those of Pktral.*
there is good agreement at 308 nm, but at 248 and 351 nm
the values obtained by Zhet al2 are substantially higher.
Further measurements are desirable to resolve these differ-
ences.

There are insufficient data on quantum vyields to recom-
mend values as a function of wavelength under atmospheric
conditions. The “effective” quantum yield o#=0.029 re-
ported by Plunet all is valid only for the particular spectral
distribution used in their study. They measurghlr) inte-
grated over the range 325—-470 nm and this may be used to
calculate the rate of photolysis of glyoxal under tropospheric
conditions within that spectral region. Both Zletial® and
Langford and Moor&obtain a value ofs,~0.4 at 308 nm. It
is recommended that this value be used in calculations of
photolysis rates at shorter wavelengths.
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CH5;COCHO + hv — products

Primary photochemical transitions

Reaction AHjegkJ-mol ™t N threshold NM
CH;COCHO+ hy—CH,+2CO 1) —78.8

—CH;CO+HCO 2 250.8 478

—CH3;CHO+CO (3 —59.2

Absorption cross-section data
Wavelength range/nm Reference Comments
220-480 Melleret al, 1992 (@
205-480 Staffelbackt al, 199% (b)
Quantum yield data (= @1+ P+ P3)
Measurement Wavelength range/nm Reference Comments
¢$=0.005 410-418 Staffelbaddt al, 1995 (©)
¢=0.055 355-480
$=0.07 280-420
$»=0.08 280-420
$=0.14 240-420
Comments Preferred Values

(@ Measured over the range 220—480 nm by conventional

UV spectroscopy in a cell of path length 63 cm. Light Absorption cross-sections at 298 K at 5 nm intervals between
was detected by a diode array camera and the spectra?5 and 410 nm

resolution was 0.07 nm. As well as using methylgly-

Nnm 16° a/cn? Anm 1G° o/cn?

oxal prepared external to the cell, methylglyoxal was
. P~ 225 1.268 320 1.511
generat(.edn.snu by the Cl atom-initiated modulated 230 La77 305 0.938
photooxidation of hydroxyacetone and the cross- 535 1.803 330 0.652
sections were measured over the range 390—460 nm in 240 2.071 335 0.482
thesein situ studies. g‘s‘g ;-22‘2‘ gjg 8-2(238
(b) Cross-sections measured in a 90 cm cell .usmg a dlod.e 255 2 859 350 0.394
array spectrometer. The spectral resolution was esti- 260 3.280 355 0.560
mated to be 0.6 nm. Pressures in the range 0.13-8.0 ggg i-iég 222 2-2??
mbar were used and measurements were made at 248, - 4413 370 1475
273, and 298 K. 280 4.877 375 1.911
(c) Low concentrations of methylglyoxal in an 285 4.719 380 2.429
0,(20%)—N,(80%) mixture at 1 bar were photolyzed ggg jggg ggg i'ggé
with an Xe arc equipped with filters to isolate wave- 3 3754 305 4732
length regions. Products (HCHO, CH,COOH, 305 3.361 400 5.664
CH,COO,H, CH;OH, HCOOH, CO, CQ) were moni- 310 2.365 405 6.923
315 1.891 410 8.459

tored by FTIR. Light intensity calibrated by photolysis

of Cl,—CH;OH-0,—N, mixture. Quantum yields were
derived by modeling product yields taking into account
a number of important secondary reactions.
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Preferred Values

Absorption cross-sections at 298 K at 1 nm intervals between
401 and 475 nm

Anm 1G° o/cn? Anm 1G° o/cn?
401 5.90 439 11.01
402 6.07 440 9.94
403 6.35 441 10.39
404 6.54 442 10.20
405 6.91 443 10.17
406 7.20 444 11.17
407 7.58 445 9.61
408 7.94 446 8.90
409 8.12 447 9.84
410 8.52 448 9.18
411 8.63 449 10.13
412 9.07 450 8.67
413 9.37 451 6.34
414 9.62 452 6.33
415 9.68 453 6.08
416 9.71 454 4.46
417 10.04 455 3.69
418 10.07 456 3.08
419 10.12 457 2.46
420 10.21 458 1.81
421 10.34 459 1.28
422 10.51 460 0.914
423 10.45 461 0.795
424 10.15 462 0.642
425 10.34 463 0.479
426 10.24 464 0.332
427 9.84 465 0.268
428 10.01 466 0.227
429 9.94 467 0.187
430 10.41 468 0.160
431 10.53 469 0.133
432 9.79 470 0.108
433 10.64 471 0.099
434 10.54 472 0.089
435 10.81 473 0.077
436 11.13 474 0.067
437 9.99 475 0.062
438 10.59

Quantum vyields in air at 1 bar and 298 K

Nnm b

410-418 0.005

355-480 0.055

280-420 0.08

240-420 0.14

Comments on Preferred Values

The preferred values of the absorption cross-sections
which are identical to those in our previous evaluation, 1U-
PAC, 1997 are taken from the work of Melleet al® The
cross-sections of Staffelbaadt al? agree to within 7% of
those of Melleret all across the whole range of the two

studies. The cross-sections obtained by Pktral* are ap-
proximately a factor of two lower than the values recom-
mended here. It seems likely that the data of Plenal’
were in error due to problems in handling the methylglyoxal.

Staffelbachet al? also studied the cross-sections at three
different temperatures, 248, 273, and 298 K. They found
little variation in the cross-sections<10%) over this tem-
perature range.

The preferred values for the quantum yields are taken
from Staffelbactet al? Raber and Moortgatarried out me-
thylglyoxal photolysis using two broad band radiation
sourceg275-380 nm and 390—470 nrim synthetic air over
a range of pressure6 mbar—1 barand monitored the
product yields by FTIR. The quantum yield of methylglyoxal
photolysis was found to decrease with increasing pressure to
give values at 1 bar of 0.64 and 0.23 with the shorter and
longer wavelength lamps, respectively. The derivation of
these values is based on modeling the substantial secondary
chemistry in the system. Nevertheless, the values are clearly
larger than those of Staffelbacht al> Plum et al* also
found a higher value than Staffelbaet al.? obtaining ¢
=0.11 with a source covering the range 290-470 nm, but
this study made use of incorrect values of the absorption
cross-sections. Even when the lower values of the quantum
yields are used estimates of the photolysis rate of methyl-
glyoxal in the atmosphefé suggest that photolysis may be
the main process for its removal. More definitive measure-
ments of the quantum yields are urgently required.

There is no direct information on the quantum vyields of
the individual photolysis channels. Both Staffelbasthal?
and Raber and Moortgaare agreed that their results are best
interpreted in terms of photolysis leading predominantly to
CH,CO+HCO (channel 2. Staffelbachet al? suggest that
this is the only channel but Raber and Moortgednclude
that the other two channels may contribute to an extent of
<10% in their shorter wavelength studies.
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CH5;COCH3; + hv — products

Primary photochemical transitions

Reaction AHjggkJ-mol™t NthreshoidNM
CH3COCH;+ hy—CH3CO+CHj, (1) 353.6 338

—2CH;+CO (2) 399.5 299

Absorption cross-section data
Wavelength range/nm Reference Comments
202-355 Martinezt al, 1992 (@
260-360 Hyneet al, 1997 (b)
Quantum yield data (¢d= 1+ ¢»)
Measurement Wavelength range/nm Reference Comments
$1=0.76 250 Meyrahret al, 1986 (©)
¢,=0.80 260
¢,=0.64 270
¢,=0.55 280
¢,=0.30 290
¢,=0.15 300
¢,=0.05 310
¢,=0.028 320
¢,=0.033 330
Comments (c) Study of the quantum yield of formation of G@nd

(@) Cross-sections are the average cross-section over a
1 nm(\>280 nm) or 4 nm{<280 nm) region cen-
tered at the corresponding wavelendtee Preferred

Values.

(b) Cross-sections measured as a function of temperature
over the range 260-360 K. Data were presented in
graphical form and show a marked decrease in cross-
section with decreasing temperature.

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999

CO in the photolysis of dilute mixtures of acetone
(0.13-0.20 mbarin air (990 mba) at room tempera-
ture. In addition, the quantum yields of formation of

PAN were measured when trace amounts of,(NC2

process1).

X104 mbar) were added to the reactant mixtures.
The listed values of, are the quantum yields of PAN,
which were taken as a measure of the extent of primary
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Absorption cross-sections at 298 K

Nnm 16° o/cn? Anm 163° o/cn? Anm 16° o/cn?
202 0.533 295 3.52 330 0.067
206 0.125 296 3.35 331 0.051
210 0.104 297 3.20 332 0.040
214 0.120 298 3.07 333 0.031
218 0.163 299 2.91 334 0.026
222 0.242 300 2.77 335 0.017
226 0.361 301 2.66 336 0.014
230 0.533 302 2.53 337 0.011
234 0.774 303 2.37 338 0.009
238 1.086 304 2.24 339 0.006
242 1.479 305 2.11 340 0.005
246 1.944 306 1.952 341 0.005
250 2.47 307 1.801 342 0.003
254 3.04 308 1.663 343 0.004
258 3.61 309 1.537 344 0.002
262 4.15 310 1.408 345 0.002
266 4.58 311 1.276 346 0.001
270 491 312 1.173 347 0.002
274 5.06 313 1.081 348 0.001
278 5.07 314 0.967 349 0.001
280 5.05 315 0.858 350 0.001
281 5.01 316 0.777 351 0.000
282 4.94 317 0.699 352 0.001
283 4.86 318 0.608 353 0.000
284 4.76 319 0.530 354 0.001
285 4.68 320 0.467 355 0.000
286 4.58 321 0.407
287 4.50 322 0.344
288 4.41 323 0.287
289 4.29 324 0.243
290 4.19 325 0.205
291 4.08 326 0.168
292 3.94 327 0.135
293 3.81 328 0.108
294 3.67 329 0.086

Quantum yields in air at 1 bar

Nnm b,
250 0.76
260 0.80
270 0.64
280 0.55
290 0.30
300 0.15
310 0.05
320 0.028
330 0.033

Comments on Preferred Values

The preferred absorption cross-sections are from the mea-
surements of Martineet al! Over the wavelength region
260—320 nm these cross-sections are within 5% of our ear-
lier recommendations based on the data of Calvert and' Pitts
and Meyrahnet al® The cross-sections reported by Hynes
et al? at room temperature contain large error limits at 320
and 340 nm but are in reasonable agreement with those rec-
ommended here.

This latter study has also shown that the cross-sections
are temperature dependent. Since no easily presentable for-
mulation of the effect of temperature on the cross-sections
was given, the original papeshould be consulted for de-
tails. It was noted, however, that neglecting the temperature
dependence of the cross-sections results in significant over-
estimation of the photodissociation rates at lower tempera-
ture by, for example,~50% at 220 K in the upper
tropospheré.

The two studie¥® of the photodissociation of acetone in
air are not in agreement regarding the quantum yield mea-
surements. As pointed out by Meyraknal.,® further work
on this system is needed to elucidate more quantitative de-
tails such as the collisional deactivation of photoexcited ac-
etone. In the meantime, we have recommended the quantum
yield data of Meyrahret al.? on the basis that the trend in
¢+ with wavelength observed by these authors appears to be
reasonable.

The preferred values are identical to those in our previous
evaluation, IUPAC, 1999.
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CchOCZHs + hV e prOdUC'[S

Primary photochemical transitions

Reaction AH;ngJ-molfl )\lhresholdlnm

CH3COGHs+hv—CHy+C,HsCO 1) 352.6 339
—C,Hg+CH,CO ) 349.4 342
—CH;+C,H5+CO 3 395.3 303

Absorption cross-section data

Wavelength range/nm Reference Comments
202-355 Martinezt al, 1992 (@
Comments Comments on Preferred Values
. . The preferred absorption cross-sections are taken from the
(@ Conventional double-beam spectrophotometric mea- - 1 .
: measurements of Martinez al.” over the wavelength region
surements on mixtures of the ketone and argon at 3 oy
. . : 60—320 nm. These values are within 5% of those reported
resolution of 0.5 nm. The cross-sections are given ag . .
y Calvert and Pittd.Raber and Moortgahave also given a
averages owea 1 nm (>280nm) or 4 nmx s .
. . spectrum which is in good agreement with these cross-
<280 nm) region centered on the corresponding wave-
sections.
length (see Preferred Valugs .
The only quantum yield measurements are those of Raber
and Moortgaf Methyl ethyl ketone was photolyzed in syn-
Preferred Values vioorty y y . P y Y
thetic air at several pressures in the range 68 mbar—1 bar
_ _ using a broad band radiation sour@¥5-380 nm and the
Absorption cross-sections at 298 K product yields were monitored by FTIR. The quantum vyield
for photolysis of methyl ethyl ketone was found to be pres-
Mnm - 16G%c/cm?  Mnm o 1G%¢/cn? Mnm  1G°o/cn®  sure dependent decreasing from 0.89 at 68 mbar to 0.34 at 1
202 1412 202 2,60 304 0.229 bar_. They also conclude that photolysis over the wavelength
206 0.192 293 4.42 325 0.189  region used occurs to the extent of 80%—-90% by chaf®)el
512 g-igg ggg i-gg gg? g-gg These results were derived by modeling the secondary chem-
218 0.225 296 393 328 0.105 istry in the system, which is substa_lnnal an(_JI we make no
2992 0.290 297 3.79 329 0.085 recommendation for the quantum yields until confirmatory
226 0.391 298 3.65 330 0.067 studies are carried out.
230 0.534 299 3.48 331 0.054
234 0.742 300 3.30 332 0.042
238 1.029 301 3.10 333 0.033
242 1.410 302 2.89 334 0.025 Ref
246 1.886 303 2.69 335 0.020 eterences
250 2.45 304 2.50 336 0.014
254 3.09 305 2.33 337 0.011 !R. D. Martinez, A. A. Buitrago, N. W. Howell, C. H. Hearn, and J. A.
258 3.74 306 2.17 338 0.008 Joens, Atmos. Enviror26A, 785(1992.
262 4.39 307 2.02 339 0.007 2J. G. Calvert and J. N. Pitts, JPhotochemistryWiley, New York, 1966.
266 4.96 308 1.876 340 0.005 3w, H. Raber and G. K. Moortgat, “Photooxidation of Selected Carbonyl
270 5.40 309 1727 341 0.005 Compounds in Air: Methyl Ethyl Ketone, Methyl Vinyl Ketone, Metha-
274 >.68 310 1.575 342 0.003 crolein and Methylglyoxal,” inProgress and Problems in Atmospheric
278 5.77 311 1.423 343 0.003 Chemistry edited by J. BarkefWorld Scientific, Singapore, 1987Chap.
280 5.74 312 1.276 344 0.002 9
281 5.72 313 1.136 345 0.001 '
282 5.68 314 1.009 346 0.001
283 5.62 315 0.896 347 0.000
284 5.54 316 0.794 348 0.001
285 5.44 317 0.697 349 0.000
286 5.35 318 0.611 350 0.000
287 5.26 319 0.531 351 0.000
288 5.17 320 0.457 352 0.001
289 5.06 321 0.389 353 0.000
290 4.94 322 0.328 354 0.000
291 4.78 323 0.276 355 0.000
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CH3;00H + hv — products

Primary photochemical transitions

Reaction AHjggkd-mol ™t N threshold MM

CH;OO0H+hy—CH;O+HO (1) 188 637
—CH;+HO, 2 292 410
—CH,0,+H @3 359 333

Absorption cross-section data

Wavelength range/nm Reference Comments

210-365 Vaghjiani and Ravishankara, 1989 (@

Quantum yield data (=, + P+ P3)

Measurement Wavelength range/nm Reference Comments
¢,=1.00+0.18 248 Vaghjiani and Ravishankara, 1990 (b)
Comments Quantum Yields
. =1.0 forA>290 nm.
(@ CH;OOH prepared by methylation of &, and shown 1

by *H nuclear magnetic resonan@®MR) to be >97%

pure (major impurity GHsOC,H:). A diode-array Comments on Preferred Values

spectrometer was used to make relative absorption The preferred absorption cross-section data are those of
measurements over the whole wavelength range andaghjiani and Ravishankarawhich are approximately 25%
the results were put on an absolute basis by measuréower than the previously recommended data of Molina and
ment of the cross sections at 213.9 fi#m line), and at Arguello® The source of the discrepancy appears to lie in the
298.1, 326.1, 340.4, and 361.1 nm using Cd lines. Théletermination of the concentrations of gBDH in the ab-

CH;O0H concentration was determined by trappingsorption cell. Molina and ArgueIFbused a bubbler contain-
the vapor at 77 K and titrating with Ee or |™. ing FEé' solution, which Vaghjiani and Ravishank&ra

(b) Direct measurement of products, HO by LIF, anf®  showed does not give quantitative trapping. o
and H atoms by resonance fluorescence. Quantum On the Dbasis of the results of Vaghjiani and
yields for the formation of GP) and H atoms of Ravishankard,who showed thaipoy~1.0 atA =248 nm,
<0.007 and 0.0380.007, respectively, were obtained. We recommend that for atmospheric photolysis of;OBH

¢4 be taken to be unity for wavelengths290 nm.
Preferred Values The preferred values are identical to those in our previous
_ _ evaluation, IUPAC, 1997.
Absorption cross-sections at 298 K

Nnm 103° o/cn? Nnm 16° o/cn? References

gig %S ggg 822% 1G. L. Vaghjiani and A. R. Ravishankara, J. Geophys. R&%.3487

220 154 300 0413 1989 .

225 12.2 305 0.313 G. L. Vaghjiani and A. R. Ravishankara, J. Chem. P9%.996 (1990.

230 9.62 310 0.239 3M. J. Molina and G. Arguello, Geophys. Res. Ldt.953(1979.

235 7.61 315 0.182 4IUPAC, Supplement V, 1997see references in Introduction

240 6.05 320 0.137

245 4.88 325 0.105

250 3.98 330 0.079

255 3.23 335 0.061

260 2.56 340 0.047

265 211 345 0.035

270 1.70 350 0.027

275 1.39 355 0.021

280 1.09 360 0.016

285 0.863 365 0.012
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CH5;0ONO, + hv — products

Primary photochemical transitions

Reaction AH}egkJ-mol ™t N threshold NM
CH;ONO,+ hy—CH,0+NO, o 170.1 703

—HCHO+HONO 2 —68.4

—CH;ONO+O 3 303.6 394

Absorption cross-section data
Wavelength range/nm Reference Comments
270-315 Roberts and Fajer, 1989 (@
220-335 Rattigamt al, 1997 (b)
236-344 Talukdaet al, 1997 (c)
Quantum yield data (¢p= @1+ P+ d3)
Measurement Wavelength range/nm Reference Comments
$,=0.9£0.2 248 Talukdaet al, 1997 (d)
$,=1.3x0.3 248 (e
$,<0.05 248 (d)
$3<0.1 248 (d)
Comments measured by UVA, N@by time-resolved absorption at

(a3 Absorption cross-sections were measured in a 10.2 cm 662 nm, and H and O by resonance fluorescence. Chan-

(b)

(©

(d)

pathlength cell, using a single-beam spectrometer with
a photometric accuracy of 0.5%. Numerical data for
cross-sections are available from Ref. 4.
Cross-sections were measured with a dual-beam diode
array spectrometer with a spectral resolution of 0.3 n e
over the temperature range 238—294 K. The tempera-
ture dependence af was found to obey the equation,

In o(\, T)=In o(\,298 K)+B(\)(T—298).

Absorption cross-sections were measured with a diode-
array spectrometer. Absorbances were measured in 80
nm blocks which were assembled to construct the spec-

nels leading to H, O, and NQOwere found to make
negligible contribution at 248 nm, but high yields of O
were obtained at 193 nm. Small yields of HO observed
were attributed to secondary reactions.

Same technique as {d), but NO was used to scavenge
radicals instead of ©

Preferred Values

Absorption cross-sections at 298 K

trum. Cross-sections were measured at 298 K and six

other temperatures in the range 240-360 K. The tem/m 16° olcn? Anm 16° o/cn?
perature dependence afwas found to obey the equa- 240 5.88 295 0.568
tion Ino(A\,T)=In o6(\,298 K)+B(\)(T—298). The 245 4.19 300 0.360
absorption cross-section at 213.86 ri@n line) was 250 3.59 305 0.214
also measured. A value of (1.6D0.08)x10°18 2% 3.30 310 0.134
1 ; 260 3.06 315 0.0633
cn? molecule * was obtained. 265 277 320 00316
Photolysis of methyl nitrate at 248 nm and 298 K in the 270 2.39 325 0.0144
presence of excess,@ scavenge radicals. Actinom- 275 2.00 330 0.00661
etry based on @photolysis or NO photolysis in ex- 280 1.58 335 0.00274
periments carried out with 193 nm radiation. Yields of 285 éégo 340 0.00122

the products CEDNO, CHO, NO,, and NG were

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999
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Temperature dependence of the absorption cross-sections over The two studies of the effect of temperature on the cross-
the range 240-330 K . . . .

sections are also in very good agreement with differences
only appearing at wavelengths beyond 320 nm where the

Mnm 16 B/K™ Nnm 16 B/K™*  apsorption cross-sections become very small and the preci-
240 3.48 290 4.04 sion of the measurements falls away. The preferred values of
245 3.29 295 4.47 B(\) are those of Talukdaet al® averaged over 5 nm inter-
250 2.96 300 4.94 vals around the given wavelength.

g‘gg g'gg 22(5) 222 The preferred value of the quantum yield is based on the
265 292 315 734 work of Talukdaret al2 who concluded that the photodisso-
270 3.08 320 8.74 ciation of methyl nitrate at 248 nm produces Nénd CHO

275 3.28 325 9.97 with a quantum yield essentially of unity. This is in accord
;gg g?é 330 136 with the general assumptibthat the lack of structure in the

absorption spectrum of RONGnolecules indicates that the
®The tabulated values d8 may be used to calculate(\,T) using the quantum yield for dissociation is unity, am_j is supported by
relationship Ino(\,T)=In (1,298 K)+ B(\)(T—298). the recently measured value for ethyl nitrate $f=1.0
+0.1 at 308 nnf.

Quantum Yields
¢1=1.0 for A=248 nm.

References
Comments on Preferred Values

The preferred values of the absorption cross-sections at ) . :

298 K | f the data of Roberts andJ. M. Roberts and R. W. Fajer, Environ. Sci. Techrd, 945(1989.

- are_average zva ues from 3 ) * O. Rattigan, E. Lutman, R. L. Jones, R. A. Cox, K. Clemitshaw, and J.
Fajer; Rattiganet al,© and Talukdaret al.”> which are in Williams, J. Photochem. Photobiol. #6, 313 (1992; 69, 125(1992.
excellent agreement over the whole wavelength range of théR-g-ATﬁFgU'g‘af; ﬂ BI-(BUkahOg’ﬁf: M-S HU”}:e'v "é'- K-T %;739-7'\(/'1-9%?8”5:

. - adn . R. Ravishankara, J. em. S0C. Faraday .
measurements. They are also in reasonable agreement wunl’j‘_ M. Roberts, Atmos. Enviror24A, 243 (1990.
the absorption spectrum reported by Calvert and Pits 5J. G. Calvert and J. N. Pitts, JRhotochemistryWiley, New York, 1966.
with the cross-sections reported by Maeigal® The results ~ °H. J. Maria, J. R. McDonald, and S. P. McGlynn, J. Am. Chem. 98¢.
7 : : 1050(1973.
of Taylor et al'. ar_% E,CEHS'Steme hlgher than the valugs from "W. D. Taylor, T. D. Allston, M. J. Moscato, G. B. Fazekas, R. Kozlowski,
the other studie$;3>®by as much as a factor of two in the and G. A. Takacs, Int. J. Chem. Kind2, 231 (1980).

region 290—-330 nm. 8L. Zhu and C.-F. Ding, Chem. Phys. Lef65, 177 (1997.

C,HsONO, + hv — products

Primary photochemical transitions

Reaction AHjggkJ-mol™? Mhreshold MM
C,H:ONO, + hy—C,H,0+NO, 1) 171.7 697
—CH;CHO+HONO (2) —-91.3
—C,H;ONO+0O 3 299.4 400

Absorption cross-section data

Wavelength range/nm Reference Comments
270-315 Roberts and Fajer, 1989 (@
185-330 Turbergt al, 199¢ (b)
265-340 Zhu and Ding, 1987 (©)
235-340 Clemitshawet al,, 1997 (d)
236-340 Talukdaet al, 1997 (e
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Quantum yield data (=, + P+ P3)

Measurement Wavelength range/nm

Reference Comments

$1=1.0x0.1 308

Zhu and Ding, 1987 (f)

Comments

Preferred Values

(@ Absorption cross-sections were measured in a 10.2 cm
pathlength cell, using a single-beam spectrometer withf\bsorption cross-sections at 298 K and their temperature depen-

a photometric accuracy of 0.5%. Numerical data for
cross-sections are available from Ref. 6.

dence over the ranges 233-360 K and 235-340 nm 2

(b) Absorption cross-sections were measured in cells of 2/, 17 g/em? 1 B/K-E  Mnm  16° o/o? 1G B/K -1
and 10 cm pathlengths with a range of pressures of
C,H:ONO,. The spectral resolution was not specified. 188 i;ig ;gg 3‘15 ?,Z
(c) Cross-sections measured at 10 K intervals, betweer g 1490 275 27 33
238 and 298 K, using cavity ring-down spectroscopy. 200 1140 280 292 36
Absorption cross-sections were obtained by measuringos 738 285 1.7 3.8
optical loss as a function of sample gas pressure210 400 290 12 4.2
(0.013-18 mbar The purity of ethyl nitrate was > 13? ggg g'gg ;‘Z
checked by FTIR and cavity ring-down Spectroscopy. ,,g 45 305 033 58
(d) Absorption cross-sections were measured with a dual-zg 24 310 0.19 6.7
beam diode array spectrometer, with a spectral resolu235 11.9 1.4 315 0.10 7.9
tion of approximately 0.6 nm, over the temperature 240 7.7 2.8 320 0.051 8.6
range 233-298 K. The purity of the ethyl nitrate was ggg i'g g'g ggg 8'8?2 ig'g
checked by NMR and FTIR. 255 41 2.6 335 0.0049 14.1
(e) Absorption cross-sections were measured with a diode-gg 39 26 340 0.0025 15.6

array spectrometer at 298 K and six other temperatures

in the range 240-360 K. Absorbances were measurefihe temperature variation of the absorption cross-section at a particular
in 80 nm blocks which were assembled to construct thewavelength in the range 240-340 nm is expressed as(Tn
spectrum. Corrections were made for contributions to ~/n 0298 K)=B(T—298).

the spectrum from N@present in the ethyl nitrate.

Quantum Yields

(f)  Excimer laser used to photodissociate ethyl nitrate in a ¢$1=1.0+0.1 at 308 nm, independent of pressure over the
cavity ring-down spectrometer. Time-resolved spectraemperature range 278—298 K.

of products observed. Only N@ound as product, with
undetectable yields of HONO and,ldsONO. Quan-

tum yield measurements were made at 278, 283, 28g-0mments on Preferred Values
293, and 298 K with ethyl nitrate pressures of 1.3—13 Since our previous evaluation, IUPAC, 199tere have
mbar in a buffer gas of Nat total pressures of 16 mbar been three new studi&s of the absorption cross-sections

to 1 bar.¢, was found to be pressure and temperatureand their temperature dependence. The new results at 298 K

independent.

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999

are in excellent agreement with the previous two studies
on which the recommendation in IUPAC, 199¥ere based.
The preferred values of the cross-sections at 298 K are those
obtained by Turberget al? over the range 185-230 nm,
where this is the only study, and for the range 235—-340 nm
averages are taken of the values from all of the five
studied~® at the wavelengths where they overlap. The result-
ing values are within a few percent of the preferred values
recommended in our previous evaluation, IUPAC, 1997.
The temperature variation of the cross-sections has also
been studied by Zhu and DirigClemitshawet al,* and Ta-
lukdar et al® These studies together cover the temperature
range 233-360 K and the wavelength range 235-340 nm. It
is found in all of the studies that the temperature variation of
o can be expressed as &\, T)—In o(\,298 K)=B(\)(T
—298). The results from the three studigsare in good
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agreement and the preferred valuesBBdiave been obtained References

by averaging values from the three studies. ) _ _ '
The only direct measurement of the quantum yield is that,?: M- Roberts and R. W. Fajer, Environ. Sci. Techrad, 945(1989.

f 7h d Di 93 Their findi that at 308 th | M. P. Turberg, D. M. Giolando, C. Tilt, T. Soper, S. Mason, M. Davies, P.
0 u. an . !n ) e 'r_] Ing tha a nm e'soe Klingensmith, and G. A. Takacs, J. Photochem. Photobddl, 281
photodissociation channel is that leading to N@oduction (1990.
with a quantum yield of unity is accepted for our preferred jL- Zhu and C.-F. Ding, Chem. Phys. LeR65 177(1997.
value of the guantum yield. It is in accord with the studies of K. C. Clemitshaw, J. Williams, O. V. Rattlgan, D. E. Shallcross, K. S.

89 wh luded that the measured rates of,NO Law, and R. A. Cox, J. Photochem. Photobiol. 102 117 (1997.
Luke et .al- who conclude neasurea 7 SR. K. Talukdar, J. B. Burkholder, M. Hunter, M. K. Giles, J. M. Roberts,
production from ethyl nitrate photolysis in sunlight could be and A. R. Ravishankara, J. Chem. Soc. Faraday T@#2797(1997.

accounted for by assuming thég =1 throughout the region jJ- M. RObertSI, Atmos. Envir;)erA, f243 (1990. ducto
_ e i IUPAC, Supplement V, 1997see references in Introduction
290-340 nm. This is also supported by the recently mea SW. T. Luke and R. R. Dickerson, Geophys. Res. L&§. 1181(1988.

sured V‘?lue of unity for the same channel in the 248 NMeywy. T. Luke, R. R. Dickerson, and L. J. Nunnermacker, J. Geophys. Res.
photolysis of methyl nitraté. 94, 14905(1989.

n-C3;H,ONO, + hv — products

Primary photochemical transitions

Reaction AH5ggkJd-mol ™t N threshoidNM
n-C,yH,ONO,+ hy—n-C3H,0+NO, 1) 165.9 721
—C,HsCHO+HONO %) -92.8
—C4H,0NO+0 )
Absorption cross-section data
Wavelength range/nm Reference Comments
270-330 Roberts and Fajer, 1989 (@
185-330 Turbergt al, 199G (b)
220-340 Clemitshawet al, 1997 (©)
Comments Preferred Values
(@ Absorption cross-sections were measured in a cell of _ _
10.2 cm pathlength using a single-beam spectrometer Absorption cross-sections at 298 K
with a photometric accuracy af0.5%. No NG could
be detected by FTIR in the-propyl nitrate. Anm 16° a/cn? Anm 16° a/cn?
(b) Absorption cross-sectlorjs were measured in 2 and 1%85 1810 265 36
cm pathlength cells with a range of pressures of 19 1800 270 3.2
n-C3;H,ONG, at an unspecified spectral resolution. 195 1600 275 2.8
(c) Absorption cross-sections were measured with a dual-200 1260 280 23
beam diode array spectrometer, with a spectral resolu29> 855 285 18
tion of approximately 0.6 nm. The purity of the 10 489 290 13
) : : 215 244 295 0.95
n-propyl nitrate was checked by NMR and FTIR. 220 105 300 0.57
225 50 305 0.34
230 27 310 0.19
235 15 315 0.10
240 8.9 320 0.053
245 6.0 325 0.031
250 4.8 330 0.022
255 4.4 335 0.018
260 4.0 340 0.016
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Comments on Preferred Values photodissociation of both ethyl and methyl nitrate to form
Since our previous evaluation, IUPAC, 199TJemitshaw  NO, have been shown to be unity at 308 and 248 nm, re-
et al® have measured the absorption cross-sections at 298 &pectively(see data sheets in this evaluajioBince the ab-
over the range 220—340 nm. In the wavelength region whersorption spectra of organic nitrates are very similar, with
their measurements overlap with those of Roberts and Fajestructureless continua occurring in the same region of the
(270-320 nm, the two studies are in excellent agreement.spectrum, it seems likely that the photodissociation quantum
Agreement with the results of Turbegs al? is also very yield for n-propyl nitrate will also be unity. Further support
good in the range 220—295 nm, but the results of Turberdor this conclusion comes from direct measuremenfshe
et al? deviate significantly from those of both Clemitshaw rate of formation of N@ from the photolyses of
et al® and Roberts and Fajeat \>295 nm. This tendency n-C;H,ONO, in sunlight. These agreed well with the calcu-
to obtain higher values of the absorption cross-section dated rates of photolyses, based on measurements of the ab-
longer wavelengths is noticeable in the results of Turbergorption cross sections, solar irradiances, and an assumed
et al? in all of their studies of the higher nitrates and could value of ¢;=1 throughout the wavelength region 290—340
be due to traces of NQOn their samples. nm?>
The preferred values of the absorption cross-section are
those of Turberget al? for the range 185—-220 nm where
theirs are the only measurements. Over the range 220_.29153 M. Roberts and R. W. Fajer, Environ. Sci. Techis, 945 (1989
nm averageszare taken qf the res”gs of RObert.S and .':ajergl\)l. P.. Turberg, D. M. -Gio.lan(io,,c. Tilt, T: Sor;er, S. Mz;son, M. Da\-/ies, P.
Turberget al,” and Clemitshavet al” where their studies  yjingensmith, and G. A. Takacs, J. Photochem. Photobid1, 281
overlap, and over the range 295—-340 nm the preferred values1990.

are based on the results of Roberts and #ajed Clemit- 3K. C. Clemitshaw, J. Williams, O. V. Rattigan, D. E. Shallcross, K. S.
3 Law, and R. A. Cox, J. Photochem. Photobiol 182 117 (1997).
shawet al. . _
. . . “IUPAC, Supplement V, 1997see references in Introductipn
There are no data on either the products of photodissociasyy 1. Luke, R. R. Dickerson, and L. J. Nunnermacker, J. Geophys. Res.

tion or the quantum yields. However, the quantum yields for 94, 14905(1989.

References

i-C3H;ONO, + hv — products

Primary photochemical transitions

Reaction AH5edkJ-mol™t NthreshoidNM
i-CaH,ONO,+ hv—2-CH,0+NO, ) 171.7 697

—CH;COCH;+HONO 2 —105.9

—i-C3H,0NO+0 )

Absorption cross-section data
Wavelength range/nm Reference Comments
270-330 Roberts and Fajer, 1989 (@
185-330 Turbergt al, 199¢ (b)
220-340 Clemitshawet al, 1997 (©)
240-360 Talukdaet al, 1997 (d)
Comments (c) Absorption cross-sections were measured with a dual-

beam diode array spectrometer, with a spectral resolu-
tion of approximately 0.6 nm. The purity of the
i-propyl nitrate was checked by NMR and FTIR.
Absorption cross-sections were measured with a diode-

(@ Absorption cross-sections were measured in a 10.2 cm
pathlength cell using a single-beam spectrophotometer
with a photometric accuracy af 0.5%. Numerical data
for cross-sections are available from Ref. 5. Sampleéd)

(b)

were checked by FTIR for the presence of N@hich
was not found.

Absorption cross-sections were measured in 2 and 10
cm pathlength cells, with a range of pressures of
i-C3H,ONO,, at a bandwidth of 1 nm.

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999

array spectrometer at 298 K and six other temperatures
in the range 240-360 K. Absorbances were measured
in 80 nm blocks which were assembled to construct the
spectrum.
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Preferred Values ticeable in the results of Turbewg al? for all of the higher
nitrates and could be due to traces of N@esent in their
Absorption cross-sections at 298 K and their temperature depen- samples. ' '
dence over the ranges 233-360 K and 240-340 nm ° The preferred values of the absorption cross-sections at

298 K are those of Turberet al? for the range 185—220 nm,
Mnm o 18 ofem? 1R B/K-Y  Mnm 18 ole? 1@ B/k-!  Where theirs are the only values. Over the range 220—-305 nm
averages are taken of the results of Roberts and Edjer;

122 g?g gg g:g 2:2 berget al.,_2 Clemitshawet al.® and Talukdaret al,* where

190 1790 85 29 4.0 their studies overlap, and over the range 310-360 nm the
195 1610 290 1.6 4.4 preferred values are based on the results of Roberts and
200 1260 295 12 48 Fajer! Clemitshawet al.® and Talukdaret al*

205 867 300 0.78 5.4 The preferred values of the const@)twhich characterize

210 498 305 0.50 6.1 the temperature dependence of the absorption cross-sections
215 247 310 0.29 6.9 i

220 125 315 0.17 8.1 are those of Talukdaet al.

225 62 320 0.085 9.4 There are no data on either the products of photodissocia-
230 34 325 0.044 11.1 tion or the quantum yields. However, the quantum yields for
235 18 330 0.022 119 the photodissociation of both ethyl and methyl nitrate to
240 11 28 335 0.011 14.0 form NO, have been shown to be unity at 308 and 248 nm,
245 7.0 2.7 340 0.0053 13.9 ) . . o

250 5.4 25 345 0.0018 respectively(see data sheets in this evaluajioSince the

255 4.9 25 350 0.00080 absorption spectra of organic nitrates are very similar struc-
260 4.6 2.6 355 0.00029 tureless continua occurring at similar wavelengths, it seems
gsg g-g gi 360 0.00018 likely that the photodissociation quantum yield for isopropyl

nitrate will also be unity. Further support for this conclusion
comes from measurements of the rate of formation of, NO
®The temperature variation of the absorption cross-section at a particulgfiom the photolyses of alkyl nitrates in Sun”dhﬂ_’hus the
V—v?r\]/i!(GZr:)gE:hK)TB (tThfng’)‘ge 240-340 nm is expressed as(M  measyred rate of formation of N@natched well with calcu-

' lated rates of photolyses based on measurements of the ab-
sorption cross section, solar irradiances, and an assumed

Comments on Preferred Values value of ;=1 throughout the wavelength region 290—330
Since our previous evaluation, IUPAC, 199CJemitshaw  nm?

et al® have measured the absorption cross-sections at 298 K

over the range 220—-340 nm and Talukeéaml* have mea-

sured both the gross—secnons at 298 K over the range 24O.TJ‘ M. Roberts and R. W. Fajer, Environ. Sci. Techi, 945 (1989.

360 nm and their temperature dependence at temperatures iy p. Turberg, D. M. Giolando, C. Tilt, T. Soper, S. Mason, M. Davies, P.

the range 240—360 K. The results of Clemitsheial® and Klingensmith, and G. A. Takacs, J. Photochem. PhotobAdl1, 281

of Talukdaret al are in excellent agreement with the earlier (1990

2 K. C. Clemitshaw, J. Williams, O. V. Rattigan, D. E. Shallcross, K. S.
results of Roberts and Fa}eand Turberget al~ at wave- Law, and R. A. Cox, J. Photochem. Photobiol. 2, 117 (1997,

lengths where they overlafin the range 220—-330 nmex- “R. K. Talukdar, J. B. Burkholder, M. Hunter, M. K. Giles, J. M. Roberts,

cept for the results of Turberet al? at wavelengths=310 ,and A. R. Ravishankara, J. Chem. Soc. Faraday T@8)2797 (1997.
; ; ; ; _>J. M. Roberts, Atmos. Enviror24A, 243(1990.
nm which deviate |ncrea§|ngly from thgse of the other StUd.GIUPAC, Supplement V, 109%see references in Introductipn
ies as the wavelength increases. This tendency, to Obtalm\N. T. Luke, R. R. Dickerson, and L. J. Nunnermacker, J. Geophys. Res.

higher values than others in this wavelength region, is no- 94, 14905(1989.

References

1-C4HyONO, + hv — products

Primary photochemical transitions

Reaction AH;QJKJ_mOrl Nrechod/NM
1-CHONO,+ hv—1-CHgO+NO, 1

—1-C3H,CHO+HONO 2

—1-C;HsONO+O 3)

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999
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Absorption cross-section data

Wavelength range/nm Reference Comments
270-315 Roberts and Fajer, 1989 @
185-320 Turbergt al, 199¢ (b)
220-340 Clemitshawet al, 1997 (©)
Comments the studies overlafin the range 220—320 nmexcept for the

2 .
(@ Absorption cross-sections were measured in a 10.2 ¢ resglts (?f Turb(_arget al” at wavelengths=300 nm .Wh'Ch
pathlength cell using a single-beam spectrophotometerewate mcrt_aasmgly from.those of the other_ stu_dles as the
with a photometric accuracy of 0.5%. Data are pre- wavelength increases. This tendency to obtain higher values

sented graphically but an expression doas a function than others in this wavelength region, is noticeable in the

2 . .
of \ is derived from a least-squares fit to the data atresults of Turberget al“ for all of the higher nitrates and

N=270 nm. Purity of the butyl nitrate was checked by could be due to traces of N(present |n_the|r samples_.
FTIR. The preferred values of the absorption cross-sections are

2 —
(b) Absorption cross-sections were measured in 2 and 1@:0% of Turberget al,” for the range 185-220 nm, where

em pathlenath cells in a Varian Carev 219 spectropho. eirs are the only values. Over the range 220—295 nm av-
P 9 . y P P erages are taken of the results of Roberts and Edjarberg
tometer using a bandwidth of 1 nm.

2 ; 3 ; ;
(c) Absorption cross-sections were measured with a dual?t al,” and Clemitshavet al,” where their studies overlap,
beam diode array spectrometer, with a speciral resol and over the range 300—400 nm the preferred values are

tion of approximately 0.6 nm. The purity of the ethyl Yased on the results of Roberts and Fagerd Clemitshaw

. etal®
nitrate was checked by NMR and FTIR. There are no data on either the products of photodissocia-

tion or the quantum yields. However, the quantum yields for

Preferred Values the photodissociation of both ethyl and methyl nitrates to
form NO, have been shown to be unity at 308 and 248 nm,
Absorption cross-sections at 298 K respectively(see data sheets in this evaluajioBSince the

absorption spectra of alkyl nitrates are very similar structure-
less continua occurring at similar wavelengths, it seems

Nnm 16° o/cn? Nnm 16° o/cn? . . o .

v o likely that the photodissociation quantum yield for 1-butyl
185 1810 265 3.9 nitrate will also be unity. Further support for this conclusion
122 1228 ;;(5) g-g comes from measurements of the rate of formation of, NO
200 1300 280 2'4 from the photolyses of alkyl nitrates in sunlig‘hﬂ.’hus the
205 889 285 1_'9 measured rate of formation of N@natched well with calcu-
210 518 290 1.4 lated rates of photolyses based on measurements of the ab-
215 263 295 0.89 sorption cross sections, solar irradiances, and an assumed
220 11 300 0.57 value of ¢;=1 throughout the wavelength region 290—-330
225 58 305 0.34 nm?
230 30 310 0.19 :
235 17 315 0.10
240 9.8 320 0.051
245 6.3 325 0.031 References
250 5.3 330 0.021
255 4.6 335 0.016
260 4.3 340 0.013 1J. M. Roberts and R. W. Fajer, Environ. Sci. Techrad, 945 (1989.

2M. P. Turberg, D. M. Giolando, C. Tilt, T. Soper, S. Mason, M. Davies, P.
Klingensmith, and G. A. Takacs, J. Photochem. Photobidl, 281
(1990.

3 . - .

K. C. Clemitshaw, J. Williams, O. V. Rattigan, D. E. Shallcross, K. S.

Comments on Preferred Values. 2 Law, and R. A. Cox, J. Photochem. Photobiol. 02, 117 (1997).

The results of Roberts and Fafefurberget al,” and Cle- 4W. T. Luke, R. R. Dickerson, and L. J. Nunnermacker, J. Geophys. Res.

mitshawet al2 are in good agreement at wavelengths where 94, 14905(1989.

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999



EVALUATED KINETIC AND PHOTOCHEMICAL DATA 387
2'C4H90N02 + hV e prOdUC'[S

Primary photochemical transitions

Reaction AHjedkJ-mol™ Nthreshold MM
2-C4HgONO,+ hv—2-C,Hs0+NO, (1)

—CHyCOG,H+HONO )

—2-C,HONO+0O )

Absorption cross-section data

Wavelength range/nm Reference Comments
250-320 Roberts and Fajer, 1989 (@
Comments Comments on Preferred Values
. : : The only available measurements of the absorption cross-
(@ Absorption cross-sections were measured in a cell of

10.2 cm pathlength using a single-beam spectropho§ecu0ns are those of Roberts and Faj€éheir measurements

tometer with a photometric accuracy of0.5%. The of_ cross—secnops for other_ alkyl nitrates have agreed well
. . . with other studies, and their values are accepted as the pre-
expression fowr as a function ol was derived from a

. ferred values for 2-butyl nitrate.
least-squares fit to the dataXe270 nm. There are no data on either the products of photodissocia-
tion or the quantum yields. However, the quantum yields for
the photodissociation of both ethyl and methyl nitrates to
form NO, have been shown to be unity at 308 and 248 nm,

Preferred Values respectively(see data sheets in this evaluajioSince the
absorption spectra of alkyl nitrates are very similar structure-
Absorption cross-sections at 298 K &b less continua occurring at similar wavelengths, it seems

likely that the photodissociation quantum yield for 2-butyl

nitrate will also be unity. Further support for this conclusion

M 160 o/cn? M 16° o/cn? .

nm e nm e comes from measurements of the rate of formation of, NO
250 6.5 290 1.8 from the photolyses of alkyl nitrates in sunlighThus the
255 5.6 295 13 measured rate of formation of NOnatched well with the
;gg i'g 28(5) 8'23 calculated rates of photolyses based on measurement of the
270 42 310 029 absorption cross sections, solar irradiances, and an assumed
275 3.7 315 0.15 value of =1 throughout the wavelength region 290-330
280 3.1 320 0.08 nm?2
285 2.4

References

@/alues at\ <265 nm are taken from graphs in Ref. 1. 1J. M. Roberts and R. W. Fajer, Environ. Sci. Techrd, 945 (1989.
bvalues ath =270 nm are calculated from the expression given in Ref. 1 ?W. T. Luke, R. R. Dickinson, and L. J. Nunnermacker, J. Geophys. Res.
based on a least-squares fit to the data. 94, 14905(1989.
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CH302N02 + hV e prOdUCtS
Primary photochemical transitions
Reaction AH%ggkJ-molt2 Nnreshold MM
CH30,NO,+hy—CH;0,+NO, 1) 88 1359
—CH;0+NO; ) 135 886

®Only approximate values afHqyg values are given since the heat of formation of ONO, is not well known.

Absorption cross-section data

Wavelength range/nm Reference Comments
202-280 Bridier, Lesclaux, and Veyret, 1992 (@
Comments siderable experimental problems. Nevertheless, the measure-
. . ments of Bridieret al! are in moderately good agreement
(@ Flash photolysis of Gl in the presence of y 9 9

CH,—0,—NO, mixtures at a total pressure of 1 bar,
with UV absorption to monitor the concentrations of

CH30, radicals and CKDO,NO,.

Preferred Values

Absorption cross-sections at 298 K

Nnm 16° o/cn? Nnm 16° o/cn?
200 500 265 20.0
205 360 270 16.0
210 240 275 13.0
215 150 280 10.5
220 105 285 6.2
225 80 290 3.9
230 68 295 2.4
235 60 300 1.4
240 53 305 0.85
245 46 310 0.53
250 39 315 0.39
255 32 320 0.24
260 26 325 0.15

Comments on Preferred Values
In view of the thermal instability of CED,NO,, the mea-
surement of the cross-sections for {LHNO, presents con-

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999

with previous data at wavelengths<255 nm and are taken

as the preferred values in the range 200—-280 nm. At longer
wavelengths the agreement is less good and the experimental
data from Cox and Tyndaflwhich are the only values ex-
tending into the wavelength region of importance for the
troposphere X=290 nm), show large scatter. The preferred
values given in the table for wavelength280 nm are based

on a comparison with the spectrum of KD, (IUPAC,
1997). The preferred values are identical to those in our
previous evaluation, [UPAC, 1997.

There are no data to indicate the relative importance of the
two photodissociation channels, and neither can be precluded
on energetic grounds in the absorbing wavelength region. By
analogy with other molecules containing the —NE€hro-
mophore(for example, HNQ), it is likely that absorption
around 270 nm is associated with an orbitally forbidden
n—7* transition which leads to dissociation of the molecule.
Thus it is probable tha#, + ¢,=1.

References

11. Bridier, R. Lesclaux, and B. Veyret, Chem. Phys. L&81, 259(1992.
2R. A. Cox and G. S. Tyndall, Chem. Phys. Lei6, 357 (1979.

30. Morel, R. Simonaitis, and J. Heicklen, Chem. Phys. 1%3t38(1980.
4S. P. Sander and R. T. Watson, J. Phys. CHg4n1664(1980.
SIUPAC, Supplement VI, 1997see references in Introduction
S|UPAC, Supplement V, 1997see references in Introductipn
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CH3;C(O)OONO, + hv — products

Primary photochemical transitions

Reaction AH%gkJ-mol™* Nnreshold MM
CH;CO;NO,+ hy—CH5CO3+NO, ) 119 1005
—CH,CO,+NO; 2 124 965

Absorption cross-section data

Wavelength range/nm Reference Comments
220-325 Libuda and Zabel, 1995 (@
196-350 Talukdaet al, 199% (b)

Quantum yield data (=, + ;)

Measurement Wavelength range/nm Reference Comments
d(NOy) 248 Mazely, Friedl, and Sander, 1995 (©
Comments ments. Cross-sections were measured at 250, 273, and
298 K.

(@ Longpath(39.1 m UV absorption cell with diode array

detector  used The concentration of the (c) Pulsed laser photolysis of PAN with LIF detection of

CH,C(O)OONO, was determined by FTIR(path- NO,. The quantum yield for N@formatiorj was mea-
length, 51.6 Min the same cell. The UV spectral reso- sured relative to that from the photodissociation of
lution was 0.6 nm. HNO; at 248 nm, assuming a value @#{NO,) from

(b) Diode array spectrometer with a resolution of 0.2 nm HNO; of unity at this wavelengtiisee data sheet for
used with temperature controlled=1 K) absorption HNO; photolysis, IUPAC, 199%. A value of
cells of pathlengths 100 and 25 cm. gEO)OONO, $(NO,)=0.83*0.09 for the photolysis of PAN at 248

concentrations were determined by pressure measure- nm was obtained.

J. Phys. Chem. Ref. Data, Vol. 28, No. 2, 1999
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Preferred Values

ATKINSON ET AL.

Absorption cross-sections at 298 K and the temperature coeffi-

cient B2

Mnm  1G%¢/en? 10°B/KY NMnm  1G°o/cn? 10° B/K !
196 429 2.02 274 2.45 5.55
198 398 1.73 276 2.07 5.76
200 361 1.36 278 1.74 5.98
202 325 1.07 280 1.46 6.20
204 292 0.86 282 1.21 6.43
206 261 0.75 284 1.01 6.67
208 226 0.71 286 0.81 6.90
210 196 0.75 288 0.648 7.15
212 168 0.84 290 0.537 7.39
214 143 0.97 292 0.447 7.63
216 122 1.12 294 0.369 7.86
218 104 1.29 296 0.297 8.08
220 89.7 1.47 298 0.245 8.27
222 77.7 1.64 300 0.189 8.44
224 67.6 1.81 302 0.152 8.61
226 59.3 1.98 304 0.125 8.76
228 52.0 2.14 306 0.0998 8.87
230 458 2.30 308 0.0816 9.01
232 40.4 2.46 310 0.0666 9.13
234 355 2.63 312 0.0538 9.30
236 31.4 2.80 314 0.0462 9.46
238 27.9 2.96 316 0.0363 9.57
240 24.4 3.11 318 0.0300 9.75
242 215 3.25 320 0.0252 10.0
244 18.8 3.39 322 0.0199 10.2
246 16.6 3.52 324 0.0166 10.4
248 14.6 3.64 326 0.0140 10.6
250 12.9 3.76 328 0.0117 10.7
252 11.4 3.87 330 0.0106 10.9
254 10.0 3.98 332 0.00857 11.2
256 8.86 4.10 334 0.00676 11.5
258 7.8 4.23 336 0.00615 11.7
260 6.85 4.38 338 0.00526 11.9
262 6.01 453 340 0.00502 12.2
264 5.23 4.68 342 0.00360 12.4
266 4.54 4.82 344 0.00241 12.5
268 3.94 4.97 346 0.00231 -
270 3.37 5.14 348 0.00247 -
272 2.87 5.34 350 0.00165 -

Comments on Preferred Values

The preferred values of the absorption cross-sections at
298 K are based on the work of Libuda and Zabehd
Talukdar et al.? which agree to within a few percent at
wavelengths below 290 nm and only slightly less well at
longer wavelengths where the error limits on the measure-
ments increase because of the difficulty of measuring the
small cross-sections in that region of the spectrum. The pre-
ferred values at 298 K differ significantly from those in our
previous evaluation, IUPAC, 1997particularly at longer
wavelengths.

Talukdaret al? have also measured the cross-sections at
three temperatures and expressed their results in the form
In[o(T)/0(298 K)]=B(T—298) whereB is a constant at a
particular wavelength. The values 8f and ¢(298 K) ob-
tained by Talukdaet al? are listed as our preferred values.

Measurements are still needed on the quantum yields and
relative importance of the proposed primary processes as a
function of wavelength. The NQOformation quantum yield
measured by Mazelgt al® at 248 nm suggests that pathway
(1) dominates. It is therefore suggested that ¢ ¢,) =1 for
absorption in the UV region and that chanrig} forming
CH5C(0)0O, and NG is the dominant photochemical primary
process.

References

'H. G. Libuda and F. Zabel, Ber. Bunsenges. Phys. Cl98m1205(1995.

2R. A. Talukdar, J. B. Burkholder, A.-M. Schmolter, J. M. Roberts, R. R.
Wilson, and A. R. Ravishankara, J. Geophys. R&X) 14163(1995.

3T. L. Mazely, R. R. Friedl, and S. P. Sander, J. Phys. Ch@9n8162
(1995.

4IUPAC, Supplement VI, 1997see references in Introductijpn

SIUPAC, Supplement V, 1997see references in Introductipn

@Absorption cross-sections at temperatures in the range 250—-298 K are cal-
culated using the equation[l(T)/a(298 K)]=B(T—298).
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5. Appendix 1

Enthalpy Data *

Species A¢Hjod kJ-mol™* A¢Hy/kd-mol ™t Reference
H 217.998-0.006 216.030.006 27
H, 0 0 27
oCpP) 249.18-0.10 246.79-0.10 27
o(*D) 438.9 436.6 32
0, 0 0 27
0,(*A) 94.3 94.3 32
0,(*3) 156.9 156.9 32
0, 142.7 145.35 67
HO 39.3r2.1 39.0-2.1 40
HO, 14.6 40
H,O —241.826-0.040 —238.92-0.04 27
H,0, —136.31 —130.04 67
N 472.68-0.40 27
N, 0 0 27
NH 352+ 10 58
NH, 188.7+1.3 40
NH; —45.94+0.35 27
NO 90.25 89.75 67
NO, 33.18 35.98 67
NO; 73.72¢1.4 78.95-1.4 28
N,O 82.05 85.500 67
N,O, 9.1+1.7 18.7+1.7 21
N,Os 11.3 21,28
HNO 112.95-0.25 110.02-0.25 31
HNO, —-79.5 67
HNO, —135.06 —125.27 67
HO,NO, —57.24 56
CH 596.4- 1.2 40
CH,(°By) 390.4+4 40
CH,(*A) 428.3+4 40
CH;, 146.4+0.4 40
CH, —74.81 —66.818 67
CN 435+ 10 21,40
HCN 135+ 8 21
HCO 43.1 6,23
CH,0 —-108.6 —-104.7 32
CH;0 17.2+3.8 40
CH,OH -17.8+1.3 -115+1.3 39
CH;OH —201.60.2 26
co —110.53-0.17 27
NCO 159+ 10 21
HOCO —205+10 35
COOH —223.0 40
HCOOH —378.8:0.5 —-371.6 26
CH;0, 10.4+3.1 46
CH,O0H —-131 9
HOCH,0, —162.1+2.1 46
CH;ONO —65.3 9
CH,ONO, -119.7 9
CH40,NO, —44 56
Cco, —393.51+0.13 27
C,H 566.1+2.9 40
CH, 228.0+1.0 26
C,H; 300.0+3.4 40
C,H, 52.2+1.2 26
C,Hs 120.9+1.6 40
CHg —84.0:0.2 26
CH,CN 243.1+11.3 40
CH,CN 64.3+26.3 61
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Species AfHoedkdmol™  AHy/kd-mol*  Reference
CH,CO —47.7+1.6 55
CH,CO ~10.0:1.2 40
CH,CHO 10.5+9.2 40
CH=CHOH 120-10 34
CH,CHO —165.8-0.4 26,61
C,H:0 —15.5+3.4 40
C,H,OH ~23+6 34
CH,CHOH —63.6-4.2 40
C,H;OH —234.8-0.2 26,61
(CHO), —-211.9-0.8 26,61
CH,CO, —207.5:4 40
CH,COH —432.14-0.4 26,61
C;Hs0; —28.7+6.5 46
CH;00CH, ~125.7+1.3 26,61
CHC(0)O, —172+20 46
C,H:ONO ~103.8 26,61
C,HsONO, —154.1+1.0 26,61
C,Hs0,NO, ~63.2 30
CH,C(O)O,NO,  —258+22 14
CH,=CHCH, 170.7:8.8 40
CsHg 20.2+0.4 26,61
n-CsH, 97.5:2.5 40
i-CsH; 90.0+1.6 40
CiHs ~104.5-0.3 26,61
C,H.CO —32.3+4.2 10,68
CHsCOCH, ~23.9+10.9 40
C,HsCHO —187.4-1.5 26,61
CH,COCH, —217.2:0.4 26,61
C4HOH —74 9
n-CsH,0 —41.4 40
i-CH,0 -52.3 40
i-C,H,OH —272.5-0.4 26,61
CH,COCHO —271.1+4.7 26,61
C5Hs0, 87.9+5.5 46
i-C4H,0, ~68.9+5.1 46
n-CsH,ONO, —174.1+1.3 26,61
i-C;H,0NO, ~190.8¢1.7 26,61
n-C4Hg 76.3+5.0 16
s-C4Hq 67.4+2.1 40
n-C4Hqg —125.7+0.4 26
n-C;H,CHO —204.8-1.5 26
CH,COCHs —238.5:0.5 26
n-C,HO -62.8 40
$-C,HO ~69.5-3.3 40
S 277.170.15 27
HS 143.01+2.85 142.55-3.01 53
H,S —20.6+0.5 27
HSO -4 47
SO 5.0:1.3 5.0-1.3 21
HSGO, —222 13
SO, —296.81+0.20 27
HOSGO, —385 48
SO, —395.72 —389.99 67
HSNO 94 12
CH5S 124.60+1.84 53
CH,;SH —22.9+0.6 57
CH,;SCH, 136.8+5.9 37
CH3SCH, —-37.24 —21.058 67
CS 272 268 8
CHsSO —67+10 17
CH;SOO 75.7+4.2 87.9+4.6 65
OCSs —142.09 —142.218 67
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Enthalpy Data *—Continued Enthalpy Data *—Continued

Species AHoegkdmol™t  A(Hy/kd-mol™t  Reference Species AfHjedkd-mol™t  AHy/kd-mol™t  Reference
S, 128.60 27 Cl,04 153 15
CH,SS 72.4+4.2 8 ccl, 239 40
CH;SSCH; —243 8 CHCl, 98.3+5.0 64
CS, 117.36 116.57 67 CHCL,O, 16 26
HOCS, 110.5-4.6 S0 CH,C, ~95.4+0.8 ~88.5-0.8 59
EF 392'322063870 g CHFCl, ~284.9+8.38 22
HOF ~98.3+4.2 —~95.4+4.2 21 gggf :zgol'i 10.0 —218.4 6342
FO 109+ 10 108+ 10 20 ' :
FO, 25.4+2 27.2+2 20 CFCLO, —213.7 46
FONO 67 4 CFCLO,NO, —287.4 43
ENO, _1088 56 CF,Cl, —493.3+25 —489.1+2.5 22
FONO, 10 18 21 CH,CICF,CI —543+10 45
CH,F —31.8-8.4 40 CF;CHC, —740=10 45
CHgF -232.6 42 CF,CICHFCI —724+10 45
CH,CH,F —263+2 45 CF,CICR.CI —925.54.3 41
HCOF —392.5:6.3 69 CCly 71.1+2.5 69.9+2.5 36
FCO —171+63 —172+63 21 CCl,L0, —11.3+4.6 46
F2 0 0 27 CCLO,NO, -83.7 43
CHF, —238.9:4 40 CHCl, -103.3-1.3 21
CH,F, —453+8 45 C,HCl, ~7.78 ~4.318 67
CH,CHF; —501+6 45 CH,CCl, —144.6:0.8 4
Ch, —194.1x9.2 40 CFCl, —284.9+1.7 —281.1 22
ESE :23‘7‘:; ~631.57 ig CF,CICFCl ~726.8-2.8 41
CF, ey a0 ccl, -95.8+0.6 —-93.6+0.6 59
CH,CF, ~517.1+5.0 40 CCly —12.4 —11.9 21
CH3CF3 —748.7+3.2 41 CLCls 33.5+5.4 33.9+6.3 54
CH,FCHF, —691+10 41 Br 111.8#0.12 27
CF3OH —023.4-13.4 24 HOBr =-56.19+1.76 60
CF:OF ~785 45 BrO 125.8-2.4 133.3 18
CR,0, —614.0-15.4 46 BrNO 82.17 91.46 67
CF;,COH —1031 57 BrONO 103 29
CF,0,NO, -686 30 BrNO, 62.7+7.5 44
CF, -933 —-927 59 BrONO, 47 56
cl 121.301+0.008 27 CH,Br 169.0-4.2 64
HCI —92.31+0.10 27 CH4Br ~38.1+1.3 11
HOCI —-78 —-75 32,49 CF,Br —650 45
clo 101.63-0.1 1 crclr ~438+8 45
cloo 97.457 99.128 3 Bl 14.6:1.3 22113 21
oclo 95.6-1.3 33,51 Br,(0) 3091 7
sym-CIO; 232.6-17 25 2
CINO 517 536 ” Br,O 107.1+3.5 63
CINO, 125 17.95 67  CHBR 188.2:9.2 64
CIONO 56 56 CFZBI'Z —379+8 45
CIONO, 22.9+2.2 2 CF,BrCF,Br —789.9 41
CH,CI 121.8+4.2 64 CHBr3 23.8£4.5 1
CH,CIO, 9.2 46 I 106.76 27
CH4CI —81.96+0.67 —74.04+0.67 59 HI 26.50 27
CHF,CI —483.7+5.9 22 Hol -90 38
CH,CHFCI —313.4:2.6 41 10 126+18 128-18 7,19
CH,CF.CI —536.2¢5.2 a1 INO 121.3+4.2 124.3-4.2 66
CIco -21.8+25 —23.4+29 52 INO, 60.2+4.2 66.5+ 4.2 66
COFCI 427 —423 21 CH,l 230.1+6.7 40
CFCl —20+29 45 CHgl 14.2+0.9 26
CFRCl —279.1+83 40 CFil —589.1+3.3 21
CF,CIO, —406.5+14.6 46 1(9) 62.42+0.08 27
CF,CIO,NO, —480 43
CRCl —707.9-3.8 —702.8+3.8 22 *Most of the thermochemical data have been taken from evaluations or
Cl, 0 0 27 reviews. In some cases, we have selected more recent experimental data,
CLO 77.2:3.4 62 which appear to be reliable. The error limits are those given by the original
Cl,0, 127.6-2.9 51 author or reviewer.
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