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This paper updates and extends a previous critical evaluation of the kinetics and photo· 
chemistry of gas phase chemical reactions of neutral species involved in middle atmosphere 
chemistry (10-55 km altitude) [J. Phys. Chern. Ref. Data 9, 295 (1980)]. The work has been 
carried out by the authors under the auspices of the CODATA Task Group on Chemical 
Kinetics. Data sheetS .have been prepared for 228 thermal and photochemical reactions, 
containing summaries of the available experimental data with notes giving details of the 
experimental procedures. For each reaction a preferred value of the rate coefficient at 298 K is 
given together with a temperature dependence where possible. The selection of the preferred 
value is discussed, and estimates of the accuracies of the rate coefficients and temperature 
coefficients have been made for each reaction. 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 data on enthalpies of formation of the reactant and product species. 

Key words: air pollution; atmospheric chemistry; chemical kinetics; data evaluation; gas phase; photo.absorption 
cross section; photochemistry; quantum yield; rate coefficient. 
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1. Preface 

This paper is the first supplement to the original set of 
critically evaluated kinetic and photochemical rate parameters 
for atmospheric chemistry, published by the CODATA Task 
Group on Chemical Kinetics in 1980 [1].1 At the present rate of 
publication of experimental laboratory data on the rates of ele· 
mentary atmospheric reactions, we estimate that Supplements 
to the Evaluation are required at approximately two·year inter· 
vals. 

The approach to the present supplement has been to pre· 
pare data sheets for reactions for which results have been pub. 
lished since December 1978, i.e., new data since the original 
evaluation. At the same time we have widened the scope of the 
datil basc by including two furthcr typcs of reaction, (i) rcactions 

I Figures in brackets indicate literature references. 

5.4. Organic Compounds ........................................ 407 
5.5. Sulfur Compounds .......................................... 438 
5.6. Fluorine Compounds ....................................... 451 
5.7. Chlorine Compounds ....................................... 454 
5.8. Bromine Compounds ....................................... 480 
5.9. Iodine Compounds .......................................... 484 

Appendix 1. Enthalpy Data ........... ............................. 493 
Appendix II. Conversion Tables .................................. 495 

involving C2 organic molecules and radicals and (Ii) reactions of 
iodine containing species. In addition we have included selected 
information on the reactions of vibrationally excited species 
such as HO·, 0 3* and vibrationally cxcited ainf5let Oz. 

It should be emphasised that in preparing the updated data 
sheets we have not listed all the previous data contained in the 
original evaluation [1]. Consequently, to obtain the overall pic. 
ture and background to the preferred rate parameters it is essen­
tial that the present supplement should be read in conjunction 
with the original evaluation [1]. For photochemical data sheets, 
in calSe", when: no new data have been publi",hed "ince the pre· 

vious evaluation, we have repeated here a summary of the rec· 
ommended values of the cross sections and quantum yields. 

The cut-off point for literature searching for this supple· 
ment was December 1980. As in our previous evaluation, how· 
ever, we also include data which, at the time of our final Task 
Group Meeting (May 1981), was available to us in preprint form. 



2. Summary of Reactions and Preferred Rate Data 

Page 1<'98 Temp. dtpendence of Temp. JJ.(E IR)/ 
nurnher Reaction em' molem.le-' S-l JJ. logk298 k /em' moiecuie- 1 

5-
1 range/K K 

Ox Reactions 

349 ° +~2+ M-03+ M 6.9X 10-" [02] (ko) ±O.l 6.9X lO-34(T /300)- LOr. [021 220-370 JJ.n= ±0.5 
6.2XlO-3'[N,l (ko) ±O.l 6.2X lO-'4(T /300) 2.0 [N21 220-370 .1n= ±0.5 
2.8X 10-'~ (k~) ±0.3 2.8Xll}-'2 200-300 JJ.n = ±0.5 ;III: 

Fe =0.85 JJ.F. = ±0.1 exp( - T 11800) + exp( - 72001T) 200-300 JJ.T· = ± 800 Z 
m 

350 0,' + M_OJ+M See data sheets for 0 + O2 + M-.. OJ + M -I 

351 o + ~3-202 8.4XI0-'~ +0.1 l.ax lir" exp( - 2300/T) :\20-400 ±200 n 
351 0+ ~,''''''O+ 0, f l.5X 10-" 

~ 
±0.5 Z -.,2°2 0 

352 O('n, + O,-~Oep) ." 

H,'I:, ~ Z 
0 .....oCr) 

4.0XlO- 1I ±0.05 3.2XlO-" exp( +67/1') 200-350 ± 100 -I 

+02('JJ..) 0 n 
..... 0('1') Z 

+ 0,('1: .-) m 
~ 

353 O( '0. + 0,~0,+ 20(,p) ~ n 
-.,.oep)+o, ,.. 
..... 20iJJ..) . 

,.. 
0 

-02( '.E ,+ ) + 2.4xlO- 11 ±0.05 2.4XlO-'o 100-400 ± 100 ~ 
O2(,1:.-) -I ,.. 

-.,.20/1: ,-) "II 

354 0,('.1.) + M-+O/1:.-) + M <1.4X 10-'~ (M=N,) 0 
:IV 

2.2XIO-" (M=02) ±O.3 !: 5XlO-'8 (M= H2O) ±0.3 
~ < 8X 10-2• (M = CO2) 0 

~.55 OiA.) + 0,->20, + 0 3.8XlO-l~ ±O.l 5.2X lJ- 1I exp( - 2840/T) 280-360 ±500 CIt 

;,56 02en.)' + M ..... olJJ..) + M See data sheets 
." 
Z 

~ ~.s(, O,('.r ,+) + M-02(,1:.-) + M 2.0XlO-'3 (M= N2) ±O.I m 
~ 

'tl 8.0XIO- 14 (M=O) ±O.3 n ::T 
'< 4.0X1O-" (M=02) ±0.3 n 
!" 4.0X 10-" (M= H,O) ±0:3 ::r::: 
(') m 
:T :~.) 'i O,('l',~) + Or-"'O + 20, 1.5 X 10- 11 ±0.06 ~ ~ 

? -0,:'.1.)+0, CIt 
6.6Xl0- 1; ±0.06 -I 

:D _0,:31: .- ) + 0, :IV 
~ -< ;1:iR O,('l' ,-)" + 02~02(11: .+) + 0, See data .htet. 
C 
I» ~.:;R 0, +h\'-20 See data sheets 
1 ;\(>0 0., +",,-0+ 0, See data sheets 
< 
~ .... HO, R~acti"ns 
.... 

l! + HO,-H, + I), }.4XI0- Il 

Z 
±0.4 

~ -2HO 3.2XI0- 1l +0.4 
~ -H,O -0 <9.4XlO- 13 

... Co) CD 
(I> "'" I\) >0 



~ 2. Summary of Reactions and Preferred Rate Data-Continued ~ 
" 0 
:r 
~ rage kZ98 Temp. dependence of Telllp. J(EIR)I 
(') number Reaction em) molecule· IS I J logk298 k Icm) mo!ecu!c- I S-I range/K K :r • ? 
::D 
~ II + O2 + M-HO, + M 5.9XIO-j~[02] (ko) ±0.2 5.9X 10-if(T 1300) - 1.0 [02] 200-400 J/!= ±O.S 
0 
~ S.?>< 10-32 [Nz] (1100) ±o.z ;:;.9 X 10-',(1' I;}OO) -,,, [N,] 200-400 A/!= ±U.5 

~ 2.5XIO- IO (kw) ±O.S 2.5X1O- 10 200-400 J/!= ±0.5 
< F,. =0.B5 Jr, = ±O.l exp( - T I IBOO) + exp( - 72001 T) 200-300 JP = ±800 
~ 

:~62 H + 0r->HO + 0, 2.!lXIO- II ±0.2 lAX 10- 10 exp( - 480IT) 220-360 ± 100 
363 H + O)-flO' + O2 See data sheets 

Z :.,64 0+ H,--->-HO+ H 3.5XIO- 1R ±0.3 J.6X 10- II exp( - 4570/T) 298-830 ±500 ? 
J'" ;364 O+HO-O,+H 3.3XlO·· JJ ±0.15 2.3XIO- II exp( + llO/T) 220-500 ± 100 

~ 
36S 0+ H02-HO + O2 3.7XIO- II ±0.3 
366 o + H,02-HO + HO, 2.3XlO- 15 ±0.3 I.OX 10- 11 exp( - 2500/1') 2S0-370 1000 

N 367 O('D)+Hz .. flO+H ~ 200-350 ± 100 
.o<'P) I Hz 

1.1 X 10- 10 +O.lS LlX1O- 'O 

368 O('D) + H,O-2110 } 
_H2 +Oz 2.3XlO- 'O ±O.l 2.3XlO- IO 200-350 ± 100 
-->oep) + HzO 

369 110 + Hz-HzO + H 6.7XIO-" ±O.I 7.7X 10- '2 exp( - 21001T) 200-41\0 ±200 
::169 HO + HO-HzO + ° 1.8X1O- 12 ±0.15 ~ 

HO I-- HO + M-Hz02 + M 6.5XIO-31 [Ozl (ko) ±0.3 6.5 X 1O- 31 (T 1300) - f1.7 [0,1 200-400 In= ±I.O fii O.5X 10 ,. [N,! (ko) ±0.3 6.5x 10-JI(T /300) -"./ INz] 200-400 LI/!= ± 1.0 n 
3X1O- 11 (kw) ±0.5 3X 10- 11 200-400 J/!= ±0.5 ::z: 

F,. =0.8 Jf:. = ±O.l exp( - T 11300) + exp( - 52001T) 200-400 LIT' ±500 m ... 
370 110 + "02~"20 T 02 tlXI0-" ±0.3 :II> 
371 HO + H20z-HzO + HOz 1.7xlO· 12 ±O.l 2.9X 10- 1

' exp{ - 160/T) 240-460 ± 100 r 
372 110 + O)-H02 + O2 6.7XIO- 14 ±0.15 1.9XIO- 12 exp{-1000/T) 220-450 ±300 
an HO' + M-products See data sheets 
:,74 HO' + OJ_products See data sheels 
a7:> HO, + HO,( + M)-->H,O, -t-

O,(+M) 2.SXIO- I' ±0.3 4.5 X 10- 14 exp( + 12001T) 27S-400 ±300 
i370 HlJ, + U,-HU + l!U, 2.0XIO- u ±0.2 lAx 10 ·14 exp( - 6001T) 250-~00 :.: ~~~~~ 
377 11 20 + "1'-->HO + H See data sheets 
377 HzOz + hv->2HO See data sheets 

NO, Reactio"s 

378 N + HO-NO+ H 4.9XIO··\1 ±0.15 3.BX 10- 11 exp( + 85/T) 250-500 ± 100 
379 N + NO-N 2 +O 3.1XIO- 1I ±O.lS 3.1XIO- 1I 200-400 ± 100 
380 N + N02-N20 + ° 1.4XIO- 12 ±0.2 

N+02-NO.+0 8.9XI0 17 ±O.l 4.4X lO- IZ exp( - 32201T) 280-333 ± 350 
381 N + O,lIJ l->NO -I- () <lX1O- 16 -<; lX10- 16 200-300 

N + O,-NO +0, <l.OXIO-I~ 

381 o + NO + M->N02 + M 8.6X 10- 32 [0,] (ko) ±0.2 8.6X 1O-3'(T 1300) 1."[0,] 200-300 In = ±0.5 
1.2 X 10- 31 [N,] (ko) ±O.l 1.2 X 10-JI(T 1300) - 1.8 IN,] 200-300 In = ±O.S 
3.0XIO- 1I (k oo ) ±0.2 3.0X 10- 11 (1' 1300) +1l.:I 300-ISOO In= ±O.5 
r,. = 0,85 iJ.F, ±O.I exp( - T 11800) + exp( - 72001T) 200-300 JT- = ±800 

0+ NOz_NO + 0, 9.3XIO- " ±0.06 9.3XIO- 12 230-340 +0 
- l~;n 



2. Summary of Reactions and Preferred Rate Data-Continued 

klQ• Temp. dependence of Temp. 
Reaction em3 molecule-I 5- 1 Lllog k29R k lem3 molecule-I 5- 1 range/K K 

0+ NO, + M·.N03 -I' M 9X 10- 32 [011 (ko) ±0.3 9X 1O-32(T 1300) -2.0 [021 200-400 LlII= ±l.0 
9XIO-"[N21 (ko) ±O.l 9X 1O- 32(T 1300) -2.11 [N,I 200-400 LlII= ±1.0 

2.2XIO- II (kw) ±O.l 2.2XlO-" 200-400 LlII= ±O.S 
P, =O.R liP, = ±Ol pyp( - T Il~OO) -4- pyp( - r:;900/T) 900_400 AT' = ±SOO 

;11:: 
Z o + NO,-02 + N02 lXIO- 11 ±0.5 rn 

o + N20 5-produc\s 3XIO- I" ..; 3XIO- 16 220-300 R 382 0('0) + N2-->0(,P) + N, 2.6XIO- 11 ±O.l 1.8XIO- ll exp( + 107/1') 200-350 ± 100 ". 3113 O(,D) + N20-Nz + O2 4.4XIO- 1l ±0.15 4.4X 10- 11 200-350 100 Z 
-2NO 7.2XlO-" ±O.lS 7.2XIO- 11 200-350 ± 100 a 
-O('P) + NzO <O.lXIO- ll ." 

% :184 NH2 + HO-NH + H2O No recommendation 0 
-NH,+O No recommendation .... 

0 385 NH, + HO,_products 3.4XlO- II ±O.4 n 
386 NH, + NO_products 1.7XIO- ll +0.3 1.7 X 10 lilT 1298) - I." 210-500 ,1n.= +0.5 % 
a87 NH2 + N02-products 1.7 X 10-11 ±0.5 1.7 X 10-1I(T 1298)-"·2 250-500 A,,= ±1.5 i 
;~8i NH, + O,->products < 3X 10- 1• n 
'lRR NH, + OJ->products L2XIO-" 3.4X 10- 12 exp( -lOOO/T) 250-380 ± 500 ". 
.389 NO -'- O,-NO, + 0, 1.8XlO- 14 3.6 XI 0- 1' exp( - 15601 T) 200-400 ± 150 r-

NO + ",O,-2NO, 2X]O-11 ~ .~9() NO, + :"iO, + ~l->N,O, + M .1.7x ]0 3°[0,1 (ko) 3.7X 10-Jo(T 1300) -·u rO,l 220-300 LI,,= 1.0 
". :-l7'L 10-·'o[N,j (I·) g 7 ~ I 0-30(T /[\(0)" '.1 [N.] 990_300 An = 
." 

1.6xlO- 11 (i: x ) 1.6 X 10- 12(T 1300) + "2 220-520 An. = 0 
F, =0,.14 LIFe ±0.0,s exp( - T IZ50) + exp( - 1050/T) 220-520 LIT" ±20 :IICI 

:191 N,O, + M-NO, + NO, + M 1.6X 10- 19 rO,l Iko/s- I ) +0.3 2.2X ]()-3(T lilOO) -·1.4 exp !: 
(-UOBO/T) [02Is·· 1 220-330 ± 500 !: 

l.6X 10- 10 [N,] (ko/s-I) ±0.2 2.2X 1O-3(T 1300) -4.4 exp 0 
III 

(-U080/T) [N,Js- ' 220-300 ± 500 ." 
6.9XlO 

, 
(kM Is-I) ±0.3 9.7XlO '4(T/300)+0.1 exp :z: 

rn 
( -U080/T)s-1 220-300 ±500 ~ 

F,. =0.34 AF, = ±0.05 exp( - T 1250) + exp( - 10501T) 220-300 Ll1"= ±20 n 
n 

NO, 1" 03~N03 1" 0, tl.Z)(IO-'"J :t 0.00 1.2.><.10-" eXp( - 24~0(T) 230-300 :t 1::10 • :19.3 HO NH 3, .. H20 + NH2 1.6XIO- 13 ±0.15 3.3 X 10- 12 exp( - 9001 T) 230-450 ±200 rn 

HO + NO+ M_HONO + M 6.5 X 10-31 [0,1 (ko) ±0.2 6.S X 1O- 31 (T 1300) - 2.4 [021 220-440 LIn = ± 1.0 ~ 
III 6.::; X 10-31 [N,I (ko) ±O.l 6.5X lO- 31 (T 1300) _2.4 [N2] 220-440 A,,= ±0.5 .... 

J.OXlO- 11 (k
M

) ±O.2 LOX 10- 11 220-400 LIn. = ±0.5 ~ 
F" =0.8 AF, = ±O.l exp( - l' /1300) + exp( - 520011') 200-400 AT*= ±500 

il94 110 + N02 + M-I10N02 + M 1.8XlO- 3°[02] (ko) ±0.2 1.8XlO-30(T /300)-2'> [0,1 ZOO-300 An= ± 1.0 
2.6X 10-30 [N2] (ko) ±O.l 2.6X 10-3°(1' 1300)-2.9 [N,I 200-300 LI,,= ±0.5 
3.5XlO- 11 (k~) ±O.2 3.SXlO- 1I 200-300 LIn = ±O.,s 
F, =0.7 LlF, = ±O.l exp( - T 1840) + exp( - 3360/T) 200-300 LIT" = ± 500 

;i<)0 HU + HUNU2-H,u + N03 1.3XlO- u ±0.2 1.5 X 10- 1
' exp( + 6501T) 2Z0-360 ±300 

396 HO + H02N02-+produr.ts 4.0XIO 12 ±0.3 4.0XlO- 12 246-324 ±400 
397 H02 + NO-HO + NO, 8.3X1O-12 ±O.l 3.7X 10- 12 exp( + 240/T) 230-500 ± 100 

<.,) 

~ 



!'- 2. Summary of Reactions and Preferred Rate Data-Continued ~ "0 
;r 
'< Page k'9K Temp. dependence of Temp. J,(EIR)I !'I 
(') number Reaction cm3 molecule- l s-' J, logk29R k lem3 molecule- I 5- 1 range/K K 
if 
13 

1.5XlO-" [0,1 1.5 X 1O-' 31(T 1300) - 5,0 [0,1 ::0 :J9il 110, + NO, + M-.HO,NO, + M (ko) ±0.3 200-300 J,n= ±2.0 

~ 2.1 X 10-31 [N,l (ko) ±0.3 2.1 X 1O- 31(T 1300) - 5,0 [N,l 200-300 J,n= +2.0 

~ 
!jX1O- 1? ("~ ) ±O.4 5XI0-" 200-300 J,n"" ±0.5 

IS F" =0.4 J,F, ±O.l exp( - T 1320) + exp( - 1280/1') 200-300 J,T' ± 50 

~ 
399 HO,NO, + M-->HO, + NO, + M 9.3X 10- 2

' [0,1 (ko/s-I) ±0.3 3.6X 10-6 exp( - 100001T) [0,1 s I 260-300 ± 500 
l.3X 10-20 [N,l (ko/s·- I) ±0.3 5X 10 6 exp( -lOOOOIT)[N,l 5-

1 260-300 ± 500 
0.23 (k"" Is-I) ±0.6 3.4.XlO '4 cxp( -10420IT) 5- 1 250-300 ± 500 

z Jf~ = ±0.1 exp( - T 1320) + exp( - 1280/T) 200-300 J,T· ±50 
? 400 NO + flv_products 
l'J 400 NO, + hv_products See data sheets 
(j) 401 NO) + hv ...... products Sec data sheets 
Q) 
N 40;J N,O + hv--.products See data sheets 

4·04- N20~ + nv_prodUCtS !:iee data sheets 
404 HONO + hv_products See data sheets 
405 HONO, + hv'products See data sheets 
406 II0, NO, + hv-->products See data sheets 

Organic React~?~ IlI:I ,.. 
407 ° + CH,-->H + Hr.HO 1.3><10-'0 L3XIU 

,0 200-300 ±200 C 
408 O('D) + CII._HO + CH j 1.4Xl0- IO l.4XlO- IO 200-300 ± 100 n 

--.HCIIO + H, 1.5XlO- 'I 1.5 X 10-11 200-300 ± 100 ::c 
409 HO + CH4-.H,O + CH3 8.0XIO- 15 ±O.I ?Ll.XlO·-I'oxp( 1710IT) 200-300 ±:z00 !!1 
4llJ HO + C2H,( + M)-products 7.3XlO-" (1 atm) ± 0.2 6.5 X 10- 12 exp( - 650/T) (latm) 220-410 ±200 » 
4·11 HO + C,H.( + M) ..... C,H.OH( + M) 8.0X10- I' (latm) ±0.2 2.2 X 10- 12 exp( + 400/T) (1 atm) 250-500 ±200 !"" 
413 HO + C,H 6-H,O + C,II, 2.9XIO- 13 ±0.1 1.9XIO- ll exp( -1230IT) 290-500 ± 150 

HO + CO-.-II + CO2 1.5XlO- 13 «100 Torr) ±0.05 1.5 X 10- 13 200-300 
HO + CO-.products 2.8Xl0- 13 (latm air) ±0.10 

414 HO + HCHO-H20 + HCO } 
1.1Xl0- 11 

-H,O + H +CO ±0.10 1.1xlO- 11 200 125 1- 160 

415 HO + CII JOH-+H20 + CH,OH 

\ 1.0xlO- 12 ±0.10 
-H,O+CH3O 

416 HO + CH,CHO-+H,O + CH3CO 1.6XIO- 11 ±0.1 6.9X 10- 12 exp( + 2601T) 298-450 ±300 
417 HO + CH,C03NO,->products .;; 2XI0- 13 

417 HO, + CH,O,-O, + CH300H 6.5Xl0- I' (latm) ±0.7 7.7X 10- 14 exp( + 13001T) 275-338 ± 700 
418 CH) + O,--.HCHO + HO < 5XIO- 17 

CH., + 0, + M-.CHJO, + M 2.6X10-JI [021 (ko) ±0.3 2.6X 1O-31 (T 1300) -3,0 [0,1 260-340 An= ±1.0 
2.6X 10- 31 [N,J (ko) ± 0.3 2.6X 10- 31 (T 1300) ·3.0 [N,l 260-300 J,,= 1.0 

2XIO- 12 (k oo ) ±0.3 2XlO- 12 200-400 In= 
F. ",0.45 ±O.1 oxp( T 1360) .j- CAI'( - 14-l.0IT) 200-400 AT· = ± lOU 

419 HCO + O,-+CO + HO, 5.1Xl0- 12 ±O.l 
419 IICO + 0, + M-HC03 + M <5.1XIO- 12 (latm) 
419 CII30 + NO( + M)-+CH30NO( + M) 2XIO- 1I ±0.5 2XlO- 1l 200-400 
4.20 CII.,O + O,->HCHO-+HO, 1.5XlO- 15 ±l.0 1.3 X 1O- 13 exp( - 1350/ T) 298-450 +t1OO 

-500 

421 CII,OH + O,-+HCHO + 11O, 2XIO- 12 ±0.5 
421 Clll}, + NO-+CH30 + NO, 7.4X10- 12 ±O.l 7.4XIO- 12 200-300 
422 CH,O, + NO, + M-CH30,NO, +- M 2.3X 10-30 [O,J (ko) ±0.2 2.3 X 1O-30(T 1300) - 4,0 [0,1 200-300 ±2.0 

2.3X 10-30 [N,l (kol ±0.1 2.3X 1O-30(T 1300)- 4.0 [N,l 200-300 In= ±2.0 
8X10- 12 (k",) ±0.2 8X1O ·12 200-400 In= ±0.5 

F =0.4 _ .. _, .,. j'lnn\ • 



2. Summary of Reactions and Preferred Rate nata-Continued 

Page k298 Temp. dependence of Temp. A(EIR)I 

number Reaction cm' molecule - I S - I A logk298 k Icm3 molecule-I 5-1 range/K K 

423 CH30 2NOl + M->CH30l + N02 
+M No recommendation 

424 CH,02 + O,->CH30 + 202 < 2XIO- 17 

42S CH30, + CH30 2-+CH,OH + HCHO 
~ 

+02 2.2Xlo- 13 ±O.l Z 
-.2CH,O+0, l.SXlO-" ±0.15 "' -.CH300CH, + O2 ..; 3XlO- 14 ±0.3 ~ 426 C2Hs + 02( + M)-+C2H~02 ,.. 

(+M) 6.9XIO- 12 (k~) ±O.S Z 
427 C2H50 + Oz->CH3CHO + H02 No recommendation C 
427 C, H50 2 + NO-C2IisO + N02 7.4XlO- 12 ±O.S 'V 

::t: 
428 C2Hs0 2 + NOl( + M) ...... C2H,02N02 0 

(+M) 5.0XlO- 12 (I atm) ±0.7 -t 
0 428 C2Hs0 2N02 + M->C211s02 + NO, n 

+M No recommendation ::t: 
429 CI1,CO, 1- NO-+CH3 T CO2 T N02 1.4XIU" ±0.7 i 
429 CH,CO, + N02 + M-CH3CO,NOl + M 6XIO- 1, (1 aIm) ±O.S 

~ 430 CH,CO,N02 + M ...... CH,CO, + N02 4.2XlO-4s- 1 (latm) ±O.l 1.12 X lO '6exp( - 13330/1') (1 atm) 29S-330 1000 
+M 

I"" 

C 4Rl HCIIO + 1!V_products Scc data .heets ,.. 
433 CH,OOH + hv-products See data sheets -t ,.. 
434 CH,OON02 + hv-+prodllcts See data sheets "TI 
46b CH3CHO + hv + products See data sheets 0 
437 CH,CO,NO, + hv-+products See data sheets :III ,.. ... 

SO,,. ReAction" ~ 
4,38 ° + H2S ...... HO + HS 2,2XlO- 14 ± 0.3 1.4 X 10- 11 exp( - 1920/1') 290-S00 0 

"" 0+ CS-.CO + S 2.1X1O- 11 ±O.I 2.7X 10- 10 exp( - 7601T) lS0-300 'V 
::t: 

!'- 4.19 0+ CH3SCH,-CH3SOCH3-+products 4.8XlO- 11 ±O.IS 1.3 X 10- 11 exp( + 3901T) 270-S00 ± 100 m 
440 o + CS,-SO + CS 3.0XlO- 12 ±0.2 l.aX 10- 11 exp( - 530/1') 200-S00 ± 100 !! 

" n ::r ....... CO+5, S.SXlO- I
' ±0.2 

~ n _or"+,, g.3X10- 13 J.- 0.25 LOX 10- 12 GAp( - 5:l0IT) 200-500 :t 100 • 0 441 0+ CH 3S5CH3->products 2.lXIO- 1O ±0.3 2.1XIO- 1O 270-330 "' ::r ~ 
" o + OC5-+50 + CO 1.4XIO- 14 ±0.2 2.6X 10- 11 exp( - 22S01T) 220-600 t~l.~50 ? iii o + 502 + M-.503 + M 1.4X 10-33 [021 (kol ±0.3 4.0X 10-32 exp( - 10001T) [0 21 200-400 -t 

~ 
:III 

1.4 X IO- B [N 21 (ko) ±0.3 4,OX 10 32 cxp( - 1000/T) [N21 200-400 ~ ~~~~ -< 
0 441 S+0,-50+0 2.3XIO- 11 ±0.2 2.3XlO- 12 230-400 ±200 

; S + Or"'SO + O2 l.2XlO- II ±0.3 

< 442 HO + H,S--.H,O + H5 5,3XlO- 12 ±O.l 1.1 X 10- 11 exp( - 22S/T) 250-400 ± 22S 

~ 442 HO + CH1SCII,-products 9.IXlO- '2 ±O.l 5.5 X 10- 12 exp( + 150/T) 200-S00 ±200 
443 HO + CS,_products <;l.5X1O- IS 

444 HO .j.. CH,"SCHo-+prn~IIN' ? ?XI0- 1O ±O.3 
Z 444 HG + OCS-products <:; 9XIO-" P 
~ 
;;; 
CD 
I\) 



2. Summary of Reactions and Preferred Rate Data-Continued W 

.: ~ 

~ Page k29R Temp. dependence of Temp. J(EIR)I 

!:l number Reaction em3 molecule - 1 s-I J log k298 k Icm) molecule ··1 s-' range/K K 

i 
~ 
:D 44S HO + S02 + M ...... HOSO, + M 3.0XlO-31 [021 (ko) ±O.!l 3.0X 10-31(1' 1300) - 2.9 [0

2
1 200-400 In= ± 1 

~ 3.0XlO-31 [N2] (ko) ±0.3 3.0X 10-31 (1' 1300)-2.9 [N2] 200-400 In= 1 
C 2.5XIO- 12 (k oo ) ±0.3 2.SXlO- 12 200-400 LIn = 
.; F.. =0.S5 JF,= ±O.lS exp( - 1'1500\ + expl - 2000/T) 200-400 AT" = ± ?OO 

< 446 H02 + S02 ...... products ..; lXlO- l • 

~ 447 CH,O. + S02,··CH30 + S03~ ..; 5XIO- J7 

..... CH30 2SO. 

Z HS + O2-110 + SO No recommendation 
~ (sec data sheets) 

.1\) CS + 02 ...... CO + SO .oes + 0 No recommendation 

<D (see data sheets) 
II) 
J\) 

SO + O2 ...... 502 + 0 9Xl0- 1, ±O.S 6X 10- 13 exp( - 33001T) 300-1000 ± SOO 
447 SO + 0) ...... S02 + O2 7.9Xl0- 14 ±0.2 3.2XIO- 12 exp( -HOO/n 220-300 +400 
4411 :;U + NU, ..... :;U2 + NU 1.4xl0-" ±0.2 

S03 + H20 ·· .. products No recommendation 
(see data sheets) 

448 eS2 + hv-->products See data sheets IJIII 
449 CH3SSeH3 + hv ..... products See data sheets 

,. 
C 

450 OCS + hv ..... products See data sheets r-
n 
=-= FO, Reactions m ... 

0+ fO-0 2 + f 5XlO- 11 ,. 
o + fO, ..... O, + FO 5~(]0-1I r 
O("D) + HF-HO + F ~ lXI0- IO ±0.5 

_O('P) + Hf 
4,51 1"+ H,_Hf+ H 2.8xlO- 11 ±O.l 1.9X 10- 10 exp( - 5701T) 190-770 ± 150 
4;;2 F + O2 + M·-.F02 + M 1.6X 10-32 [021 (ko) ±0.3 1.6x 10-3V 1300)-2.5 (0 21 223-360 LIn = ±1.0 

1.6XIO "IN,! (ko) ±0.3 1.6XlO-J2(TI300) ,u[N,l 223-360 In= ±1.0 
3XlO- 11 (k M ) ±O.S 3XlO- 1J 200-400 In= ±0.5 

F,. - 0.0:; .d1'",. = ±O.l exp( - 1 f t/lUU) + ex pI - 7~UUI1') 200-300 LIT' = ±800 
F + OJ'->fO + 02 1.3XIO- 1i ±0.3 2.8X 10- 11 exp( - 2261T) 250-365 ±200 
F + H20-+HF + HO l.lXI0" ±O.S 2.2 X 10- 11 exp( - 20011') 240-360 ±200 
F + CH.-IIF + CH3 8XlO- 11 ±0.2 3.0X 10- 10 exp( - 4001T) 250-450 ± 150 
FO + O)_F + 202 l No recommendation 

...... F02 +02 

453 FO + NO-F + N02 2.6X10- 11 ±0.3 
1"0 + N02 + M ..... FON02 + M 1.6 X 10-31 [021 (ko) ± 0.7 1.6X 10- 3 '(1' 1300) - 3.4 (021 200-400 In= ±1.0 

1.6 X 10-31 [N.! (ko) ±0.7 1.6XI0·31(T 1300)-:1.4 [N21 200-400 LIn = ±1.0 
2XlO- 11 (k

M
) ±O.S 2XlO- 11 200-400 J,,= ±0.5 

F,. =0.3 .d1'", = ±U.l exp( - 1143U) + exp( - 17201T) 200-400 LIT' = ± 100 

FO + FO ....... 2f + O2 ~ 
-.FO, + F 1.5X 10- 11 ±0.3 
-F2 +02 



2. Summary of Reactions and Preferred Rate Data-Continued 

Reaction .-' Lilogk298 

453 HF + hv-prouucts See data sheets 
453 COF, + hv->products See data sheets 
4051- FONO, + hv .products Se. data sh •• ts 

CIO, Reacti~ :III:; 

Z 
o + HCI->HO + CI l.'~.><.10 

,. 
±O.3 1.1'><'10 00 exp\ - 3370fT) 2.93-716 ± 5;)0 !!I 

454 o + HOCI ....... HO + CIO 6XlO- 15 ± 1.0 lX10":' 11 exp( - 2200fT) 200-300 ± 1000 n ° + CIO--02 + CI 5.0X1O- 11 ±0.1 7.5XlO II exp( -120fT) 220-425 ± 120 ". 
o + CIONO, ....... CIO + NO) f z 

-OCIO + NO, 1.9XIO- 13 ±O.l 3.0XlO- 12 exp( - 808fT) 213-295 ±200 a 
." -.0, + CIONO :c 

455 O('D)+CF,a,-QO+CF,a } 0 
....... Oep) + CF,CI, 1.4XIO- IO 

... 
±O.I 0 

-.COF, +CI, n 
__ COFCI + FCI :c 

m 
4.5.6 O,'D) + OFa,~aO + e,a, t J: 

--->Oep) + CFCI) 2,3XlO- IU ±O.l n 
,....COFCI + CI, ". 
--->COCI, + FCI 

.... 
a 

457 0(' D) + CCI.--.;.CIO + CCl3 ~ !: -Oep)-tCCI4 3.3XlO- IO ±O,l ". 
-COCI,+CI2 "II 

CI + 1I2~IlCI + II 1.13;.-;10- 14 4,7;'-; 10- 00 exp( - 23401T) 210-1070 ± 200 0 
458 CI + HO,- .HCI + 0, 4,SX 10- 11 4,8XlO- 1I 274-338 ±200 :10 

". 
CI + H,O,-HCI + HO, 4.3XlO- 13 ±0,2 1.1 X 10- 11 exp( - 980fT) 265-424 ± 500 ... 
r1 ,I. (),-->r1() -+ (). l.?X).O-11 ± 0.06 2.7x 10- 11 ""p( - ?S7/T) ?O<;_?Of! ± 100 ~ 

4:;9 CI + CH4--HCI + CH, 1.0XlO- 1l ±O,) 9,6XIO- I
' exp( -1350fT) 200-300 ±250 0 

tit 
CI + C,1I6-IICI + C,II; 5.7Xl0- 11 ± 0.06 7.7X 10- 11 exp( - 90fT) 220-350 ± 100 ." 

4!iO CI + HCHO-HCI + HCO 7.3XIO- 1I ± 0.06 7.9XIO-- 11 exp( - 34fT) 200-500 ± 100 :c 
m f- CI + HONO,-HCI + N03 ..; 7XIO- 15 +u.:{ ~ 

" 
-2,5 n :r CI + CH 3CI-HCI + CH,CI 4.9XIO- 13 3.4XlO- 11 exp( -1260fT) 233-350 ±200 '< n (II CI + ClONO, >CI, + N03 f 2.2XIO- 13 1.7 X 10- 12 exp( - 610fT) 224-273 ±400 :c 

0 --CIONO -j-CIO i :r 
QI HO + HCI-H 20 + CI 6.6XlO- 13 ±0,06 3,OX 10- 1

' exp( - 425fT) 210-460 ± 100 
~ "(>I HO + HOCI_H,O + CIO 1.8XIO- I

' ± 1.0 3XlO- 1'exp(-lo5OIT) 200-300 +H50 5 
:0 

-I;;U 
:10 

QI -k)1 HO + CIO->HO, + Cl ~ -< :'" 9,1 XIO- 12 ±O,i\ 

j 
,HCI + 0, 

-;.HOCIO 
HO CIO\O,->HOCI + NO, f < 3.9XI0- 13 ± 0.2 J.2X 10- 12 exp( - 330fT) 246-387 ±200 

~ 
.HOo I- CIONO 

... ->H:\O, + CIO 
',()2 HO CH,CI 4.2Xl0- 14 1.9X 10- 12 exp( -1l20fT) 247-350 ±200 

:z ~6;J 110 ' ·t CllrCI 4.4X 10-'· 2,C.X 10- 12 r.: ... p( - 12101T) 24[;-3[;0 .L 100 
P 
,!') 

cD ~ CII 
I» IJI 



"- 2. Summary of Heactions and Preferred Rate Dala-Continued Co) 
Co) 
0" 

~ Page k29" 
Temp. depemlence of Temp. iJ.(EIR)1 

Q number Rea'~tion em' molecule -I s - I cllogkm k lem3 molecule· 1 
5-

1 rangc/K K 
~ ---~-----~-~-- ----~-~-.--- -------.. -~. 
~ 
lJ 

464 HO + CHF2CI-Jl 20 + CF2C1 4.7XIO- 15 1.1 X 10-lt exp( -1620/T) ~ ±O.l 2;;0-360 ± 100 

" 
4{):' III) + UHU2-HzU + U'C!2 ;'1.0 X 10 ±O.I 1.) X 10- 1$ exp( - 107UII) l4,0-;;:'O IUU 

... 466 no + C2HCI,.---produr.!R 2.2XIO- '2 ±O.l 5.0 X 1O-'~ exp( + 4451 T) 234-4·20 ; 4.66 HO + C2Cl4-products 1.7 X 10- 13 ±O.l 9.4XIO 12 exp{ - 12001T) 297-420 ±200 
< HO f. CI-I.,I:'CI.,~H,O..J- CI-I,CCI., 1..~h<10-14 ± 0.15 >.1 Y 10- 12 .~p( - 11l00/T) 250_dr,() ±.?O() f:. 467 CIO + H02-,HOCI + O2 ~ 

-HCI +0, 5.0XlO- 12 ±0.15 4·.6x 10- 13 cxp( + 71017') 235-298 + ~;;~: 
% CIO + H02 + (M)-HOOCIO + (M) p 
!" 1li8 CIO + H2CO->products <10-" 

~ 
46<) 00 + NO_C1 + N02 1.7XlU- 11 ±0.1 6.2X 10- 12 exp{ + 294/7') 202-41S ± 100 
470 CIO -I- N02 + M-CION02 + M 1.6X 10- 31 [021 (k,,) 1: 0.2 1.6X 10-"(T 1300) -a" [021 250-420 Lln~ ± 1.0 

N 
1.6XlO-31 IN21 (ko) ±O.l 1.6X 10-31{T 1300)-""'IN21 250-420 .1n= ±1.0 

2XlO- 11 (k~) ±U":; 2XlO- 11 200-400 .1n= ±O.S 

F. =0.;; .1F,= ±O.l exp( - 1'/430) + exp{ - 1720/T) 200-400 .17'* = ± 100 
471 HOCI + hv--->products See data sheets 
4·72 COFCI + hv--->products See data sheets 
472 CION02 + Itv ..... products See data sheets l1li 
4·73 COCI, + !,.v-products See clata sheets » 
474 (;1',CI, + ltv -~prodIlCt8 See data sheets c: 

r-
476 CFCI) + hv--->products See data sheets n 

:I: 478 CCl4 + hv--produds See dala sheets m 
-t 

BrO,. ({eactions » 
-_. r 

0+ HBr--HO + Br 3.'lXIO 14 ~().2 7.0X 10- 12 exp( - 1560/1') 250-400 ±3()0 
o + BrO ..... O, + I1r 3Xl0- 11 ±0.5 

480 flr + HO,-lIBr + 0, No recommendation 
(see data sheets) 

48( Br + H,O,-.HBr + HO, <,; 2XlO- 15 

481 Br + Il,CO-HBr + HCO l.lXlO- 12 ±0.2 1.4XIO- 1I exp( -750/T) 223-480 
Br + O,->BrO + O2 1.1 X 10- 12 ±O.l 1.4X 10- 11 exp{ -760/1') 220-360 
HO + HBr-H20 + Br 8.5XIO- 1

' ±0.3 8.5XlO- 11 249-416 
110 T CH,Br->I1,O i" CH2F1r 3.6x10 

.. :t 0.1 7.0X 10 "exp( - 890fT) 244-350 

nrO + HO,->HOBr + Olf 5XlO- I' ± 0.5 
--->HBr+03 

[lrO ..j.. NO_flr -I- NO, 2.1'>(}0-1I ±O.l 8.7'><' 10- 1
' exp( + 260/T) 224-425 ± 100 

482 BrO + NO, + ~--->BrON02 + M 5.0XlO- ll [0,1 (ko) ±O.3 5.0 X lO-J'{T 1300) - 3,0 [N,l 200-400 ..::1n= ±1 
5.0XlO- 31 [N21 (ko) ±0.3 5.0X lO-JI(T 1300) -.1.0 [N,l 200-400 ..::1n= ±l 

2XIO- 1' (k." ) ±0.3 2XlO- 1i 200-'~00 ..::1n.= ±O.S 
F,. =OA clF, = ±O.l exp( -. T 1320) + exp( - 12801T) 200-400 .11'" = ±SO 

BrO + OJ--->Br + 202 < 5XlO- 15 +~.5 

BrO + CIO-Br + OCIO 6.7XIO- '2 ±0.3 
--->Br+Cl+ 02~ 
-BrCI + 0, 

6.7XIO- 12 ±0.3 



~ 

" ::r 
'< 
II> 
("j 
::r 
(1) 

~ 
:xl 
!it 
C 
III 

!l' 
< 
!2-

Z 
P 
..!" 
cD 
CI) .... 

Page 
numher 

483 
483 
4·84. 

484· 
485 
1195 

'~fl6 
486 

487 

4130 

48fl 
489 

48<) 

489 
490 
490 
491 
491 
492 
492 

Heaction 

BrO + BrO-2Br + O2 
-..Br,+O, 

BrO + hv-"products 
HOBr + hv-"rroollcts 
BrONO, + Itv-+products 

10\ Rp.R.(~tion~ 

0+ 10 ...... 0 2 + 1 
HO HI-..H,O + 1 
"1 HO~ .HI 1O, 

1 +Or+IO+02 
1 :-lO + M ..... INO + M 

1 + NO, + M-l'i02 + M 

10 H02-..products 
10 + NO-..I + NO, 
10 + NO, + M-ION02 + M 

'In..).. 10-+21-1- 0, ~ 
-1,+0, 

1"0 I 11'0 ...... 1, + 21110 
1'10,-1, + 2'102 

HOI + hv-protiuClS 
1:'\0 +h,'--.prorlucts 
1\0, + h"-productE 
10,0, + hv-product" 

*Oata sheet for this reaction appears in 

2. Summary of Reactions and Preferred Rate Data-Continued 

k29R 
em) moleeule- I 5- 1 

2.3XlO- I' ±O.I 

See data sheets 
See data sheets 
See data sheets 

5XlO- 1I 

1.3 X 10-11 
Nt! 1 euulll II Icw.ht.tiu II 

1.0XIO- I? ± 1.0 
1.8XlO- 11 [0,] (ko) ± 0.2 
J.3XlO-"[N,l (ko) ±O.I 
1.7XIO- li 

(k~ ) ±0.3 
r .. = 0.75 Af.;. ±0.I5 
2.9XIO- 31 [O,l (ko) ±0.3 
2.9X 10 ·31 [N,] (ko) ±0.3 
6.6XIO- 1I (k~ ) ±0.3 
F,. = 0.63 AI';. = ±O.l 
No recommendation 
1.7XlO -II 

5.0XlO- 31 [0,1 (ko) 
5.0X 10-31 [N21 (ko) 

2XlO- 1I (k., ) 

F,. = 0.4 AF; = ±O.l 
'lIlXlll- 12 ±l.O 

l.3X 10- 14 ±0.4 
4.7X 10-1~ ±0.5 
See data sheets 
See data sheets 
See data sheets 
Sec data sheets 
See data sheets 

Phys. Chern. Ref. Data 9.29:; (l9RO) 

Temp. dependence of 
k lem3 molecule-I 5- 1 

2.3XlO- I' 

1.8x 10.- 3'(1' /300)-1.0 [0,/ 
1.8X 10-3'(1' /300) - 1.0 [N21 
1.7><10- 11 

exp( - 1'/1040) + exp( - 416011') 
2.9X 10- 31 (1' 1300)- 1.0 [0,1 
2.9X 10-31 (T /300)-1.0 [N21 
6.6XlO- 1I 

exp( - T /650) + exp( - 26001T) 

5.0X 10-31 (1' 1300)-3.0 [02] 

5.0X 10-31 (1' /300) -3.0 [N21 
2XIO- 1I 

exp( - 1'/320) + exp( - 12801T) 

8.4X 10-11 exp( - 26201T) 
2.9X 10- 11 exp( - 2600/T) 

Temp. 
range/K 

220-440 

200-400 
200-400 
200-400 
200-400 
298-450 
298-450 
300-400 
200-400 

200-400 
200-400 
200-400 
200-400 

298-450 
298-400 

K 

± 500 

An = ±0.5 
An = ±0.5 
An = ±0.5 
AT" = ±500 

+0.5 
±0.5 

An = ±0.5 
AT" ±200 

An= ±l 
An= ±l 
An= ±0.5 
A 1'" = ±100 

±600 
± 1000 

~ 
Z m 
::! n 
)-
Z 
CI 
"1:1 
::z: 
0 
-I 
0 n 
iii 
~ 
n 
)-,... 
CI 

~ 
)-
." 
0 
" )-..... 
~ 
0 en 
"1:1 :z: m 
i! n 
2 m 
~ 
iii 
-I 

~ 

~ 
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3. Guide to the Data Sheets 
The data sheets are of two types, (i) those for the thermal 

reactions and (ii) those for the photochemical reactions. 

3.1 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, cal­
culated from the enthalpies, offormation summarized in appen­
dix I. 

The available kinetic data on the reactions are summarized 
under three headings, (i) Absolute Rate Coefficients, (ii) Rela­
tive Rate Coefficients and (iii) Reviews and Evaluations. Under 
headings (i) and (ii) we list here only data which have been 
published since the previous CODATA evaluation [1] and under 
heading (iii) are listed the preferred rate data from the most 
recent NASA evaluations [2,3], from our own CODATA evalua­
tion [1] and from any new review or evaluation sources. under 
all three of the headings above the data are presented as abso­
lute rate coefficients. If the temperature coefficient has been 
measured the results are given in a temperature-dependent form 
over a stated range of temperatures. For bimolecular reactions 
the temperature dependence is usually expressed in the normal 
Arrheniusform,k = A exp( - C IT) where C = E / R. For a few 
bimolecular reactions we have listed temperature dependences 
in the alternative form, k = A 'T - n, where the original authors 
have found this to give a better fit to their data. For pressure­
dependent combintion and dissociation reactions the non-Arr­
henius temperature dependence is used. This is discussed more 
fully in subsequent section of the introduction. 

Single temperature data are presented as such and wherev­
er possible the rate coefficient at 298 K is quoted directly as 
measured by the original authors. This means that the listed rate 
coefficient at 298 K may differ slightly from that calculated 
from the Arrhenius parameters determined by the same auth­
ors. Rate coefficients at 298 K marked with an asterisk indicate 
that the value was calculated by extrapolation of a measured 
temperature range which did not include 298 K. 

The tables of data are supplemented by a series of com­
ments summarizing the experimental details. For measurements 
of relative rate coefficients, the comments contain the actual 
measured ratio of rate coefficients together with the rate coeffi­
cient of the reference reaction used to calculate the absolute rate 
coefficient listed in the data table. The absolute value of the rate 
coefficient given in the table may be different from that reported 
by the original author owing to a different choice of rate coeffi­
cient of the reference reaction. Whenever possible the reference 
rate data is that preferred in the present evaluatiun. 

The preferred rate coefficients are presented, (i) at a tem­
perature of 298 K and (ii) in temperature-dependent form over a 
stated range of temperatures. 

This is followed by a statement of the error limits in log k at 
298 K and the error limits either in (E / R ) or in n, for the mean 
temperature in the range. Some comments on the assignment of 
errors are given later in this introduction. 

The "Comments" on the preferred values describe how the 
~election was made and given any other relevant information. 
TIlf' ,'x,,"nt or the comments depends upon the present state of 
""I kll"wl,·dg'· of ,)". I'nrlintlar reaction in question. 
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The data sheets are concluded with a list of the relevant 
references. 

3.2. Conventions Concerning Rate Coefficients 

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

A+A~B+C 

- (!)d [AJ/dt = d[8]/dt = d [C]/dt = k [Af. 

Note that the stoichiometric coefficient for A, i.e., 2, appears in 
the denominator before the rate of change of [A1 (which is equal 
to 2k [Af) and as a power on the right hand side. 

3.3. Treatment of Combination and Dissociation Reactions 

The rates of combination and the reverse dissociation reac-
tions 

A+B+M~AB+M, 

depend on the temperature T, the nature and the concentration 
of the third body, [M). The rate coefficients of these reactions 
have to be expressed in a form which is more complicated than 
those for simple bimolecular reactions. The combination reac­
tions are described by a pseudo second-order rate law 

d [AB] = k [AJ [B] 
dt 

in which the second-order rate constant depends on [M]. Tht: luw 

pressure third-order limit is characterized by ko, 

ko = limk ([MJ) 
{M)--o 

which is proportional to [M]. The high-pressure second-order 
limit is characterized by k"" , 

k", = limk ([M)) 
[M)~", 

which is independent of [M]. For a combination reaction in the 
low pressure range, the summary table gives a second-order rate 
constant expressed as the product of a third-order rate constant 
and the third body concentration. The transition between the 
third-order and the second-order range is represented by a re­
duced fall-off expression of k Ik", as a function of kolk", 

= [M]/[M]c where the "center of the fall-off curve" [Mlc indi-
cates the third body concentration for which the extrapolated ko 
would be equal to k", . This is illustrated in figure 1. The depen­
dence of k on [M] in general is complicated and has to be ana­
lyzed by unimolecular rate theory . For moderately complex mol­
ecules at not too high temperatures, however, a simple 
approximate relationship holds: 

k=---F=ko k,)", ( 1 ) F 
ko + k", 1 + [M] / [ M L 

-k F ( 
[M)/[ML ) 

- '" l+[MJ/[M]c 

where the first factors at the r.h.~. represent the Lindemann­
Hinshelwood expression, and the additional broadening factor F 
is approximately given by 

logF, 
10gF~ 2 

1 + [log ([ M J / [ M ],) ] 
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k/ka, 

0.1 

0.01 L..-_-..L ____ -..L _____ .....J..._--J 

0.1 1 10 
[M] / [M]c 

FIGURE 1. Reduced fall-off curve of k / k~ as a function of [MI/[Ml. .. 

In this way the three quantities ko, k"" , and Fe with 

[ k"" 
ML = ko/lM] 

characterize the fall-off curve for the present application. Alter­
natively the three quantities k"", [Mlc and F<. (or ko, (Mt and 
Fe) can be used_ The temperature dependence of Fe' which is 
sometimes significant, can be estimated by the procedure of 
Troe [4]. The results can usually be represented approximately 
by an experimental equation Fe = exp( - T IT*) + 
exp( - T** IT). If Fe values are available for one temperature 
only, we have derived data at other temperatures from the 
expression Fe ::::::exp( - TIT *) + exp( - 4T * I T), where T * is 
chosen to reproduce the one available value of Fe _ This approach 
was developed for the N02 + NOr+N20 s reaction (see this 
evaluation). In the absence of better data the above treatment 
serves as a first approximation. 

The dependence of ko and k", on the temperature Tis 
represented in aT-exponent n 

ka::T-n 

(except for the cases with an established energy barrier in the 
potential)_ We have used this form of temperature dependence 
because it gives a better fit to the data over a wider range of 
temperature than duelS tht: Arrl1t:lliu~ t:xpn::~"iull_ The lItpell­

dence of ko on the nature of the third body M generally is repre­
sented by the relative efficiencies of Ml and M2 

ko(M.)/[Md : ko(M2)/[M21-

The few thermal dissociation reactions of interest in the presenl 
application are treated analogously to the combination reaction ... 
with p"eudo fir"t-order rRte eom,t"nt~ k ([M])_ Thf' ratf' r.onstanb 
expressed in units of second -I are denoted in the tables by tl", 
symbols (ko/s-I) and (k", IS-I)_ 

3.4. Photochemical Readions 

The data sheets begin with a list of feasible primary pholo­
chemical transitions for wavelengths usually down to 170 filii. 

along with the corresponding enthalpy changes at 0 K calcu latd 
from the data in appendix 1. Calculated threshold wavelengths 

corresponding to these enthalpy changes are also listed_ 
This is followed by tables summarizing the available ex­

perimental data Ull (i) absorption cross sections and (ii) quantum 
yields. These data are supplemented by a series of comments. 

The next table lists the preferred absorption cross section 
data and the preferred quantum yields at wavelength intervals 
of 5 nm where possible_ The preferred data are often amplified 
by diagrams of absorption cross sections versus wavelength and, 
where appropriate, by diagrams of quantum yield versus wave­
length_ 

The comments again describe how the preferred data were 
selected and include any other relevant points_ The photochemi­
cal data sheets are also concluded with a list of references. 

For photochemical reactions where no new data have been 
published since 1978, we have listed summaries of preferred 
cross sections and quantum yields from our previous evaluation 
[l}. 

3.5. Convention Concerning Absorption Cross Sedions 

These are presented in the data sheets as "absorption cross 
sections per molecule, base e." They are defined according to 
the equations 

f 110 - "'''-p( - o-(N]l) 

a = (I 1([N]l)ln(/o/1) 

where 10 and I are the incident and transmitted light intensities, 
a is the absorption cross section per molecule (expressed in this 
paper in units of cm2

), [N] is the number concentration of ab­
sorber (expressed in cm -3), and I in the path length {expressed 
in em}. Other definitions and units are frequently quoted. The 
closely relah,d quantities "absorption coefficient" and "extinc­
tion coeffici"'Ilt" are often used, but care must be taken to avoid 
confusion in their definition; it is always necessary to know the 
units of wIIc"nlration and of path length and the type uf luga­
rithm (bas,~ " /)r base 10) corresponding to the definition. To 
convert an a],sorption cross section to the equivalent Naperian 
(base e) a ",",orpl ion coefficient of a gas at a pressure of 1 standard 
atmospl,,'re and lemperature of 273 K (expressed in cm -I), 
multiply the value uf a in cm2 by 2.69 X 1019

• For other conver­
sion fa<"lllrs see appendix II. 

3.6. Assignment of Errors 

I Jfldt~r tlw heading "reliability," estimates have been made 
"f II,,; .d,,.,,,1 uk dccuracie~ of the preferred valucs of I. at 298 K 
a!)d of 1 fit, preferred values of E I R over the quoted temperature 
rang". The accuracy of the preferred rate coefficient at 298 K is 
'I'loted as the term A logk, where A log k =DandDis defined 
by the equation, loglok = C ± D . This is equivalent to the state­
lIIenl that k is uncertain to a factor of F where D = log 1(1' . The 
accuracy of the preferred value of E IRis quoted as lh., term 
,j (I,. I R), wlttle.d (E I R ) - G and G j" defined hy the equation 

FIN =H± G. 
The assignment of these absoln1<: error limits in k and E I R 

is a subjective assessmenl of 111(' evaluil lors. Experience shows 
Ihat for rale IIIt'aSUf{'fll<,.,h of almni,: and free radical reactions 
in lhc gas phase, tl", prt,ei"joll of III(' H1eaSIJrernents, i.e., the 
"'I'rodll<'ibilily, i, ",,"ally v,II"d. '1'1. liS, Ii.r single studies of a 
I'arlicu]"r ,,',wi ion involving "fie tedlIlique, ;;tandard devia­
liollS, or '''''''1 (.10 l)('re,,,,1 <:onfiderlt:e limits, of ± 10 percent or 
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less are frequently reported in the literature. Unfortunately, 
when evaluators come to compare data for the same reaction 
studied hy more than one group of investigators and involving 
different techniques, the rate coefficients often differ by a factor 
of two or even more. This can only mean that one or more of the 
studies has involved large systematic errors which are difficult 
to detect. This is hardly surprising since, unlike molecular reac­
tions, it is not possible to study atomic and free radical reactions 
in isolation, and consequently mechanistic and other difficulties 
frequently arise. 

The arbitrary assignment of errors made here is based 
mainly on our state of knowledge of a particular reaction which 
is dependent upon factors such as the number of independent 
investigations made and the number of different techniques 
used. On the whole, our assessment of error limits errs towards 
the cautious side. Thus, in the case where a rate coefficient has 
been measured by a single investigation using one particular 
technique and is unconfirmed by independent work, we suggest 
that minimum error limits of a factor of two al'e appropriate. 

We do not feel justified now in assigning error limits to the 
parameters reported for the photochemical reactions. 

4. Atmospheric Chemistry 

4.1. Introduction 

During the past decade considerable attention has been 
directed towards research in atmospheric chemistry with em­
phasis on the gas phase reactions of ozone and important hydro­
gen, nitrogen, carbon, halogen, and sulfur species. The critical 
evaluation of kinetic and photochemical data of key atmospheric 
processes has been an integral part of this research effort. In­
deed the present CODATA Task Group on Chemical Kinetics 
was reconstItuted in 19

c

{7 to prepare comprehensive critical 
evaluations of kinetic and photochemical data for atmospheric 
chemistry. 

The composition of the natural atmosphere is to a consider­
able degree determined by biological and microbiological pro­
cesses in soils, vegetation and waters. A typical life cycle of an 
element consists of release at the earth's surface in the form of a 
reduced gas (often bonded to hydrogen), photochemIcal oxida­
tion in the atmosphere, and removal from the atmosphere by 
precipitation scavenging (for water soluble compounds) and/or 
by direct uptake at ground and water surfaces and vegetation. 
Important examples of reduced gases of biological origin in­
clude CH4, CsHs (isoprene), ClOH16 (terpenes), CO, NH3, HzS, 
CH3SH and (CH3hS. These gases are photochemically oxidized 
in the atmosphere to compounds such as aldehydes, peroxides, 
alcohols, CO, CO2 , and S02' and possibly NOx (i.e., NO and 
N02) but all the details of the oxidation mechanisms are not 
known. 

The increased interest in atmospheric chemistry over the 
past decade has been stimulated by a recognition that man's 
activities could lead to significant changes in the chemical com­
pOSItIOn of the atmosphere on a significant changes in the chemi­
cal composition of the atmosphere on global scale. Such a dan­
ger has been recognized for the stratosphere (the 17-50 km 
altitude region in the tropics, 10-15 km in the middle and high 
latitudes) due to the input of NOx and halogen containing com­
pOllnds, but [!;lobal effects on the troposphere (the lowest 10-17 

.1. I'hv .. f":hftm. Rpf nnt". Vnl 11, No. ?, HI!!? 

km of the atmosphere) due to man's activities can likewise be 
identified. 

Increasing amounts of oxidized gases are being directly 
emitted into the atmosphere through man's activities. The total 
global sources of NOx and S02 to the atmosphere due to man's 
activities are now comparable to or larger than the natural atmo­
spheric sources of these gases. Although these emissions occur 
mainly in highly industrialized regions photochemical pollution 
has been observed over distances of a few thousand kilometers 
adjacent to industrial centers. Because of the vastly increased 
sources of pollutants and other reaction products to the atmos· 
phere, there is much concern about the effects not only on hu­
mans, but also on large scale ecological systems_ In particular, 
attention has been directed to the effects of the increased acidity 
of precipitation from H2S04 and HN03• 

In the following we present a review of the most important 
reactions in the atmosphere (troposphere and stratosphere) em­
phasizing their role in the cycling of oxygen, hydrogen, nitro­
gen, carbon, halogen, and sulfur compounds. Particular atten­
tion is given to those chemical processes which control the 
atmospheric distribution of ozone. In this discussion we treat 
stratospheric and tropospheric chemistry separately, Although 
there are meteorological and chemical connections between 
these regions they have the following quite distinct properties: 

(a) Temperature decreases with altitude in the troposphere 
and increases with altitude in the stratosphere, resulting in 
much more rapid vertical mixing in the troposphere than In the 
stratosphere. 

(b) There are marked differences in the chemical composi­
tion of these regions. For instance the stratosphere contains 
much larger concentrations of ozone, but much less water va· 
pour than the troposphere. The large differences in water va­
pour concentrations mean that clouds form only rarely in the 
stratosphere but more commonly in the troposphere. This in­
fluences the residence time and distribution of many water solu­
ble chemical compounds in the troposphere. 

(c) Only solar radiation at wavelengths longer than about 
300 nm penetrates into the ~roposphere because O2 and 0 3 ab­
sorb shorter wavelength radiation in the stratosphere. Photo­
chemical dissociation of many molecules therefore does not oc­
cur In the troposphere, e.g., N20, and the fluorocarbons. As a 

consequence those molecules which do not react with HO radi­
cals and are not removed by heterogeneous processes are trans­
ported into the stratosphere. 

4.2. The Stratosphere 

Until the 1960's most studies of stratospheric ozone only 
considered the Chapman [5] reactions in order to explain its 
distribution. The Chapman mechanism can be written: 

O2 + hv __ O + 0 (/1.<242 nm) (1) 

o + O2 + M--03 + M (2) 

0
3 
+ hv __ O + O

2 

o +03~20z 
(3) 

(4) 

In this set of reactions the production and loss of odd oxygen (0 
and (3) is controlled by reactions (1) and (4), respectively, while 
reactions (2) and (3) partition the odd oxygen species between 0 
and 0 3 . I t was subsequently recognized that other ozone destruc­
tion mechanisms had to be introduced in order to explain the 
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observations of stratospheric ozone. Since the early 1960's it 

has been suggested that HO" [6], NO" [7], CIO" [8], and BrO" 
[9] species can all, with varying degrees of efficiency, control the 
ozone abundance and distribution in the stratosphere. The na­
tural sources of inorganic HO", NO", CIO", and BrO" radicals in 
the stratosphere result from reactions of H20 and NzO with 
electronically excited oxygen atoms (OlD): 

H20 + OeD~2HO 

NzO + O(,D)---+2NO 

and from reactions of CH3CI and CH3Br with hydroxyl radicals: 

CH3Cl + HO~CH2Cl + HzO 

CH3Br + HO~CHzBr + H 20 

The CHzCI and CHzBr radicals undergo subsequent reactions to 
yield Cl and CIO, and Br, and BrO, respectively. The excited 
oxygen atom OeD) is produced by photolysis of ozone by ultra­
violet solar radiation at wavelengths shorter than 320 nm:, 

0 3 + hv-OeD) + 02' 

Interest in the fate of NO,. increased when it was suggested 
[7] that a substantial reduction in the stratospheric ozone con­
tent might occur due to the direct injection of nitric oxide into 
the stratosphere from the exhaust gases of supersonic aircraft. 
In addition, it has been suggested that man's agricultural prac­
tices may lead to enhanced levels of NzO [10]. Similarly the 
potential for :;ignificanl d",,,,lJ'u!;liun uf uwn", by CIO. radicals 
was recognized when it was suggested [H] that an important 
anthropogenic source of Cl and CIO would result from the photo­
lysis of CFCl3 (CFC-H) and CFzClz (CFC-12) in the strato­
sphere. CFC-H and CFC-12 are only known to have man-made 
sources (used as aerosol propellents, refrigerants, etc,). It has 
recently been noted that other industrially used chlorine con­
taining chemical:;, e.!;., CCI4 , CH3CCI3, CHF2CI (CFC-22) and 
CzF3Cl3 (CFC-H3) add significantly to the stratospheric chlo­
rine content. It should be noted that fully halogenated species, 
e.g., CFCl3 and CF2CI2 have no identified loss mechanisms in 
the troposphere, whereas those species which contain H atoms 
(e.g., CH3CI, CH3CCI3) or C=C linkages (e.g., CzHCI3) react 
with HO radicals in the troposphere to limit the fraction of them 
which can be transported into the stratosphere where their deg­
radation products then participate in ozone destruction cycles. 

The chemistry of the upper and lower regions of the strato­
sphere are distinctly different. The chemistry of the upper 
stratosphere, i.e., 30-35 km, is reasonably well defined. In this 
region the chemical composition is predominantly photochemi­
cally controlled, particularly in summer, and the lifetime of pre­
uicted temoporary reservoir species such as HOCI, H02N02, 

ClONOz, N20 s, and H202 are short and hence they play only a 
minor role. Thus the important processes above 30 km predo­
minantly involve atoms and small molecules. In contrast thA 
chemistry of the lower stratosphere, 15-30 km, is quite complex 
with significant coupling between the HO"" NO", and CIO" fam­
ilies.1t is within this region of the atmosphere where both dyna­
mics and photochemistry play key roles in controlling the trace 
gas distributions. It is also within this region of the stratosphere 
that the question of pressure and temperature dependences of 
the rate coefficients is most critical arising from the low tem­
peratures (210-225 K) and the high total pressure (30-200 
Torr). The question of the pressure and temperature depcn-

derices ofHO and HOz reactions is highly pertinent considering 
the unexpected pressure dependences observed in certain reac­
tions (e.g., HO + CO, H02 + H02) and the unusual tempera­
ture dependences observed in other reactions, (e.g., 
H02 + HOz, HO + HN03, H02 + 0 3, H02 + CIO). 

Ozone is photochemically controlled by HO., NO"" ClO"" 
and BrO", through the following simple catalytic cycle: 

X + 03~XO + O2 ~ 
XO+O-X+Oz 

(l) 

net: 0 0 3-202 

where X = HO, NO, CI, or Br. The catalyst X is constantly re­
generated in this simple cycle. In the case of CIO", two other 
catalytic cycles have also been considered: 

Cl + 03-CIO + O2 } 

HO + 03~H02 + O2 

CIO + H02~HOCl + O2 

HOCI + hv~HO + CI 

net: 203~302 

CI + 03-CIO + O2 

NO + 03~N02 + O2 

CIO + N02 + M-+CION02 + M 

CION02 + hv--GI + NO) 

N03 + hv~NO + O2 

net: 203-302 

(II) 

(III) 

The latter two cycles, which have been recognized to be poten­
tially imponam in the lower stratosphere. illustrate the highly 
coupled nature of the HO., NO"" and CIO", families, and involve 
species normally thought of as temporary reservoirs, i.e., HOCI 
and CIONO~. Recent photochemical modelling calculations 
which use these CODATA evaluated rate coefficients for key 
HO" reactions (discussed latter) have shown that these two cy­
cles are relatively unimportant due to the low predicted values of 
ClO below 30 km (in fair agreement with observations). 

In each chemical family there is normally one specie> 
which participates in the rate limiting step of the catalytic cycles. 
These are HOz, N02, and CIO for the HOx ' NO., and CIO, 
families, respectively. Consequently the efficiency of HOx , 

NOx ' and CIO", to catalytically destroy stratospheric odd oxygen 
(0 + 0 3) is dependent upon how these families are partiti()ned 
between their active (radical) and inactive (reservoir/sink) COIl­

stituents, e.g., CIOx = HCl + CION02 + HOCI + C10 + Cl, 
where HCI is a reservoir, HOCI and CION01 lire! tempoTl\ry n~· 
~p.rvo;rs, ~nd Cl and CIO lire active rn.lieu\,. H.",'·I'voi., SpN·jt>1l 

do not directly participate in odd oxygen d(~~II'ueti{)n (:nhdyt ie 
cycles in contrast to the radical speciel';. Tcmpol'llfY tipede", (,.g., 
HOCI, can either inhibit or l~nluII1Ct~ the: Cllll1lyli(~ oCAtruc,tion of 
ozone depending UPOtl how Ihey rI,dllf!c' till' netivc radical con­
centration, e.g., CIO. 

The efficient,y of NO, und CI<\ ill destroying odd oxygen 
is highly depclldlmt upon the Gonccntrntion of HO in thc straHl­
sphere. High levels of llO I'adieuls enhance the catalytic effi­
eiellc), of CIO, MId decrease the catalytic efficiency of NOx in 
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destroying odd oxygen because lIO converts Hel to Cl and N()2 

to HN03: 

HO + HCI-HzO + CI 

HO + N02 + M-HN03 + M 

(inactive_!H',live) 

(activc---+inactive) 

The odd hydrogen budget is controlled by the following termina­
tion reactions: 

HO + HOz-H20 + O2 

HO + HN03-+H20 + N03 

HO + H02NOz-H20 + NOz + O2 

HO + HzOz-HzO + H02 

IIOz + H02--H20 2 -/- O2 

The HO + HN03, HO + H02NOz and HO + HOz reactions all 
contribute significantly to the termination of HOx radicals be­
low 30 km, but the HO -/- HO l reaction dominates the termina 

tion ofHO", radicals above 30 km. The partitioning between HO 
and HOz is controlled by: 

HO + 03-+HO,. + O2 

HOz + 03-HO + 20z 

H02 + NO_HO + NOz 
in the lower and mid-stratosphere, and by 

H02 -/- O_HO -/- O2 

HO+0-H+02 

H + H02-+2HO 

in the upper stratosphere and mesosphere. Also in the upper 
stratosphere and mesosphere an additional termination reaction 
for HOx radicals becomes important: 

H + H02-H2 + O2 

As stated earlier, processes which directly convert radical spe­
cies into reservoir I sink species inhibit the catalytic efficiency of 
that cycle, e.g" 

Cl + CH4-HCI -/- CH3 

CI + H02-+HCI + O2 

In addition there are reactions which modify the partitioning 
between radical and reservoir species indirectly, e.g., 

NO + CIO ...... N02 + CI 

NO -/- HOz-+N02 -/- HO 

In each of these cases the normal catalytic cycles (I) have to 
compete with 

X-/-°3_XO+OZ ~ 
HO -/- NO_X -/- NOz 

N02 -/- hv_NO -/- 0 

0+ + +M 

(IV) 

no net chemical change 

where X = HO or Cl. The XO + NO reactions effectively modi­
fy the radical to reservoir ratios thus limiting the catalytIc em· 
ciencies of these families. 

It was stated earlier that BrO", has been postulated to cata· 
lyti(:ally d,,~troy m'Ye"n [q1- While Rr()x CAn ..J"dl"oY ()..J..J ()yye;"n 

throuf,ih cycles analol!;ous to those of CIOx the cycle of most 
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probable importance involving BrO", (for low BrO", mixing ra­
tios, i.e., 20 pptv) is one where there is synergism between CIO" 
and BrO, via tho following reaction sequence: 

CI -/- 0:3-CIO -/- O2 

Br + 0rBrO + O2 

CIO + BrO-+Cl + Br + O2 

net: 2°3-3°2 
The importance of this cycle is not only dependent upon the 
atmospheric mixing ratio of BrO", but also upon the concentra­
tion of CIO in the lower stratosphere. 

Fluorine is not thought to catalytically destroy odd oxygen 
in a manner analogous 10 chlorine, as all of the inorganic flu­
orine is tied up in the inactive form of HF. Atomic fluorine 
rapidly reacts with all hydrogen containing species, i.e., HzO, 
CH4 • H~. etc .• to form HF. but is only slowly regenerated owing 
to the unreactivity of HF towards HO radicals and Oep) atoms, 
thus leaving only reaction with OeD) atoms and photolysis at 
wavelengths below 165 nm as regeneration processes. 

As elhown earlier methane plaYl> all impuctauL cule iu t;LC<1-
tospheric photochemistry because it limits the efficiency of ClOx 

in destroying odd oxygen by converting Cl to Hel. Methane is of 
further importance as its oxidation leads to the production of 
water vapour. 

The complex interactions between the many species in­
volved in stratospheric photochemistry have been summarized 
in figure 2. OUi view uf the impult<1IlCe of the"", inter<1cliull" 

changes as our knowledge of the rate coefficients, absorption 
cross-sections, etc., improves. As our understanding of stratos­
pheric chemistry has evolved, the ozone depletion predictions 
due to increases in stratospheric NO" and CIO", have changed 
significantly. A brief historical overview of this is presented in 
figure 3. 

The lower stratosphere contains a small number of aerosol 
particles which form the Junge layer. Around 20 km altitude, 
there is about one particle per cubic centimetre which is larger 

,-----------------. 
__ ~3~·~~~x_ CIO -L CI ~2 HC! REMOVAL IN 

Cf,CI/hv_CIX NO,O HO TROPOSPHERT- i 
'+-'r-----f--------' tRAI~OUTI I 

+ 

FIGUl\1; 2. lutCl(1l.;tiou;, between the hydrogen, nitrogen, and chlorine familic3 of 

reactants. 
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FIGURE 3. Predictions of ozone depletion in steady state resulting from nitrogen 
oxides (:\10.,.) and from chlorofluorocarbons (CFC's); changes since 

1974 based on improved understanding of stratospheric chemistry. 

than 0.3 f-tm. These particles are believed to consist of sulphuric 
acid, ammonium sulphate and related species. Laboratory ex· 
periments suggest that reactions on the surface of such particles 
would be too slow to provide a significant sink or source of the 
trace species important in ozone chemistry although more stu­
dies are needed. However, because of backscattering of incom­
ing solar radiation, this layer has climatic significance. The par­
ticulate loading of the stratosphere is clearly influenced by 
volcanic activity. As stated, the main chemical component of 
this aerosol is sulfuric acid, the formation of which occurs al­
most certainly through the oxidation of volcanic S02 which is 
initiated by the reaction: 

HO + S02 + M-HS03 + M 

However, during extended periods without significant volcanic 
activity, this sulfate layer persists. Under these circumstances it 
is likely that the production of S02 occurs through the photoly-

40 

" -"'30 
..... 
;:; 
::> 
!: 
!:i20 
0« 

lOr 

i 
01 I I ,,,",1 I '''",' 

sis of COS 

COS + hv-CO + S 

and further oxidation of 5 to 502' Carbonyl sulfide is sufficient­
ly photochemically stable in the troposphere so that it can be 
transported into the stratosphere. The processes at the earth's 
surface which produce COS are unknown, and it may be that this 
gas has been affected by human activities. 

Altitude profiles, of the concentrations of some important 
stratospheric (and tropospheric) gaseous species, calculated us­
ing a one-dimensional photochemical model, are presented in 
figures 4a-4g. It is beyond the scope of this short review to 
describe the comparison of experimental observations with 
theoretical predictions. It should be noted that there have been 
numerous field measurements of source and sink molecules 
(e.g., CFC's, N20, H20, Hel, HN03, HF, etc.), more limited 
field data on radicals (e.g., Oep), CI, NO, N02, HO, H02, etc.) 
and almost no field data on temporary reservoirs (e.g., HOCl, 
CIOK02, H20 2, H02N02, and N20 5). 

4.3. The Troposphere 

Although only about 10% of all atmospheric ozone is locat­
ed in the troposphere, this small fraction is nevertheless of fun­
damental importance for the composition of the earth's atmos­
phere. The reason for this is the production of the hydroxyl 
radical by the two reactions: 

0 3 + hv-OeD) + O2 

OeD) + H20-2HO 

It is attack by HO that initiates the oxidation of many gases in 
the atmosphere [12, 13, 14] including hydrocarbons (e.g., CH4 , 

C5H8, ClOH I6), halogen-containing organics (e.g., CH3CI, 
CH3CCI3, C2C14 • ~HCI3' CH3Br), sulfur-containing organics 
(~.g., CH3SCIl3, CIl3SII) and many inorganic gases such a:5 CO, 

N02, HzS, S02' In this way HO acts as a scavenging agent, 
preventing the build up of these "pollutant" gases in the atmos-

(H. 

__ .1_q~~ _______________ ~~ ________________ L~ ____________ ____ ~~~ _____ . __________ ~?:~ __ ._. ____________ ~~ 
11 I X I N G RAT 1 C I by v 0 I u me: 

FIGURE4a. Altitude profiles of mixing ratio of some importanl.tratospheric and tropospheric gaseous species. 

J. Phys. Chem_ Ref_ Data, Vol. 11, No_ 2,1982 



.:144 BAULCH ET AL. 

FIGURE 4b. Altitude profiles of mixing ratio of some important nitrogen species. 

phere. In the unpolluted troposphere about 70% of the HO radi­
cals' react with carbon monoxide and 30% with methane: 

HO + CO-+H + COz 

HO + CH4-+HzO + CH3 

The subsequent reactions of Hand CH3 can either regenerate 
HO, e.g., by the reactions: 

H + 02 + M-TIIOz + M 

H02 + NO-+HO + N02 

or lead to remoY-al of radicals, e.g., 

CH3 + O2 + M-+CH30 Z + M 

CH30 Z + H02-+CH300H + O2 

H02 + HOz-+HzOz + O2 

50 

10 

The resultant steady state concentration of hydroxyl depends on 
the relative importance of the chain carrying reactions involving 
NO and the radical termination reactions. The important role of 
NO in tropospheric chemistry is therefore apparent. 

Oxidation of CH30 2 via the reaction with NO subsequently 
leads to formaldehyde formation: 

CH30 Z + NO-+CH30 + N02 

CH3U + Uz-+HCHU + HOz 

Photodissociation of HCHO can lead to further production of 
radicals from CH4 oxidation: 

HCHO + hv-+CHO + H ( :s 350 nm) 

H + Oz + M-+HOz + M 

HCO + 02-+HOZ + CO 

__ rc:~ __________ !~_~ _______ ___ _ 1_~~ ______ ____ ~?_~ ___________ ~~~~ ________ . _~~~ ________ __ ~S'_~ __ .. ___ . __ . __ L5:~~ 
NUMBER DENSITY 

F'''''"E 4c. Altitude profiles of number density of some important oxygen species . 
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FIGURE 4<1. AltItude profiles of number densIty of some .mportant hydrogen spec.es. 

The other two possible reactioIj paths: 

and 

HCHO + hv--+-CO + Hz (:;; 350 nm) 

HO + HCHO--+-H20 + CHO 
CHO + 02--+-CO + H02 

do not lead to any net gain of HO", (HO or H00 radicals in the 
methane oxidation chain. 

The ROz + NO reactions, in which NO is oxidized to NOz, 
are additionally important in that they provide a net source of 
ozone [15] through NOz photodissociation: 

R02 + NO--+-RO + NOz 

N02 + hv--+-O + NO 

o + 0; + M--+-03 + M 

e 
"" "­.... 
c 
:::> 

50 

30 

:;20 
~ 
-< 

10 

Net production of 0 3 from this route occurs at all altitudes below 
-15 km but is particularly important in the lower troposphere 
where, in polluted air, it leads t~ photochemical smog formation. 

The oxidation of carbon monoxide, methane and other hy­
drooorbonc doec not always lead to ozone production. For exam­

ple, if HOz reacts with ozone, i.e., when insufficient NO is pre­
sent, ozone is then lost via the reaction sequence: 

HO + CO--+-H + CO2 

H + O2 + M--+-H02 + M 

HOz + 03--+-HO + 202 

net: CO + 03--+-COZ + O2 

Applying the available kinetic information, one may roughly 
determine that nitric oxide volume mixing ratios larger than 

eto 
HCI 

j 

1 a"" 

___________ H_I_X_l_N_G_R_A T 10 (by vol urn. 1 

FIGUaE 4e. Altitude profiles of mi~ing ratio of ,orne important chlorine species. 
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about 10- 11 are required for the atmospheric oxidation chains 
to follow those reactions involving NO. This condition may not 
be reached in extensive regions of the troposphere because of 
the very short residence times of NO and 1\"02 through the reac­
tion", 

NO + 03-N02 + O2 

HO + NO Z + M-HN03 + :\1 

followed by rain-out of HN03• Recent measurements [16] have 
shown that NO volume mixing ratios may indeed be very low in 
the marine boundary layer, less than 10 ppt (lOX 10- 12

) in the 
tl"opical Pacifi". Tilt"", an::, ullfurLunatdy, Lou few ub:;ervaLiuIl:; 

of NO available now to derive a typical tropospheric distribution 

>­
-' 

50 

40 

< 20r---------____________ __ 

10 

of this gas, so that at present it is not possible to make good 
estimates of the photochemical production of tropospheric 
ozone. As indicated above, the role of methane oxidation reac· 
tions in controlling the HOx (HO and HOz) concentrations in the 
backgl.Ouml "tlUo:;ph"'l"'" i::l lik",wi:;", .. It::p'''Ull'''IlL on Lh", I$lobal NO 

distribution. 
In the absence of NO the fate of CH300H and HZ0 2 must 

be considered. These molecules may be removed by photolysis, 
e.g., 

or by reaction with HO. Furthermore, since CH300H and HZ0 2 

are water soluble, they are readily removed by precipitation 

__ Iq:~ __________ ___________ :~I: ______________________ ~c.:~~ _____________________ ~~~ ______________________ l_~ 
M I X H G RAT I 0 I by v 0 I u me) 

FIGUHE 4g. Altitude profiles of mixing ratio of some important sulfur species . 
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scavenging, which has an average time constant of 1 week and 
which is competitive with the gas phase removal routes. 

The total turnover of carbon in the atmospheric CH4 cycle 
is augmented by other hydrocarbons from both natural and 
man-made sources. Of particular importance are emissions from 
vegetation of terpenes which are oxidized to CO by analogous 
reactions to those outlined above for CH4 • A summary of the 
atmospheric budgets ofthe species involved in the tropospheric 
carbon cycle is given in table 1. 

The atmospheric cycles of many trace gases are determined 
by the HO distribution. For instance, the removal of the natural 
sulfur compounds HzS, (CH3hS, and CH3SH takes place by HO 
attack. It is commonly assumed that the subsequent reactions 
lead rapidly to the formation of 502 , although the detailed oxi­
dation mechanisms are not well known [17]. A fraction of the 
S02 in the atmosphere is converted to H2S04 by gas phase oxi­
dation, the first step again being accomplished by reaction with 
HO. Oxidation of SOz in atmospheric raindrops is also impor­
tant [18]. 

NO", molecules are mainly removed from the troposphere 
hy l'ear.tion!l. with hydl'oxylleading to the formation of nitric acid 
which is very soluble in water. The photochemical lifetime of 
HN03 in the troposphere is more than a month, Le., much long­
er than the average precipitation time constant of ahout one 
week. Nitric aCid IS, therefore, mamly removed by precipitation 
in the troposphere. In this way the transport of NO .. from the 
troposphere to the stratosphere is inhibited. 

Ammonia plays an important role in tropospheric chemis­
try since it can combine with acid species such as HN03• H2S04, 

and HCI to form ammonium salts, which are a major constituent 
of the atmosphere aerosol. NH3 also reacts with HO and subse-

quent reactions of the NHz radical may lead to NO", production 
in the troposphere by reactions such a.s 

NH3 + HO-NHz + H20 

NH2 + 03-NHzO + O2 

NH20 + 02-HNO + H02 

HNO + hv-H + NO 

However, competing reactions ofNH2 can lead to destruction of 

NO", 

NHz + NO,,-N20,,_1 + H20 

Furthermore, NH2 reacts rapidly with H02 

NH2 + H02-NH3 + O2 

to yield ammonia again. Since NH3 is removed by precipitation 
with a characteristic time scale of about one week while the time 
constant for attack by HO is of the order of a few months, the 
production and destruction of NO .. through NH3 oxidation is 
probably of minor importance. 

A summary of atmospheric budgets of some nitrogen spe­
cies is given in table 2. 

Chlorine chemistry in the troposphere is largely governed 
by HO attack followed by conversion of the CI constituent of the 
resultant radical to HCI or COeI2, which are removed mainly by 
precipitation. The detailed mechanisms of the photo-oxidation 
of chloro-organics is not well known, however. The tropospheric 
chemistry of bromine and iodine is even less well understood. 
Since HBr and HI are more reactive than HCI with HO and are 
also less readily formed from atomic Br and I, it seems probable 
that the chemical behaviour of iodine and bromine differs from 
that of chlorine species. 

TABLE I. Budgets of carbon species 

Gas 
Direct source/year 
Source identification 

gW 
biomass burning 
6.4X 1014 g CO 
industry 

0.7-1.2 X 101
• g CH. 

rice paddy fields 
0.3-2.2 X 101

• g CH. 
natural wetlands 
0.6X 1014 g CH. 
ruminants 
0.3-1.1 X 101

• g CH. 
biomass burning 
O.5X 10 ld gCH. 
gas leakage 

Secondary source/year 
Source identification 

OXIUHgCU 

methane oxidation 
4-13 X 1014 g CO 
CsHg, CIOH 16 oxidation 

• Atmospheric lifetimes in hours. months or years. 

Removal 
by 

HO 

HO 

HO 

Atmospheric 
lifetimes' 

;.: months 

7 years 

10 hours 

Transport 
distancesb 

.:lx. ,dy, .:lz (km) 

4OUU,;ttlUU,lU 

complete 

400.200.1 

b Diffusion distances in E· W, SoN and vertical directions (in km) over which concentrations are reduced to 30% by chemical reactio"s; cnkulutcn with 1110 J ~ .. 7 X 10' 
molecule cm- 3• 
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TABLE 2. BudgeL~ of nitrogen spedes 

Gas 
Direct source/year 
Source identification 

8.2-18.5 X 1012 g =" 
industry 
10-40 X 1012 g N 
biomass burning 
3-4X10 12 g N 
Iiehtl'line 
0-IS X 10 12 g N 
soils 
0.25 X 1012 g N 
jet aircraft 

1.8XI012gN 
fossil fuel burning 
1-2X 1012 g N 
biomass burning 
4-10X 1012 g N 
oceans 
2-6XIO'2 g N 
loss organic matter 
<3XIO I2 glli 

fertIlized lields 

10-20 X 1012 g N 
domestic animals 
2_6XlO12 g N 

wild animals 
<3Xl0 12 gN 
fertilized fields 
<30XlO12 g N 
natural fields 
4-12 X 10 '2 g N 
coal burning 
<60X 1012 g N 

biomass burning 

or years. 

Secondary source/year 
Source identification 

0.5-1.5 X 1012 g N 
oxidation of lIi20 

22-77 X 1012 g N 
HO+ N02 

Removal 
by 

HO 

rain 

Stratospheric 
photolysis 

rain 

Atmospheric 
lifetimes' 

1.5 days 

3 days 

100 years 

<9 days 

Transport 
distancesb 

Llx, Lly, LIz (km) 

1500,400,1.0 

3000,600,1.5 

global 

<9000,1000,3 

molecu1e r.m- 3 _ 
in E-W, SoN and vertical directions (in km) over which concentrations are reduced to 30% by chemical reactions; calculated with fHO} = 7 X 10' 
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5. Data Sheets 

5.1. Oxygen Compounds 

.tiH" = - 106.5 kJ mol-I 

Low pressure rate coefficients 

Rate coefficient data. 

Absolute Rate Coefficients 

(6.75 ± 0.43) X 10-35 exp«635 ± 18)/T) [O:J 
::,.oYX 10->-+ L021 
(L82 ± 0.23)X 10-35 exp«995 ± 37)/T) [N2] 

5.13X 10-34 [2'12 ] 

(6.24 ± 1.53 X 10-35 exp«525 ± 70)/T) [Ar] 
3.63 x 10-34 [ArJ 
5.91 X 10-34 [N2] 

3.75X 10-34 [Ar] 
3.4BX 10-34 [He] 
(6.9 ± 1.0)X10-34(T /300)-1.2.±o.2 [02] 

2.15X 10-34 exp(345/T) [02] 

(6.2 ± 0.9)XlO- 34(T /300j-20±O.5 [N2] 

8.82 X 10-35 exp(575IT) [N2] 

(3.9 ± 0.5)X10-34(T /300j-1.9±O.3 [Ar] 
6.3X 10-35 ""p(535IT) [ArJ 

Reviews and Evaluations 

6.2X lO- 34(T /300)-2.0 [N2] 

S.6XIO-34(T 1300)-2.36 [N2J 
3.6X lo.-34(T/30.0) -1.96 [Ar) 

Comments 

Temp.fK 

262-319 
298 

262-309 
298 
263-298 
9.98 
298 
298 
298 
219-368 

219-368 

219-368 

220.-300 
210-298 
200-346 

(a) 0 3 flash photolysis-O resonance absorption. Correc­
tionsfor the reactions 0 + 0]"'-+202 and 0 + O2 + 0 3--+203 

are necessary. 
(b) Preliminary data from O2 flash photolysis-O resonance 

fluorescence. 
(c) O2 flash photolysis-O resonance fluorescence tech­

nique. Most extensive available data in agreement with the ear­
lier results from [5]. Smaller temperature coefficient for 
M= O2, compared to M N2 or Ar, attributed to 
0 3 I O2 .02 I 0 3 exehangc encrgy transfer. 

(d) Based on data of ref. [3]. 
(e) Based on results from ref. [7] essentially in agreement 

with the present preferred values. 

Preferred Values 

ko = 6.9X 10-34(T 1300) -1.25 [02 ] cm3 molecule -IS- I 

over range 219-368 K. 

References Comments 

Arnold and Comes, 1979 (1] 

Lin and Leu, 1980 [2] 

Kleis. Anderson, and Kurylo, 1980 [3] 

NASA, 197914]; NASA, 1981 [6] 
CODATA. 1990 [S] 

(a) 

(b) 

(e) 

(d) 
(e) 

ko = 6.2X 1O-34(T 1300)-2.0 [N2] cm3 molecule- 1 5- 1 

over range 219-368 K. 
ko = 3.9X 10-34(T 1300) - 1.9 [Ar] cm3 molecule-I 5- 1 

over range 219-368 K. 

Reliability 

A log ko ± 0.1 over range 200-370 K. 
.tin = ± 0.5 over range 200-370 K. 

CommenlS on Priferred Values. 

Good agreement between various studies in the overlap­
ping ranges of conditions. Preferred values based on ref. [3). 
Differing temperature coefficients in other studies are partly 
due to too narrow temperature ranges. No new data on high 
pressure rate coefficients and intermediate fall-off range, for 
older data see CODATA, 1980 [5]. 

J. Phys. Chern. Ref_ Data, Vol. 11, No.2, 1982 
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Vibrational Deactivation of 0: formed by combination 0 + O~O: 
Rate coefficient data 

k Icm3 molecule-I 5- 1 M Temp'/K 

Absolute Rate Coefficients 

6.6XlO- 15 0, 298 
1.0 X 10- 14 O2 298 
7XIO- 14 O2 298 
2.0XlO- I

' N2• O2 298 
2.3X 10- 1• O2 298 

Reviews and Evaluations 

3XlO- 12 O2 300 

Comments 

(a) Pulse radio lysis of 02; time resolved observation of 
changes in the 0 3 uv absorption spectrum during the ° + 02'"" ..... 0 3 recombination reaction. 

(b) Rate coefficient corresponding to low energy levels of 

(c) Rate coefficient corresponding to high energy levels of 
0:. 

(d) Fla5h photoly:;,is of °2, lilllt: n:t:IUlved IR emission mea­
surements of the 0: (101) mode during the ° + 02~03 recom­
bination reaction. Rate coefficient corresponding probably to 
low excitation of 0: because of good agreement with deactiva. 
tion of laser excited 0: (101) molecules, see Rosen and Cool, 
1973 [Ill 

(e) Flash photolysis of 02; time resolved observation of 0 3 

uv absorption spectrum during ° + O2-03 recombination. 
Rate coefficient probably corresponding to slowest step, i.e., 
deactivation of low energy levels of 03' 

(f) Analy!!i~ of colli!!ion efficiencies of steady state rate con­

stants for recombination of ° + 02~03' This rate coefficient is 
estimated from an average energy of 1 kJ mol-I transferred per 
collision of highly excited 0: formed during the initial associ­
ation ° + 02~0!. 

Preferred Values 

k .... =3Xl0- '2 cm3 molecule- ' s- t at 298 K for 

M = 02' N2 (0: energies near 100 kJ mol-I). 
k"=2XI0- 14 cm3 molecule- l s- 1 at 298 K for 

M = 02' N2 (0: energies near 20 kJ mol-I). 

Reliability 

...:11oSk ** ± 0.5. 
LI log k * = ± 0.3. 

J, f'/lyil', Chern. Rof. Data. Vol. 11, No.2, 1982 

Reference Comments 

Hochanadel, Ghormley, and Boyle. 1968 [8] (a) 
Bevan and Johnson, 1973 [9] (a,b) 
Bevan and Johnson, 1973 [9J (a,c) 
von Rosenberg, and Trainor, 1974 [10) (d) 
Kleindienst, Burkholder, and Bair, 1980 [12] (e) 

Troe. 1979 [13] (f) 

Comments on Preferred Values 

The deexcitation of 0: during the recombination ° + O2-03 presents a complex time dependence involving ele­
mentary steps of quite different rates. Presumably the effective 
relaxation rate slows down with decreasing energy as indicated 
by the preferred rate coefficients. Preferred values of k * * are 
taken from ref. [13], values of k .. from refs [IOJ aud [12]. 
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391.9 k:J mol-I 
O+03~202 

ilHO= 

Rate coefficient data 

k Icm3 molecule- I 5- 1 

Absolute Rate Coefficients 

(8.3 ± 0.6) X 10 -IS 

(2.12 ± 0.18)X 10- 11 exp( (2337 ± 26)/T) 
(8.33 ± 0.18)X 10- 15 

Reviews and Evaluations 

1.5 X 10- 11 exp( 2218tT) 
2.0 X 10- 11 exp( - 2280tT) 
1.SX lO-llel<p( - 22181T) 

Comments 

Temp.lK 

298 
262-335 
298 

200-300 
220-1000 
200-300 

(a) 0 3 photolysis in dye laser pulses at 600 nm, 0 3 vibra· 
tional excitation produced in CO2 laser pulses, 0 detection by 
resonance fluorescence. 

(b) 03·flash photolysls,O r~sonanct: absorptiun t~cllHlqu",. 

(c) Value based on the data by Davis, Wong, and Lephardt 
[6], which agreed within error limits with the slightly lower val· 
ue by McCrumb and Kaufman [7]. 

(d) Value based on ref. [6], in agreement also with earlier 
high temperature data. 

Preferred Valvea 

k = 8.4Xl0- 15 cm3 molecule-I S-I at 298 K. 
k = 1.8 X 10- 11 exp( 23001T) cm3 molecule-I 5- 1 

over range 220-400 K. 

Reliability 

illog k = ± 0.1 at 298 K. 
il (E I R ) = ± 200 K. 

Reference 

West, Weston, and Flynn, 1978 [1] 
Arnold and Comes, 1980 [2] 

NASA, 1979 [3] 
CODATA, 1980 [4] 
NASA, 1981 [5] 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(c) 
(d) 

(0) 

The preferred value, is an averaged value of the data from 
refs. [1], [2], [6], and [7]. 

Referenceli 

[1] West, G. A., Weston,Jr., R. E., and Flynn, G. W., Chem. Phys. Lett. 56.429 
(1978). 

[2] Arnold, I., and Comes, F. J., Chern. Phys. 42, 231 (1979). 
[3] NASA Ref. Publ. 1049, "The Stratosphere: Present and Future," Hudson, 

R. D., and Reed, E.I. editors (1979). 
[4) CODATA Task Group on Chemical Kinetics, Baulch, D. L., Co~, R. A., 

Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

(5) NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 
Data for Use in Stratospheric Modelling," De More, W. B., Stief, L. J., 
Golden, D. M., Hampson, R. F., Jr., Kurylo, M. J., Margitan, J. J., 
Mlllin~, M. J. W~t."", R. T., JPL PuhL Rl_l'I (lQRll. 

(6) Davis, D. D., Wong, W., and Lephardt, J" Chern. Phys. LetL 22, 273 (1973). 
(7) McCrumb, J. L.. and Kaufman, F., J. Chern. Phys. 57, 1270 (1972). 

O+O:~O+03 (1) 

~202 (2) 
Rate coefficient data (k = kl + k2) 

k tcm3 molecule- I 8- 1 

Absolute Rate Coefficients 

1.5 X 10-11 

Branching ratios 

kzlk<O.3 

Temp.lK 

298 

298 

Comments 

(a) Discharge flow system, 0 3 vibrationally excited by CO2 

laser pulses. 0: (vibrational excitation mainly Or (100), 
or (001) monitored by IR fluorescence. 0 monitored by 
0+ N02 titration. 

(b) 0 3 photolysis with dye laser pulses, 0 3 vibrational exci· 

Reference Comment 

West, Weston, and Flynn, 1976 [1] (a) 

W".t, W .. oton, And Flynn, 1978 I'll (h) 

tation in CO2 laser pulses, 0 detection by resonance 11\l/Ifl'l" 

cence. 

Preferred Value 

k = 1.5 X 10- 11 cm3 molecule - I S -- 1 nl :l.9H K, 

J. Phys. Chem. Ref. Data. V()1. 11, HI). 11. 1illi;? 
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Reliability 

J log k = ± 0.5 at 298 K. 

Comments on Preferred Value 

More measurements with other selectively excited 0 3 mol­
ecules are needed. This preferred value applies to 0: (100) and 

0: (001) molecules. 

References 

[I) West, G. A., Weston, R. E.,Jr., and Flynn, G. W., Chern. Phys. Lett. 42, 488 
(lQ70) 

[2] West, G. A., Weston, R. E.,Jr., and Flynn, G. W., Chern. Phys. Lett. 56, 429 
(1978). 

0(1D) + 02~0(3P) + O2(1.2":) (1) 

~0(3P) + 02(1L1g) (2) 

---..,.0(3P) + 02(3.2"g-) (3) 

~ Will = - 32.8 kJ mol-I 

~HO(2) = - 95.4 kJ mol-I 

AG Q(3) = - 189.7 kJ mol- 1 

Rate coefficient data (k = k 1 + k2 + k3) 

k Icm' molecule-I S-I 

Absolute Rate Coefficients 

{4.2 ± 0.2)X 10- 11 

(4.0 ± O.6)XlO-" 

Branching Ratios 

k/k = 0.77 ± 0.2 
k21k<;;0.05 

Reviews and Evaluations 

2.9XlO- 1l exp(671T) 
ii.7X 10-" exp(67fT) 
3.2XlO- II exp(671T) 

Comments 

Temp.lK 

295 
2<JH 

300 
300 

200-300 
200-350 

200-300 

(a) Oe D) production by laser flash photolysis of 0 3 at 248 
nm, Oep) detection by resonance absorption at 130 nm. 

(b) OeD) production by laser flash photolysis of 0 3 at 266 
nm. Oep) detection by resonance fluorescence at 130 nm. 

(c) OCD) detection from OCD)---+Oep) emission at 630 nm. 
02C..r g+) monitored from the 02C..r g+ )---+02e..r g-) (I-I) and 
(0-0) band emission. 02C..r g+) is only formed in the v = 0 and 1 
levels with k (1)1 k (0) = 0.7. 

(d) OeD) production by photolysis of 03' 
(e) Based on OCD) emission measurements only (ref. [8]). 
(f) Average from OeD) measurements by 630 nm emission 

and 115 nm absorption and Oep) measurements by 130 nm 
absorption and fluorescence, 

(g) Based on ref. [1] and earlier references excluding OeD) 
absorption measurements. 

Preferred Values 

k = 4.0X 10- 11 cm3 molecule- 1 S-l at 298 K. 
k = 3.2XIO- 11 exp(67/T) cm3 molecule-I s-J over 

rallf!," 200-;~50 K . 

• 1. Phyn. Chom. Ref. Data, Vol. 11, No.2, 1982 

Reference 

Amirnoto et aI., 1979 [1] 
iJrock and Watson, 191H [~l 

Lee and Slanger, 1978 [3] 
Gauthier and Snelling, 1971 [4] 

:'-IASA, 1979 (5] 
CODATA,1980[6] 
NASA, 1981 [7] 

kJ/k = 0.8 
k2Ik<0.05. 

Reliability 

A logk= ±O.05at298K. 
d (E I R ) = ± 100 K. 
dlog (k/k) = ± 0.1. 

Comments on Preferred Values 

Commenls 

(a) 
(b) 

(c) 

(d) 

(e) 
(I) 

(g) 

The earlier controversy between measurements using 
OeD) emission at 630 nm and absorption at ll5 nm appears to 
be resolved now, since Oep) detection hy absorption at 130 nm 
and fluorescence support the O(lD) emission results. Apparent­
ly the r-value In the Lambert-Beer law used in the OCD) absorp­
tion results was too small. The preferred value for k averages the 
results from refs. [I], [2], [3], and [8] which all agree very well. 
The temperature coefficients are accepted from ref. [8], the 
branching ratios from refs. [3] and [4]. 
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0(1D) + 0:.-+02 + 20(3P) (1) 

..1HO(l) - 93.2 kJ mol- 1 

..::1HO(2) = 189.7 kJ mol- 1 

..::1HO(3) = - 393.0 kJ mol- 1 

.dH"(4) = 424.7 kJ mol-I 

..::1HO(5) = - 581.6 kJ mol- 1 

~0(3P) + 0 3 (2) 

-+202(1.::1 g ) (3) 

-+02(1.l'g+) + 02(3.l'g) (4) 

-+202(3,Ig ) (5) 

Rate coefficient data (k = kl + k2 + k3 + ". + k5) 

Absolute Rate Coefficients 

(2.7 ± 0.2)XIO- 10 

(2.4± 0.5) X 10- 10 

(2.41 ±0.1l)XI0- IO 

(2.5 ± 0.5) X 10 - '0 

(2.28 ± 0.23);..; 10- '0 

Branching ratios 

".lk<0.15 
"51"=11: ,/"=0.5 

"zlk=l 

Reviews and Evaluations 

",""'k5<::<o.5k= 1.2XIO- 1O 

"1"",k5<::<O.5 k = 1.2 X 10- 10 

Comments 

Temp.lK 

300 
103-393 
300 
300 
298 

300 
300 

300 

200-300 
200-300 

(a) OeD) production by flash photolysis of 03 in a flow 
system. OeD) detection by resonance absorption at ll5 nm. 
This value is not influenced by the error in the Lambert-Beer y­
value present in other OeD) reactions of this work, see discus-
6ioll in ref. [4]. 

(b) Oe D) production by laser flash photoIysis of 0 3 at 266 
nm in a flow system. OeD) followed by OeD)-+-Oep) emission 
at 630 nm. 

(c) OeD) production by laser flash photolysis of 0 3 at 248 
nm in a flow system_ Oep) detection by resonance absorption at 
130 nm, see also discussion of these results in ref. [4]. 

(d) Oe D) production by laser flash photolysis of 0 3 at 266 
nm. Oep) detection by resonance fluorescence at 130 nm. 

Reference Comments 

Heidner, Husain, and Wiesenfeld, 1973 [1] (a) 
Streit et al., 1976 [2] (b) 
Amimoto, Force, and Wiesenfeld, 1978 [3] (c) 
Amimoto et al., 1980 [S] (e) 
Ravishankara ami Wine, 1981 (6) (d) 

Klais, Laufer, and Kurylo, 1980 [7) (e) 
Davenport, Schiff, and Welge, 1974 [9) (/') 

Amimoto, Force, and Wiesenfeld, 1978 (3J (g) 

NASA, 1979 [10] (h) 
NASA, 1981 [11] (h) 

(e) Flash photolysis of 0 3 with Oep) detection; analysis of 
the early part of the Oep) profile taking into account Slanger 
and Black's results on the rate of the reaction 02e..r.+) 
+ 0 3([8]). 

(f) Resonance fluorescence detection of 0 atoms. One Oep) 
formed per OeD) consumed. This can either be explained by 
k21k=1 VI by A.5Ikl=1. 

(g) Observation of one Oep) formed per OeD) eonsumed. 
These authors favour k21k~1 instead of k~/kl~l to explain 
their results, on the basis of the postuillted existenee of a stable 
0 3 species at energies above the dissociation energy of 03' As 
long as there is no unambiguous experimental eonfirmation, we 
prefer the interpretation of these daln by k~/ kl~l. 

(h) Branching ratio from ref. [9], absolute value from refs. 
[1]-[5]. 

J. Phys. Chern. Ref. Data, Vol. 11, No. 2,1982 
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Preferred Values 

k = 2.4X 10-10 cm3 molecule- I S-I over range 100-
400K. 

k l /k=kslk=0.5. 

Reliability 

.c:1log k = ± 0.05 over range 100-400 K. 

.c:1 loek/ k =L11ogk,,/k ±O.l. 

Comments on Preferred Values 

The accuracy of the overall rate constant k apparently is 
quite good. The given value is based on the data from refs. [2], 
[3], [5], and [6]. The observation of the appearance of one Oep) 
pElT o(ln) comlumed also appears well e .. tablished. The interpre­

tation of this observation by assuming kl=ks appears most 
probable, although the alternative k21 k=l cannot be ruled out 
at present. 

.c:1HO = - 94.3 kJ mol-I 
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Rate coefficient data 

"/em3 molecule-I .-1 M 

Absolute Rate Coefficients 

1.4X10- 19 

2.22 X 1O-18(T 1300)°·78 

(5.6 ± 0.36) X 10 -" 
(4± 1)XlO-18 

<1.5XlO-20 

<8XlO-20 

Reviews and Evaluations 

2.2XlO- 18(T 1300f·8 

<2XlO- 20 

Comments 

Temp.lK 

300 
285-322 
298 
298 
298 
298 

285-322 
300 

(a) VUV absorption measurements of Oi.c:1 g ) decay. As 
discussed by the authorl5 thii5 i5 the mOfotciirect i5tudy of 02(I..:1 g } 

quenching by N2• 

(b) 02e.c:1 g ) formed by photolysis of Oz·C6H6 mixtures by 
energy transfer from a benzene triplet state. 02e.c:1.) monitored 
by 1.27 J.l emission. 

(c) Measurements in reaction cell of 220 m3 volume. 
02(I.c:1g ) detection by emission from the energy pooling reaction 
20ze..:1 g)---02(IZ g"'} + 02CZ g-) 

(d) Revew of literature up to 1971. Preferred room tern· 
perature value for M = O2 is a consensus value from several 
studies; the temperature coefficient is from Findlay and Snell­
ing (2). Upper limits of k for M = Nz vary between 1.1 X 10- 19 

and3XIO-21 • 

J. Phya. Chem. Ref. Data, Vol. 11, No.2, 1982 

Reference 

Collins, Husain, and Donovan, 1973 [I) 
Findlay and Snelling, 1971 [2) 
Findlay and Snelling, 1971 [2) 
Becker, Groth, and Schurath, 1971 [3) 
Findlay and Snelling, 1971 [2] 
Becker, Groth, and Schurath, 1971 [3) 

Hampson et aI., 1973 [4) 

Preferred Values 

Comments 

(a) 
(b) 
(b) 

(c) 
(b) 
(c) 

(d) 

k=2.2X10- 18 cm3 molecule- 1 s- 1 for M=02 at 
298K .. 

k<1.4X 10-19 cm3 molecule- I 
5-

1 for M = N2 at 298 K. 
k = 5X 10- 18 cm3 molecule- I S-I for M = H20 at 

298K. 
k<8X 10-20 cm3 molecule- I 

9-
1 for M = CO2 at 298 K. 

Reliability 

..:1 log k = ± 0.3 for M O2, and for M = H20. 
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Comments on Priferred Values 

Whereas the values for M O2 and H20 appear to be reli- . 
able, the smaller values for M = N2 and CO2 need further con­
firmation. The temperature coefficient appears to be small, how­
ever, more extensive data are needed before safe conclusions on 
k at stratospheric temperatures can be given. 

1lH· = + 12.2 kJ mol- I 

References 

[1] Collins, R.J .• Husain. D .• and Donovan, R.J .• J.Chem. Soc. Far. Trans 1169. 
145 (1973). 

[2] Findlay. F. D., and Snelling. D. R., J. Chern. Phys. 55, 545 (1971). 
[3] Becker. K. H., Groth, W .• and Schurath. U., Chern. Phys. Lett. 8, 259 

(1971). 
[4] Hampson. R. F., et al.. J. Phys. Chern. Ref. Data 2. 267 (1973). 

Rate coefficient data 

k lem3 molecule-I 5- 1 

A bsolute Rate Coefficients 

. 6.6X 1O-13exp( 15601T) 
(3.5 ± 1.3)X 10- 15 

4!'iX 10- 11 ~Yr( - (?R3C1 ± lRO)/T) 

3.4XlO-" 
6.0X 10- 11 exp( - 28501T) 
4.2 X 10- 15 

(4.4± 1.3)XIO- 15 

<5X 10-1> (v>1) 

Reviews and Evaluations 

4.5X 10- 11 exp( - 28301T) 
1.2 X 10- 11 exp( 2400IT) 

Comments 

Temp.lK 

195-439 
298 
?R3_.~?1 

298 
296-360 
298 
300 
298 

283-321 
200-350 

(a) Microwave discharge flow system for the generation of 
02e1l g ), 0 3 added downstream. Detection of 02('1lg) via selec­
tive photoionization by argon resonance radiation at 106.7 and 
104.8 nm. 

(b) 02e 1lg } produced by 0 3 photolysis by Hg resonance 
radiation; O:le~g) ooneentrations monitored via 1.27 '"" ernie­
sion. 

(c) Static reactor of 220 m3 volume. 02e1lg) formation by 
microwave discharge in O2, 02e1l g ) detection by 1.27 f1. emis­
sion. Preexponential factor can be 50% lower if 02e..r g+) yield 
from the Oep) + 0 3 reaction is interpreted differently. 

(d) 02e1lg) produced by uv flash photolysis of 0 3 ; 02e1lg) 
detected by time resolved absorption spectroscopy near 144 nm. 

(e) Flash photolysis of 0 3, detection of Oze1l g)~ = 0.2,3 near 
144 nm in absorption. 

(f) Preferred values from ref. [2]. 
(g) Room temperature average value combined with aver­

age activation energy. 

Preferred Values 

k = 3.8X 10- 15 cm3 molecule- 1 
S-1 at 298 K. 

k = 5.2 X 10- 11 exp( - 2840IT) over range 280-360 K. 

Reference Comments 

Clark, Jones, and Wayne. 1970 [1] (a) 

"rin..lIAy ~n..l <;"ellin8. 1971 [?] (h) 

Becker, Groth. and Sehurath. 1972 (3) (e) 

Collins. Husain. and Donovan, 1973 [4] (d) 
Klais, Laufer, and Kurylo. 1980 [5] (e) 

Schofield, 1972 [6] (0 
Hampson. 1980 (7] (g) 

Reliability 

1l log k = ± 0.1 at 298 K. 
..:1 (E / R ) 1. 500 K. 

Comments on Preferred Values 

Whereas there is good agreement on the room temperature 
value, the temperature coefficient appears less certain. In view 
of the coincidence of the results from refs. [2] and [3], which 
were obtained by two completely different techniques, we fa­
vour their temperature coefficient over that from ref. [1]. 

References 

[IJ Clark, I. D .• Jones. I. T. N., and Wayne. R. P., Proc. Roy. Soc. London 
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02(1..1 g )U>1 + M-.02('..1 g )v 0 + M 

Rate coefficient data 

k / cm3 molecule 1$-1 M Temp.lK 

Absolute Rate Coefficients 

(8.4 ± 3.0)X 10- I. N2 298 
(3.4 ± 2.0)X 10- 14 Ar 298 
(4.7 ± 2.0)X 10- 12 03 298 

Comments 

(a) 02eJ. g L;'1 formed by flash photolysis of 0 3 at 240-257 
nm. The photolysis channel 0 3 + hV-+02C..1g) + 0(3P) pro­
ducesOl..1g}v= I and02eJ. g L=o with yields of 0.6 ± 0.2 and 
0.4 ± 0.15, respectively. 

Preferred Value 

k = 8X 10- 14 cm3 molecule-I S-I for M = N2 at 298 K. 

Reliability 

J log k = ± 0.5 at 298 K. 

1JHO = - 156.9 kJ mol I 

Reference Comments 

Klais, Laufer, and Kurylo, 1980 [1) (a) 

Comments on Preferred Value 

Thi::; i .. a 5illg1t: dt:1ellllillation and more data are de.,irable. 

In particular the rate coefficient for M = O2 should be mea­
sured. 

References 

[I] Klais, 0., Laufer, A. H., and Kurylo, M. J., J. Chem. Phys. 73, 2696 (1980). 

Rate coefficient data 

Absolute Rate Coefficients 

(4.6 ± l)X 10- 17 

(4.0 ± 0.4) X 10- 17 

(3.8 ± 0.3)X 10- 17 

(2.5 ± 0.2) X 10- 17 

(2.2 ± O.I)X 10- IS 

(1.7 ± O.l)X 10- 15 

4.6XlO-'" 
(8.0 ± 2.0) X 10- 14 

Reviews and Evaluations 

1.5XlO- 16 

2.0XlO- 15 

4.0XlO- 12 

M 

Comments 

Temp.!K 

294 
298 
300 
298 
298 
298 
294 
300 

300 
300 
300 

(a) :vIicrowave discharge system; 02( I..!' g+) detection by 
1.91 fl radiation. Data also for :vI = H2• 

(b) Optical excitation of 02('.I g+}v = l' fast relaxation of 
v 1 to v 0 before electronic quenching. 

(c) 0l.I ~+) formed by energy pooling 20i..1g ) 

---c>02(1..!',,+) + 02e..!' g-) in a discharge flow system. Data also 
for M = He. 

Id) 0lr1,I;') produced by the 0('0) + O2 reaction, 
I) .'1

1
.'.;,' ) lIIofliton~d by 761.8 nm emission . 

• 1. "lIy ... ell"m. Rill. Dfttn. 1101. 11, No.2, 1982 

Reference 

Thomas and Thrush, 1975 [I] 
Martin, Cohen. and Schatz, 1976 [2] 
Lawton et al., 1977 [3 J 
Chatha et aI., 1979 [4] 
Martin, Cohen, and Schatz, 1976 [2] 
Chatha et aI., 1979 14] 
Thomas and Thwsh, 1975(lJ 
Slanger and Black, 1979 [5] 

Hampson et aI., 1973 [6] 

Preferred Values 

k=4.0XlO- 17 cm3 molecule - 1 S - 1 

298K. 
Ie 2.DXlO- 15 cm 3 molecule -1 S-I 

298K. 
k = 8.0X 10- 14 cm' molecule- ' 8- 1 

298K. 
k = 4.0X 10- 12 cm3 molecule -1 s - 1 

298K. 

Comments 

for 

for 

for 

(a) 
(b) 
(b) 
(e) 
(b) 
(e) 
{a} 
(d) 

M=02 

M=Nz 

M=O 

for M=H2O 

at 

at 

at 

at 
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Reliability 

A log k = ± 0.3 for M = O2, 0, and H20, ± 0.1 for 
M=N2• 

Comments on Preferred Values 

More recent values of k for M = O2 are systematically low­
er than earlier values, whereas data for M = N2 appear well 
established. Temperature coefficients as well as information on 
the reaction Ol1: t) + Oep~02eAg) + Oep) are urgently 
required because of their possible importance for the overall 

'quenching rates or02e 1: t) in the atmosphere, see discussion 
in ref. [5]. 

References 
[I] Thomas, R. G. D., and Thrush, B. A., J. Chern. Soc. Far. II 71, 664 (1975). 
[2] Martin, L. R., Cohen, R. B., and Schatz, J. F., Chern. Phys. Letters 41, 394 

(1976). 
[3J Lawton, S. A., Novick, S. E., Broida, H. P., and Phelps, V. A., J. Chern. Phys. 

66, 1381 (1977). 
[4] Chatha, J. P. S., Arora, P. K., Nalini Raja, S. M. T., Kulkarni, P. B., and 

Vohra, K. G., Int. J. Chern. Kinet. II, 175 (1979). 
[5] Sianger, T. G., and Black, G., J. Chern. Phys. 70, 3434 (1979). 
[6] Hampson, R. F., et 81., J. Phys. Chern. Ref. Data 2, 267 (1973)., 

02(1.2'g+) + O~O + 202 (1) 

AHO(I) = - 50.4 kJ mol-I 

AHO(2) = - 62.6kJ mol-) 

AHO(3) = -156.9 kJ moi-) 

~02(1L1g) + 03 (2) 

~02(aZg- ) + 03 (3) 

Rate coefficient data (k = 1<, + 1<2 + k3) 

k molecule - I 5 I 

Absolute Rate Coefficients 

(2.5 ± 0.5) X 10- 11 

(2.3 ± 0.5) X 10- 11 

(2.2 ± 0.2)XIO-" 
(1.8 ± 0.2)X 10- 11 

D.Ii"un;hiu~ fi(11iUl!! 

k,lk:::::::0.62 ± 0.22 
",Ik = 0.79 ± 0.08 

Comments 

Temp.lK 

295 
295 
295 
295 

298 
295 

(a) Flash photolysis of 0 3 in the presence of 02' Oze1: t) 
formed by the reaction OeD) + 02-0ep) + 02e1: g+). 
02e1: g+) detected by emission at 761.8 nm. 

(b) Flash photolysis of 0 3, 02e1: t) formation by OeD) 
quenching by Oz. 

(c) Flash photolysis of Oz in a discharge flow system, 
02('1: g+) formation by quenching of OeD) by 02' O2('1: t) 
detected by emission at 761.8 nm. 

(d) O2 laser flash photolysis at 248 nm. Oep) detection by 
resonance absorption at 130 nm. 

(e) Derived from the product 0.48 ± 0.04 = (k ,I k ) X (k ; I 
k ') where k I corresponds to the reaction OC D) + Oz-products 
and k; to the reaction O('D) + O2-0 + O2('1: t). 
k; Ik' = 0.77 from Lee and Slanger [5] is used. The authors 
erroneously give k/ k = 0.67 ± 0.22. 

(f) Based on the branching ratio k; Ik' = 0.77 from Lee 
and Slanger [5] for the reactions OeD) + O2-0 + O2('1: g+ ) 

and OeD) + 02-products. and on an O(,D) quantum yield of 
¢ = 0.9 for 0 3 photolysis. 

Reference 

Gilpin, Schiff, and Welge, 1971 [1] 
Snelling, 1974 [2] 
Slanger and Black, 1979 [3] 
Amimoto and Wiesenfeld, 1980 [4] 

Slanger and Black, 1979 [3J 
Amimoto and Wiesenfeld, 1980 [4] 

Preferred Values 

Comments 

(a) 

(b) 
(e) 
(d) 

(c, e) 
(d,1) 

k = 2.2X 10- 11 cm3 molecule-I S-I at 298 K. 
k/k = 0.7 at 298 K. 

Reliability 

A logk = ± 0.06 at 298 K. 
A (k)/k) ± 0.1 at 298 K. 

Comments on Preferred Values 

The preferred values are simple averages of the given data. 
Information on the temperature dependences is required. The 
temperature dependence is likely to be small. 

References 
[1] Gilpin, R., Schiff, H. I., and Welge, K. H., J. Chern. PhY6. 55, 1087 (1971). 
[2] Snelling, D. R., Can. J. Chern. 52, 257 (1974). 
13] Slanger, T. G., and Black, G., J. Chern. Phys. 70, 3434 (1979), 
[4] Arnirno\o, S. T., and Wiesenfeld, R., J. Chern. Phys. 72, 3899 (1980). 
[5J Lee, L. c., alld Slanger, T. G., J. Chen'. Pbys. 69, 4053 (1978). 
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+ 02~02(1II'+)v 0 + O2 

Rate coefficient data 

k Icm3 molecule-' s-' 

Absolute Rate Coefficients 

k,_r =1.5XlO- 1I 

k,=, =2.2XlO- 1I 

k,_2 (9± l)XlO- '] 

Comments 

Temp.!K 

300 
300 
300 

(a) O?e.I ,,+ L ~ I produced by the reaction 
OeD) + 02e.I g-) and measured by emission at 760-785 nm; 
in this reaction 25% of the Ol.I g+ ) formed is in the \J = I state, 
the remainder in the \J = 0 state. Measurements under steady 
state conditions. 

(b) 02e.I g+), ~ I produced by the reaction 

Reference 

Gauthier and Snelling, 1974 [1] 

Lee and Sianger, 1978 [2] 

Schurath, 1975 [3] 

Reliability 

Lllog k,,= I = ± 0.3 at 298 K. 
.a log k,,=2 = ± 0.5 at 298 K. 

Comments on Preferred Values 

Comments 

(a) 

(b) 

(e) 

Oe D) + 02e.I g-)' 02(.I g+ t detected by time resolved emis­
sion in the ranse 760-785 nrn. 

More information on temperature coefficients and "nor­
mal" relaxation in colli"ion" with other collider" i" required. 

(c) 02e...l' t L = 2 formed as predominant product of the 
energy pooling reaction 202e.a gt-0 2e.I g-) + 02e.I t). 

Preferred Values References 

k,,=l = 1.9XIO- 1I cm3 molecule- t 
S-I at 298 K. 

kv=2 = 9X 10- 13 cm3 molecule- I 
S-1 at 298 K. 

[1) Gauthier, M. J. E., and Snelling, D. R., Can. J. Chern. 52, 4007 (1974). 
(2) Lee, L. C., and Slanger, T. G., J. Chern. Phys. 69, 4053 (1978). 

Reaction 

O2 + hv-o('P) + Oep) 
-O('P) + O('D) 
_O('D) + O('D) 
-O('P) + 0('5) 

(1) 
(2) 
(3) 
(4) 

J. Phya. Chern. Ref. Data, Vol. 11, No.2, 1982 

(3) Schurath, U., J. Photochem. 4, 215 (1975). 

O2 + h1/~products 
Primary photochemical transitions 

493.56 
683.38 
873.20 
897.80 

242.4 
175.0 
137.0 
132.2 
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Preferred Values 
Absorption cross sections and quantum yields for O2 photolysis at 298 K 

A/nm 1019ool cm2 
"'2 

140.8-142.8 140 1 
142.8-144.9 148 1 
144.9-147.0 141 1 
147.0-149.2 129 1 
149.2-151.5 115 1 
151.5-153.8 99.1 1 
153 Ji_156.2 82.4 
156.2-158.7 65.8 

A fnm 1023(00) (300 K)/cm2 

175.4-177.0 12800 
178.6 11800 
180.2 7370 
181.8 4770 
183.5 3160 
185.2 1610 
186.9 874 
188.7 419 
190.5 190 
192.3 94.8 
194.2 62.4 
196.1 21.5 
198.0 7.56 
200.0 3.06 
202.0 1.94 

A/nm 1024ool cm2 

200 12.0 
205 10.2 
210 9.3 
215 7.9 
220 G.5 

Comments on Prefe"ed Values 

The absorption cross sections for A < 175 nm and 
200 <A < 245 nm are from Ackermann [1], average cross sec­
tions over the Schumann-Runge bands for 175 <A < 200 nm 
are from Kockarts [2]; there is considerable scatter of data at 
A;;;'200 nrn with an uncertainty of ± 20% for 200-230 nm. The 
onset of the OeD) production near 175 nm is given by a smooth, 
probably temperature dependent function, see ref. [3]. For 
175 <A < 200 nm we prefer ~l S!! 1. The preferred values are 
unchanged from tholjc given in the pceviuu:; evaluatiun, 

CODATA, 1980 [4], where more detailed information can be 
found. 

A/nm 1019q lcm2 
"'2 

158.7-161.3 49.7 
161.3-163.9 34.5 
163.9-166.7 20.8 
166.7-169.5 12.3 
169.5-172.4 7.22 
172.4-173.9 4.58 
173.9-175.4 2.71- 1 
176 -200 (see below) 0 

1023 (00) (200 K)/cm' 1023 (00) (160 K)/cm2 

15000 15700 
11900 11800 
6470 6060 
5050 5210 
3020 2940 
1400 1330 
7,,7 7?'!. 

348 340 
144 137 
60.4 48.4 
57.2 57.2 
18.7 18.7 
5.4 5.42 
1.83 1.77 
1.54 1.49 

A Inm 1024oolcm2 

225 5.3 
230 4.0 
235 2.8 
240 1.0 
245 0.5 

[1] Ackermann, M., Aeronomica Acta 77, (1970), also published in "Mesos. 
pberic Models and Related Experiments" (ed. Fiacco, G., D. Reidel 
PubJ., 1971) and in "Chemical Kinetics Data Survey VI" (ed. Hampson, 
R. F., Nat. Bur. Stand. (U.S.), Int. Rep. 73-207 (1973). 

[2] Kockarts, G., in "Mesospheric Models and Related Experiments" led. 
Fiocco, G., D. Reidel Publ., (1971). 

[3] Lee, L. C., Sianger, T. G., Black, G., and Sharpless, R. L .. J. Chem. Phys. 67. 
5602 (1977). 

[4] CODATA Task Group on Chemical Kinetics, Baulch, D. 1... Cox, R. A., 
Hampson, R. F., Jr., Kerr, J. A .. Troe. 1.. and Watson. It. '1' .• J. I'hy,. 
Chern. Ref. Data, 9, 295 (1980). 

J. Phys. Chem. Ref. Data, Vol. 11, No.2, 1982 
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03 + hv-+products 

Reaction A.lhre~hold Inm 

0 3 + hV->-0(3p) + O2<' I ,-) 
->-O<,P) + 02(a '.d,) 
->-oCP) + 02(b 'I.+) 

..... OeD) + 02eI.-) 

-.O('D) + 02(a '.d.) 
->-oe D) + 02(b 'I ,+) 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

101.4 
195.7 
258.3 

291.2 

385.5 
448.1 

1180 

611 
463 

411 

310 

267 

Quantum yield data and evaluations 

Quantum yields 

tPs 0.99 ± om 
tPs = 1.00 ± 0.05 
tP, =0.1 
.p,(,,), .ps(v) 
.p,(<» 
.p, =0.1 
tPs(" =0-3) 
1ft, = 0.15 -I: 0.02 
.ps fall-off 
.p, = 0.12 ± 0.02 

Commenfill 

Wavelength/nm 

248 
230-280 
274 
270-300 
600 
266 
266 
?dJl 

297.5-325 
266 

(a) Laser flash photolysis of 0 3 at 248 nm, O(,P) resonance 
absorption detection at 130 nm. Work superseded by ref. [5] 
(better time resolution). 

(b) Quantum yield determined by the use of the isotope 
exchange reaction CH'02 + 180eD). 

(c) Photofragment spectroscopy of ozone at 270-310 nm 
and 600 nm. At274nm, O(3p) atoms together with 02e.I -) are 
formed with a quantum yield of about 0.1, whereas OeD) is 
formed together with OlJ.g); 02e..r g-) is formed in all vibra­
tional states v = 0-10, 02eJ. g ) is formed 26, and 10%, respec­
tively. 

(d) High rcsolution photofral5ment /;pectrolicopy ofo;oom:: at 

266 nm giving <PI ~O.l. Relative yields for vibrational states of 

• J. Phyft. Chern. Ref. Data, Vol. 11, No.2, 1982 

Reference 

Amimoto. Foree, and Wiesenfeld, 1978 [1) 
Kajimoto and Cvetanovic, 1979 (2) 
Fairchild, Stone, and Lawrence, 1978 [3) 

Sparks et aI •• 1980 (4) 

Amimoto at <>I., 1980 [5] 
Brock and Walson, 1980 (6) 
Brock and Watson, 1980 (7) 

(a) 
(b) 
(e) 

(d) 

(ol 

(I) 
(g) 

oze.d g ) in" = 0,1,2, and 3 urc 57, 24,12,7%. 

(e) Laser flash photolysis of 0 3 at 248 nm, Oep) resonance 
absorption detection at 130 nm. Improved time resolution, su­
persedes ref. [1]-

(f) Laser flash photolysis of 0 3, OeD) detection by OeD) 
+ N20-2NO, NO + Or-+NOr + O2 chemiluminescence 

technique. This work supersedes earlier work by Philen, Wat· 
son, and Davis [8]. Results confirm tP5 data preferred in ref. [9] 
for the range 297.5-311 nm; however, they give a considerably 
larger long wavelength tail of tPs in the range 311-325 nm. The 
normalization of relative quantum yields tPs in the range 260-
300 nm is still controversial, a decrease from <P5 = 0.96 at 300 
nm to tP5 = 0.88 at 266 nm being possible. However, tPs = 0.88 
for the whole range 266-304 nm cannot be ruled out. 

(g) Laser flash photolysis of 0 3 at 266 nm. Oep) detection 
by resonance fluorescence . 



KINETIC AND PHOTOCHEMICAL DATA FOR ATMOSPHERIC CHEMISTRY 361 

Alnm 

119.8-120.5 
129.9-130.7 
139.9-140.8 
149.2-151.5 
158.7-161.3 
169.5-172.4 
178.5-180.2 
188.7-190.5 

-A Inm " 

410 
420 
440 
460 
480 
500 
520 
540 
560 

JI./nm 

304 
306 
308 
::no 
312 

A Inm 

250 
260 
270 
280 
290 

1019q / em2 

184 
124 
71.7 
36;9 
12.0 
8.17 
7.86 
5.31 

Wavelength/urn 

248-266 
250-300 
304 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
316 
304 
306 
308 
310 
312 
314 
316 
318 
320 

Preferred Values 

Absorption cross sections I\t298K 

A/nm 10
19o-Iem 

198.0-200.0 3.30 
208.3-210.5 4.84 
219~8-222.2 19.7 

" 229.9":232.6 48.3 
238;1.;.241.0 79.7 
246.9-25();0 III 
259.7-'263.2 103 
266.7-270.3 82.3 

1023q fcm2 Jl./nm 

2.91 580 
3.99 600 

12.5" 620 
35.7 640 
71.1 660 

122 680 
179 700 
288 720 
388 730 

1019q/em2 A Inm 

2.32 314 
1.77 316 
1.28 318 
0.990 320 

0.757 

Temperature coefficient of absorption cross sections 

0(214 K)/o(300 K) 

0.98 
0.99 
0.97 
0.96 
0.94 

Quantum yields for 03 photolysis 

_ Quantum yield 

¢s = 0.88, ¢I = 0.12 

"'I + "'S = 1, ",,;;'0.88 
¢s = 0.99 

0.90 
0.80 
0.55 
0.35 
0.25 
0.15 
0.10 
0.07 
0.04 
0.02 

o 
1.00 
0.96 
0.83 
0.56 
0.31 
0.15 
0.06 
0.03 
0.00 

A fnm 

300 
:310 
320 
330 
340 

Alnm 

277.8-281.7 
289.9-294.1 
298.5":303.0 
310 
320 " 
330 
340 
350 
360 

1019q/em2 

39.9 
11.4 
3.69 

see below 
see below 
0.0778 
0.0171 
0.00266 
0.00055 

1023q lcm2 

455 
489 
390 
274 
207 
137 
91.3 
64.0 
51.4 

1019q/en? 

0.617 
0.456 
0.340 
0.315 

0(214 K)/o(300 K) 

0.91 
0.88 

0.73 
0.86 
0.86 

Temp.lK" 

200-300 
200-300 

235 
235 
235 
235 
235 
235 
235 
235 
235 
2.35 
233 
2as 
235 
29A 
29H 
2lJI! 
2911 
2'JH 
291l 
298 
290 

J.Phys. Chem. Ref. Data, Vol. 11, No. 2,1982 
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Comments on Preferred Values 

Absorption cross sections are unchanged from CODATA,1980 
[9] except for the new details in the range 304-320 nm which 
are from ref. [10]. The quantum yields for 235 K in the range 
304-316 nm are unchanged from CODATA, 1980 [9]. For 298 
K, tPs = 0.88 ± 0.03 appears to be well established for wave­
lengths 248-266 nm. However, it remains to be confirmed that 
¢s increases with increasing wavelengths to values near unity at 
4 = 300 nm. The preferred values given refer to a normaliza­
tiun uf rfs = 1 at A = 300 nm. The given values of ¢s in the 
range 304-312 nm are averages of the results from refs. [6], 
[11], and [12], the values at 314-320 are averages from refs. 
rIll and [12]. The tail of the tP5 ClITVP. oh~p.rvp.tJ in ref [6] for 
4>312 nm needs further substantiation. and is not included in 
the preferred values. 

There have been several recent investigations (see, e.g., 
refs. [13]-[15J) of absorption spectra in the range 250-350 nm 
due to nascent Ot formed during the recombination reaction 
o + 02"--+0:. These spectra are considerably broader than the 
Hartlp.y continuum; at 250 nm, q is muoh bolow the normal 0 3 

value. These spectra have been shown to be due to vibrationally 
excited 0: and not to electronically excited 0 3 (e.g., ref. [15)). 
High temperature spectra of 0 3 show a similar broadening of the 
Hartley continuum, see ref. [16]. With the known rates of vibra­
tional deexcitation one estimates only negligible contributions 

of such spectra to the 0 3 photolysis under atmospheric condi­
tions. 

References 
[1] Amimoto, S. T., Force, A. P., and Wiesenfeld, J. R., Chern. Phys. Lett. 60, 

40 (1978). 
[2] Kajimoto, Y., and Cvetanovic, R. J., Int. J. Chern. Kinet. 11, 605 (1979). 
[3] Fairchild, C. E., Stone, E.J., and Lawrence, G. M.,J. Chern. Phys. 69, 3632 

(1978). 
[4] Sparks, R. K., Carlson, L. R., Shobatake, K., Kowalczyk, M. L., and Lee, Y. 

T .. 1. Chern. Phys. 72. 1401 (1980). 
[5] Amimoto, S. T., Force, A. P., Wiesenfeld,J. R., and Young, R. H.,]. Chern. 

Phys. 73,1244 (1980). 
[6] Brock, J. C., and Watson. R. T., Chern. Phys. 46, 477 (1980). 
[7] Brock, J. C., and Watson, R. T., Chern. Phys. Lett. 71,371 (1980). 
[til "hilen, V. L., Watson, R. T., and Davis, D. D., J. Chern. Phys. 67, 3316 

(1977). 
[9] CODATA Task Group on Chemical Kinetics, Baulch. D. L., Cox, R. A., 

Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9,295 (1980). 

[10] Moortgal, G. K. and Warneck, P., Z. Naturforschg. 30a, 835 (1975). 
[Il] Arnold, I., Comes, F. J., and Moortgal, G. K., Ch~m. Phys. 24,211 (1977). 
(l2) Moortgal. G. K., Kudszu$, E., and Warneck, P.,J. Chern. Soc. Far. Trans. II 

73, 1216 (1977). 
[13] Hochanadel, C. J., Ghormley, J. A., and Boyle, J. W., J. Chern. Phys. 50, 

418 (1969). 
[14] Bevan, P. 1. T., and Johnson. G. R. A., J. Chern. Soc. Far. Trans 169. 216 

(1973). 
[1:5) Kleindienst, T., Burkholder, J. B., and Bair, E. J .• Chern. Phys. Lett. 7U. 

117 (1980). 
[16] Astholz, D. C., Croce, A. E., and Troe, J., J. Phys. Chern. 86, 696 (1982). 

5.2. Hydrogen Compounds 

H + 03~HO + 02 (1) 
~H02+0 (2) 

LlHO(I) = - 321.7 kJ mol-I 

LlHO(2) = - 101.0 kJ mol-I 

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

Branching Ratio 

k2f k = 0.2-0.3 
k2f.h;;;0.03 
k2 fk-:::::.0.4 
k2fh;;0.02 

Reviews and Evaluations 

1.4 X lO-1O exp( 470fT) 
1.4X 10- 10 exp( - 480fT) 
1.4X 10- 10 exp( 470fT) 

Comments 

Temp./K 

299 
-298 

295 
298 

200-300 
220-360 
200-300 

(a) Discharge-flow system; [Oep)] monitored by resonance 
fluorescence; [HO] measured indirectly from known [H] and 
[03]. 

(b) Discharge-flow system; [HO] and [H02J monitored by 
laser magnetic resonance. 

(t,) Pulsed laser photolysis of 0 3 at 248 nm; H generated by 
()( II)1j Jl ]·-.110 + H; rH] and [0] monitored by time-resolved 

,J. P"YB. Chom. RClf. Data, Vol. 11, No.2, 1982 

Reierence 

Finlayson-Pitts and Kleindienst, 1979 [1] 
Howard and Finlayson.Pitts, 1980 [21 
Force and Wiesenfeld, 1981 [3] 
Finlayson·Pitts et aI., 1981 [4] 

NASA, 1979 [5] 
CODATA. 1980 [6) 
NASA, 1981 [7] 

resonance absorption spectroscopy. 

Comments 

(0) 
(b) 

(c) 
(d) 

(d) Similar experimental technique to comment (a) but with 
[HO] monitored by resonance fluorescence. 

Preferred Values 

k = 2.BX 10- 11 em3 molecule-I S-1 at 298 K. 
k = 1.4 X 10- 10 exp( - 480fT) cm3 molecule-I S-I 

over range 220-360 K. 
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Reliability 

.:i log k = ± 0.2 at 298 K . 

.:i (E / R ) = ± 100 K. 

Comments on Preferred Values 

The preferred values are unaltered from the CODATA, 
1980, evaluation [6]. 'The high values of the branching ratio, 
k21k = 0.2-0.3, urigiually n:pUl"lt:u Ly.FilllaJ'Sull.Pitt::; anu 

Kleindienst [1] on the basis of the yieldsofOeP) atoms, were 
subsequently shown to be erroneously interpreted, by the ex· 
. periments of Howard and Finlayson.Pitts f21. which attempted 
to directly monitor the yields of H02• This latter study produced 
an upper limit of k2/ k <0.03. A more recent report by Force and 
Wiesenfeld [3] suggests that the branching ratio, k2/ k, could be 
as high as 0.4. This latter study, however. takes no account of 
the high level of vibrational excitation in the HO radicals gener­
atedin the system; which can lead to the formation of Oep) 

Branching Ratios . 

'k.~.lk ::::.:0.07 
k.~ 4lk ::::.:0.09 
k.=slk ::::.:0.10 
k._6/k <0.11 
k'_T /A·.-Oll 

k._·8/k =:' 0:23 
k._ 9 ,k = 0.28 

Comments 

... 298 . 

-298 
'"",298 

-298 
-298 

-298 
-298 

(a) Flow system; HO* monitored by Fourier transform in­
frared spectroscopy. 

Preferred Values 

ko = 3 = 2.0 X 10- 12 cm3 molecule - I S -I at 298 K. 
ko = 4- = 2.5 X 10- 12 cm3 molecule -I 5 - 1 at 298 K. 
kO =5 =2;8XI0- 12 cm3 inolecule- 1 5-1 at298K. 
kV =6 <:;3.1 X 10-12 cm3 molecule-I 5- 1 at 298 K. 
k.; = 7 = 3.1 X 10- 12 cm3 molecule -I 8- 1 at 298 K. 
kO =8 = 6.4X 10- 12 cm3 molecule-I S-I at 298 K. 
1;.=9 = 7.8XIO- 12 cm3 molecule-I S-I at 298 K. 

Reliability 

..:i 'log k = ± 0.3 at 298 K. 

atoms via reactions with Hand 0 3 [4]. We have accepted the 
findings of Howard and Finlayson-Pitts et.al. [2,4]. which essen· 
tially confirm that reaction (2) can be neglected. . 

Referen~es 

[1) Finlayson.Pitts. B. J •• andKleindienst,T. E., J. Chem. Phys. '70, 4804 
(1979) ... ' 

[2) Howard, C. J .• and Finlayson.Pitts. B.J .• J. Chem. Phys. 72, 3842 (1980). 
(3) Force, A. P.,and Wiesenfeld. J. R., J."Chem. Phys. 74,'1718 (ll1IH). 
[4) Finlayson.Pitts. B~l, Kleindienst, T. K. Ezell, M.J.,and Toohey, D. W .• J. 

Chern. Phys. 74, 4533 (1981).' . .' 
[5) NASA Ref. Pub!: 1049, "The Stratosphere: Present and Future," R. D • 

Had.oll and E, I. Reed, editor. (1979). 
[6] CODATA Task Group on Chemical Kinetics, Baulch, KL., Cox,~. A., 

Hampson, .R. F., Jr., Kerr, J. A., Troe; J .• and Watson, R. T .• J. Phye. 
Chem. Ref, Data 9, 295 (1980). 

[7].NASA Panel for Data Evaluation, '~Chemical Kinetic and Photochemical 
Data for Use in Stratospheric Modelling," DeMore, W. B., Stief, L. J., 
Golden. D. M., Hampson, R. F .• Jr., Kurylo, M. J., Margitan, J. J .• 
Molina. M. J., and Watson, R. T., JPL Pub!. 81-3 (1981). 

Comments 

Charters, Macdonald, and· Polanyi, 1971 [1] (a) 

Comments on Preferred Values 

The preferred rate constants for the formation of HO* in 
vibrational levels up to IJ = 9 have been derived from the 
branching ratios listed above and the total rate constant of the 
reaction H + 03-+HO* + O2 at 298 K, i.e., k = 2.8 X 10 - II 

cm3 molecule -I s -I (CODATA Evaluation). The branching ra­
tios were calculated from the relative rate constants for the for­
mation of HO· in the different levels IJ, i.e., k (\! = 3)~O.26. 
k {IJ= 4)~0.33,k (IJ = 5)~0.36, . k (v == 6) < 0.4, k (v "'" 7) 
~O.4, Ie (IJ 8)~0.8, and k (v 9) 1.00, as meol,\uret! by 
Charters, Macdonald, and Polanyi [1]. We have as~ullll.'!d negli. 
e;ihle formation of HO· in levels <, - 0 to 2. 

Refe,.nee. 
[I) Charters, P. E., Macdonald, R. G .• and l'olulI)l. J. C •• AI)pl. OJ't. 10. 1747 

(1971). 
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ilHO = 7.8 kJ mol-! 

Rate coefficient data 

k/cm3 molecule- I S-I 

Absolute Rate Coefficients 

(0.88 ± 0.50)X 10- 11 exp« - 4200 ± 240)IT} 
6.7Xl0- 18 

(0.83 + 0.38) X 1O- ll
(( - 433() ± 240)lT) 

4.1Xl0- 18 

(5.2 ± 0.8)Xl0- 11 exp« 4950 ± 300)/T) 
3.2X 10- 18 

RevIews and l!;valuations 

3.0X 10-14 Texp( - 4480/T) 
1.6 X 10- 11 exp( - 4570/T) 

Comments 

Temp'/K 

347-742 
298' 
49S-R32 

298" 
363-490 
298" 

400-2000 
350-830 

(a) Discharge-flow system; 0 generated from 
N + N0-4N2 + 0 and [0] monitored by air afterflow tech­
nique; kinetic analysis involves additional reactions 
o + HO-+02 + Hand HO + H2-+H20 + H. 

(b) Same system as in comment (a) but with [0] monitored 
by atomic resonance fluorescence. 

(c) Discharge-flow stirred-reaction system; 0 generated 
from N + NO""""rN2 + 0 111 .. .1 [0] monitored by air afterglow 
technique. 

(d) Evaluation of literature data over temperature range 
347-832 K, but not including data of Campbell and Handy, 
1975 [2]; data obtained from a weighted least-mean-squares 
analysis of literature rate coefficients. 

Preferred Values 

k = 3.5 X 10- 18 cm3 molecule -1 s -1 at 298 K. 
k = 1.6x 10- 11 exp( - 4570/T) over range 298-830 K. 

Reference 

Dubinsky and McKenney, 1915 U) 

Dl1hin.kyand MoKenney, 1975 [1] 

Campbell and Handy, 1975 [2) 

Baulch et aI., 1972 [3) 
Dubinsky and McKenney, 1975 [1] 

Reliability 

..1 log k = ± 0.3 at 298 K. 

..1 (E I R ) = ± 500 K. 

Comments on Preferred Values 

Comments 

(a) 

(b) 

(e) 

(d) 

This reaction is very slow and consequently there have 
been few measurements of the rate coefficient at temperatures 
below 350 K. The analysia of the eonside£able Iite£ature data 

over the range 350-830 K by Dubinsky and McKenney [1] is 
selected as the basis of our preferred values. We have recom­
mended the use of the Arrhenius expression derived by Du­
binskyand McKenney down to temperatures of 250 K, with the 
inclusion of reasonably wide error limits. 

References 
[I] Dubinsky, R. N., and McKenney, D. J., Can. J. Chern. 53, 3531 (1975). 
[2] Campbell, I. M., and Handy, B. J.,J. Chern. Soc. Faraday Trans. I 71,2097 

(1975). 
[3) Baulch, D. L., Drysdale, D. D., Horne, D. G., and Lloyd, A. c., Evaluated 

Kinetic Data for High Temperature Reactions, Vo!' 1: Homogeneous 
Gas Phase Reactions of the H2·02 System, Butterworths, London 
(1972). 

O+HO-----lo-Oz+H 
JHO = -70.2 kJ mol- I 

k I em' molecule 1 s I 

Absolute Rate Coefficients 

(3.8± 0.9) X 10- 11 

(2.01 ± 0.18)X 10- 11 exp«1l2 ± 29)1T) 
(3.1 ±0.8)XI0- 11 

(6.65 ± 0.23) X 10- 10 T(-o.sO ±O.12' 

(3.53 ± 0.31)X 10- 11 

Reviews and Evaluations 

4.0XlO- ll 

3.8X1O- 11 

2.3XIO- ll exp(llO/T) 

Temp.lK 

298 
221-499 
298 
250-500 
300 

200-300 
2Qil 

200-300 

J. Phys. Chern. Ref. Data, Vol. 11, No.2, 1982 

Rate coefficient data 

Reference 

Howard and Smith, 1980 [1] 
Lewis and Watson, 1980 [2) 

Howard and Smith, 1981 [3] 

NASA, 1979 [4) 
CODATA, 19BO [5J 
NASA, 1981 [6] 

Comments 

(a) 
(b) 

(a), (e) 
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Comments 

(a) Discharge-flow system; generation of 0 from N + NO; 
<:ombined with flash photolysis of H20 and resonance fluores· 
<:ence measurement of [HO]. 

(b) Low-pressure discharge-flow system; generation of 0 
from Oz discharge an HO from H + NOz; resonance fluores­
(:ence measurement of [HO]; alternative rate expression given 
by authors: k (2.37 ::: ,\:~t) X 10 -10 X T (0.362 ± 0_072) 

em3 molecule - 1 S - 1. 

(c) The rate coefficient at 300 K includes the previous data 
of ref. [Il. 

Preferred Valuell 

k = 3.3 X 10- 11 cm3 molecule - 1 S -1 at 298 K. 
k = 2.3X 10- 11 exp( + llOIT) cm3 molecule- I 

5-
1 

over range 220-500 K. 

Reliability 

Lllog k = ± 0.15 at 298 K. 
41 (E I R ) = ± 100 K. 

41H·= 220.7 kJ mol-I 

Comments on Priferred Values 

There is good agreement between the data of Howard and 
Smith [1) and of Lewis and Watson r2]. The preferred values 
have been derived from a rounded·offleast-mean-squares treat­
ment of the rate coefficients of these two most recent studies. 

References 

[1] Howard, M.]., and Smith, L W. M., Chern. Phys. Lett. 69, 40 (1980). 
[21 Lewis, R. 5., and Watson, R. T., J. Phys. Chern. 84,3495 (1980). 
[3] Howard, M. J., and Smith, L W. M., J. Chern. Soc. Faraday Trans. II 77,997 

(1981). 
14] NASA Ref. Pub!. 1049, "The Stratosphere: Present and Future," R. D. 

Hudson and E. J. Read, editor~ (1979). 
[5] CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., 1. Phys. 
Chern. Ref. Data 9, 295 (1980). 

! 6] NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 
nMt1 for TJc::./;!' in ~tr'to;;.rh""'ri,", Mod ... l1ine;." D~Mo"E', W R, ~tlPf, T _ 1 , 

Golden, D. M., Hampson, R. F., Jr., Kurylo, M. J., Margitan, J. J., 
Molina, ~. J., and Watson, R. T., JPL Publ. 81-3 (1981). 

Rate coefficient data 

Absolute Rate Coefficients 

(4.2 ± 1.2) X 10- 11 

(7 ± 2):><: 10-" 

Relative Rate Coefficients 

(2.8 ± 1.4) X 10- 11 

Reviews and Evaluations 

4.0XlO- 1I 

Comments 

Temp.lK 

298 
298 

298 

200-300 
298 
200-300 

(a) Discharge-flow system; 0 from microwave discharge of 
O2; [0] monitored by ESR; H02 from H + O2 + M or from 
F + H2 0,,: [HOd ancl [HO] monitored hy LMR; rate coefficient 

is the average from two systems: (a) [0]>[H02l, 
k = (4.2 ± l)X 10- 11 cm3 molecule-I S-

I (corrected to allow 
for more recent data on the HO + HZ0 2 reaction) and (b) 
lOj«lH02J, k = (4.1 ± 1.5) X lO-ll cm3 molecule- 1 8-'. 

(b) H02 generated by electron pulse radiolysis of H2 in 
presence of O2; [H02] monitored by absorption at 265 nm; rate 
coefficient derived from kinetic model involving ten reactions. 

(c) Same experimental system as described in comment (a); 
ratiok Ik (0 + HO) = 0.86 ± 0.4 determined by measuring the 
stationary [HO], and rate coefficient calculated taking 
k(0+HO)=3.3XIO- 1I cm3 molecule- l s- 1 at 298 K. 
(CODATA Evaluation). 

Reference 

Hack et aI., 1979 [11 
LB, Sauer, and Gordon, 1980 [2] 

Hack "t aI., 1979 [l J 

NASA, 1979 [3] 
CODATA, 1980 [4] 
NASA, 1981 [5] 

Preferred Value 

Comments 

(a) 
(b) 

(e) 

k 3.7X 10- 11 cm3 molecule-I S-I at 2IJB K. 

Reliahility 

LI log k ± 0.3 at 298 K. 

Comments on Pr~fem~d fifdlJ" 

The preferred r;llc' l'IIl'Hil,j'"JlI;1\ :~IJH r.. I'". ,1"(· ,1\/'1,'1)'.1'1.-0111 

the threl' ,j"\t'flll illal i",,, "I II;,,-~ ,-I ;,1 _II I TI", I" ,'1'''''' . .1:11:1 "I 

Burro\-\' ('1 ill.~ 1('1 :11".' llil 1.",;'.1" :111~'III:tI:\ "/111',1, ... 1"111, (~\\iIlV, II. 

tl.t' t'hall~I' ill 1111' l'I"!"IITd \;11111" fiJI 'II!' l:tll' nwlli.'j(,111 of Ill!' 

n'f<'l""'''''' r,-;,..I j, ,,-_ I II) I Il.i) _ 1"1,.., ,-,-,·,,1 .1;11:1 "I 1.1, ,-I :11 .. 1:21 
"I<' I illl,I,·" ;",,1 \ ,'1\ 111<1" ",-\. 
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Rate coefficient data 

k lem3 molecule-I s-I 

Absolute Rate Coefficients 

(2.75 ± 0.41)X 10- 12 exp( (2125 ± 261)IT) 
2.2X10- 1S 

Reviews and Evaluations 

2.8X 10- 12 exp( - 2125/T) 
2.7x 10- 12 exp( 21001T) 
2.8;><: 10 12 exp\ :'::ll1.z,!1') 

Comments 

Temp.lK 

283-368 
298 

200-300 
283-368 
200-300 

(a) 0 from laser flash photolysis of 0 3 at 600 nm; [0] moni­
tored by resonance fluorescence spectroscopy. 

Preferred Values 

k = 2.3 X 10- 15 cm3 molecule -1 s -I at 298 K. 
A ~ l.OXlO- 11 

tlXp( 25001T) cm3 molecule-I 5-
1 

over range 250-370 K. 

Reliability 

iJ log k = 0.3 at 298 K. 

iJ (E I R ) = ± 1000 K. 

Comments on Priferred Values 

There have been no new data reported on this reaction and 
the preferred values are still based on the work of Davis, Wong, 

,I. Phy". Chllm. Rof. Data, Vol. 11, No.2, 1982 

Reference 

Davis, Wong, and Schiff, 1974 [1] 

NASA, 1979 [2] 
CODATA, 1980 [3] 
NASA, 1981 [4] 

Comments 

(a) 

and Schiff [1]. Since, however, the experimentally determined 
A·factor [1] is low in relation to those of other atom-molecule 
reactions we have obtained the preferred temperature coeffi­
cient from an estimated A-factor and the experimental rate coef­
ficient at 298 K. In the absence of evidence to the contrary, we 
have disregarded any contribution from the possible second 
channel 0 + H20 2-+02 + H:~O. 

R.,fvnmc;vlii 
[2] Davis, D. D., Wong, W., and Schiff, R., J. Phys. Chern. 78, 463 (1974). 
[2J ~ASA Ref. Pub!. 1049, "The Stratosphere: Present and Future," R. D. 

Hudson and E. I. Reed. editors (1979). 
[3] CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9,295 (1980). 

[4] NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 
Data for Use in Stratospheric Modelling," DeMore, W. B., Stief, L. J., 
Golden. D. M .• Hampson, R. F., Jr., Kurylo, M. J., Margitan, 1. J., 
Molina, M. J., and Watson, R. T., JPLPubl. 81-3 (1981). 
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O(1D) + H~HO +H (1) 

..::1HO(l) = - 181.4 kJ mol- 1 

..::1HO(2) = - 189.2 kJ mol- 1 

~O(3P) + H2 (2) 

R .. ", C<Jefficieul oJ"", (k = k, -t- kil 

(11.8 ± l.2)XlO- Jl 

. Reviews Bnd Evaluations 

9.9X10- 1J 

2.0XlO-10 

9.9X10- 11 

Comments 

Temp.IK 

297 

200-300 
200-350 
200-:300 

(a) Laser flash photolysis of 0 3 at 266 nm; rate of formation 
of Oep) monitored by laser resonance fluorescence. 

Preferred Value 

k = 1.1 X 10- 10 cm3 molecule- 1 S-1 over range 200-
350K. 

Reliability 

..::11ogk = ± 0.15 at 298 K. 

..::1 (E / R ) = ± 100 K. 

.. ' Comments on Preferred Value 

Whereas the previous CODATA evaluation [3] was based 
on an average of the data of the Cambridge Laboratory [5,6] and 
the NOAA Laboratories [7], the recent studies on the reactions 
of O( 1 D) with atmospheric gases [1,8,9] have supported the find­
ings of the NOAA Laboratories [7]; The preferred value is a 

Reference 

Wine and Ravishankj\ra, 1981 [I] 

NASA,197912] 
CODATA, 1980 [3] 
NASA,198114] 

(a) 

rounded·off average of the results of Davidson et a1. [7] and of 
Wine and Ravishankara (11. 
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Chern. Ref. Data 9, 295 (1980). 

[4) NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 
Data for Use in Stratospheric Modelling," DeMore, W. B., Stief, L. I., 
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0(1D) + H20---~2HO (1) 

..:1W(l) = -- 118.7 kJ mol- l 

..:1HO(2) = -- 196.59 kJ mol-I 

LJ.HO(3) = -- 189.2 kJ mol-I 

-.H2 + O2 (2) 
-+O(3P) + H20 (3) 

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

!: 1 cm3 molecule -- I S - 1 

Absolute Rale Coefficients 

(L95 ± O.3)x 10- 10 

(2.6 ± 0.5)X 10- 10 

(1.95 ± 0.2)X 10- 10 

Branching Ratios 

1:,1 k = 0.14 ± 0.04 
1:311: = 0 
k21kl = 0.01 :~::!~II!l 

Reviews and Evaluations 

2.3XlO- 10 

2.8XlO- IO 

2.2XlO- 10 

Comments 

Temp.lK 

295 

300 
298 

295 
295 
298 

200-300 
200-350 
200-300 

(a) Pulsed laser photolysis of 0 3 at 248 nm; Oep) moni· 
tored by time-resolved atomic resonance absorption spectrosco· 
py. 

(b) Pulsed laser photolysis of O2 at 160 nm; 0('0) moni· 
tored directly by absorption at 630 nm and indirectly by 
02e.E g+ -,,?I g-) emission at 720 nm. 

(e) Laser flash photolysis of 0, at 266 nm; rate of formation 

of Oep) monitored by resonance fluorescence. 
(d) Repeat of experiments of ref. [1] with improved high­

speed detection electronics; previous data were derived on the 
assumption that 4>1 = l.0 for 0 3 + 248 nm....,..OeD) + O2, 
whereas 4>1 is < unity (4)1=0.85 at 248 nm). 

(e) Flash photolysis of 03/H20/He mixtures; rate coeffi· 
cient ratio determined by direct measurement of yields of HL 
and HO (resonance absorption). 

Preferred Value 

k=2.3XIO- 1O cm3 molecule- 1 s- 1 over range 200-
350 K. 

Reliability 

..:1 log k = ± 0.1 at 298 K. 
A (F. / R ) = ± 100 K 

J. Phyn_ ChOffi_ Rel_ Data, Vol. 11, No.2, 1982 

Reference 

Amimoto at ~l., 1979 [l] 

Lee and Slanger, 1979 [21 
Wine and Ravishankara, 1981 [3J 

Amimoto et aI., 1979 [1 J 

Amimoto et aI., 1980 [4J 
Zellner, Wagner, and Himme, 198015] 

NASA, 1979 [6J 

CODATA, 1980 [71 
NASA. 19R1 [R] 

Comments on Preferred Value 

Comments 

(a) 

\b) 
(c) 

(a) 

(a), (d) 

(e) 

The preferred rate coefficient at 298 K is an average of the 
data of Amimoto et a!. [1], Lee and Slanger [2], Wine and Ravi· 
::.hankala [3) and of Streit et Ill. [9], which llre 1111 in reasonable 

agreement. The earlier data of Heidner et al. [10] are now reject. 
ed. The temperature dependence observed by Streit et al. [9] is 
accepted here. 
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HO + H2~H20 + H 

369 

.!JHO = - 62.8 kJ mol-I 

Rate coefficient data 

k Icm3 molecule-I ,-I 

Absolute Rate Coefficients 

4.12X 10-.9 1'2 ..... exp( - 12SlIT) 
(6.08 + 0.37) X 10- 15 

(4.9 ±-0.5) X 10- 12 exp(( 1990 ± 340)IT) 
(:i.64 ± 0.(0)X 10-1< 

1.83 X 10-15 T':3 exp( - 1835/n 
1.2 X 10-" exp( Z2001T) 
1.8XlO-· 1 exp( 2330/1') 
1.2XIO- 11 exp( - 2200/T) 

Comments 

Temp.lK 

298-992 
298 
250-400 
295 

250-3000 
ZOO-300 

210-300 
200-300 

(a) Fla~h photoly~ig of H20 with re~nn"'nr.e flllore~r.enr.e 

monitoring of [HO]. 

Preferred Values 

k = 6.7X1O- 15 cm3 molecule-I S-I at 298 K. 
k = 7.7X 10- 12 exp( - 21001T) cm3 molecule- 1 S-I 

over range 200-450 K. 

Reliability 

.!J log k = ± 0.1 at 298 K. 

.!J(EIR)= ±200K. 

Comments on Priferred Values 

The recent measurements of Ravishankara and co-workers 
[1,2) are in good agreement with previous data for this reaction. 
The preferred rate coefficient at 298 K is the mean of these new 
data [1,2] arid of the data of Stuhl and Niki [7], Westenberg and 
de Haas [8], Smith and Zellner [9], and Overend et al. [10], and 
Atkinson et al. [1 n Since the measured rate coefficients are not 
published in reference [9] it is not possible to carry out a least­
mean-squares treatment of all the data to obtain the temperature 

1JH" -70.6 kJ mo)-I 

Reference 

Tully and Ravishankara, 1980 [1] 

!lavishankara et aI., 1981 [2] 

Collt'n and Westberg, 1979 [3] 
NA:-iA, 1979 (4) 

COnATA, 1980 [5] 
NASA. 1981 [6] 

Comments 

(a) 

(a) 

coeffident. The preferred value of E IRis the mean of the data of 
Smith and Zellner [9]. Atkinson et al. [11] and Ravishankara et 
al. (2). The preferred A·factor is calculated from the preferred 
rate coeffident at 298 K and the preferred value of E / R. 
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Rate cocJfj"I<,nt data 

k moleoule -1 c - 1 

Absolute Rate Coefficients 

(1.7 ± 0.2)X 10- 12 

Reviews and Evaluations 

lXlO- 1l exp( - 5001T) 
1.8 X 10- 12 

4.5X 10- 12 exp( - 275/T) 

298 

200-300 
298 
200-300 

.'!\:;~. 1 "~'" I:' I 
co iJ .\ 'L\. / "1'11 I ::! 
.\ '\.'>\. /'>1'./ 1/1 

, 11/111111"11[', 
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Comments 

(a) Dischargc.f1ow system; HO generated by H + N02 and 
Illoni tored by resonance fluorescence. 

(b) Based on a re-evaluation of data of refs_ [5-8]. 
(c) Mean of results from refs. [5-13]. 
(d) Based on average of data from refs. [5-7] and [13] with 

T dependence from ref. [13]. 

Preferred Value 

k 1.8 X 10- 12 cm3 molecule -1 s -1 at 298 K. 

Reliability 

.d log k ± 0.15 at 298 K. 

Comments on Preferred Value 

The recent measurements of Farquharson and Smith [1] 
are in excellent agreement with the previous CODATA evalua­
tion [3] of the preferred rate coefficient at 298 K, which is ac­
cepted here. The temperature coefficient of this reaction still 
needs tv Lc:: mc::a"ured. 

A.H· = - 291.3 kJ mol- 1 

References 

[1) Farquharson, G. K., and Smith, R. L., Ausl. J. Chern. 33, 1425 (1980). 
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[Il] Wilson, W. E., and O'Donovan, J. T., r Chern. Phys. 47, 5455 (1967). 
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Rate coefficient data 

k fem3 molecule-I S-I 

(9.9 ± 0.12)X 10- 11 

(11.6 ± 2.5)X 10- 11 

(6.2:!:~:e)XlO-1l 

(6.4 ± l.S)X 10- 11 

Reviews and Evaluations 

4.0xl0- 11 

3.SXlO- ll 

4.0XlO- 11 

Comments 

Temp.lK 

308 
298 
288-348 

299 

200-300 
298 
200-300 

(a) H02 generated by electron pulse radio lysis of H2 in 
presence of O2; [H02 ] and [HO) monitored by absorption at 230 
and 308.7 nm, respectively; rate coefficient derived from com­
pnter mo..-le1ing of mel)hllnism consisting of 14 elementary reac­

tions. 
(b) H02 generated by flash photolysis of H20 in an atm of 

CO containing 2% O2; [HOz] monitored by absorption at 220 
nm; rate coefficient obtained from computer fit of proposed 
mechanism. 

(c) Pulsed photolysis of 0 3, H20, O2, N2 (He) mixtures at 1 
atm; [HO] and [H02] monitored by molecular modulation ultra­
violet absorption spectrometry at 308.2 and 210 nm, respective­
ly; rate coefficient obtained by computer simulation of data. 

(d) Discharge-flow system at 1 Torr total pressure; reso­
lIa n ce flllores(:ence monitoring of [H 0] under pseudo first-order 

.J. f'hVII. Chern. Ref. Data, Vol. 11, No.2, 1982 

Reference Comments 

Lii et ai., 1980 (1] (a) 

Hochanadel, Sworski, and Ogren, 1980 !2J (b) 
DUl:1VW;:', eVA, am) Dt:lWC;:;I1L, 1981 [3] (e) 

Keyser, 1981 [4] (d) 

NASA, 1979 [5J 
CODATA, 1980 [6] 
NASA, 1981 [7] 

conditions; [H02]>[HO]; HO generated from F + H20 (and 
other sources); H02 generated from F + HZ0 2 and measured by 
conversion to HO; secondary reactions of 0 and H atoms were 
shown to be unimportant. 

Preferred Value 

k = 8X 10- 11 cm3 molecule-Is- I at 298 K. 

Reliability 

.d log k = ± 0.3 at 298 K. 

Comments on Preferred Value 

Despite several recent attempts to study this reaction there 
have been no really definitive measurements of the rate coeffi-
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cient owing to the considerable difficulties in devising experi­
ments to produce and monitor H 0 and H O2 radicals in a "clean" 
system_· . . 

The previous relative. rate coefficient measurements of 
Burrows eta1. [8], which yieldedk / k (HO+H20i) = 63.6, now 
give b= 1.1 X 10 -10 cm 3 molecule- 1 s -1 at 298 K,in the light 

of . the new recommendation k (H 0 + H;lOZ) = 1.7 X 10-12 

c.:n3 molecule - 1 ~ -1 at 298K. this. revised rate. coefficient of 

the reaction, HO + HzOz-+HzO + HOz, also affects the abso­
lute rate da~ of Haek et 0.1. [9) although to (In extent whioh is 

difficultto./lssess fr()m the data given by thes.e authors. 
Looking back at the data which .are listed in the previous 

CODATA evaluation [6], the measurements of DeMore· and 
T~chuikow-Roux, [10], Gianzerand·Troe, [11] and :QeMore, 

.. [12],. all yielded approximate rate coeffici~nts. The ,syst~m of 
Hochanadel et a1. [13] is very indirect. The ~ystem of Chang and 
Kaufman [14], recently re-invcstigated by Keyser {4], is also 

complex_ This latter study, however, brings the rate coefficient 
measured in the "low-pressure" region more in line with the 
"high-pressure" studies [1,2,3,10,13]. The recent measure­
ments of Lii et a1. [1], Hochanadel et al. [2J and Burrows et a1. [3] 

. are all derived indirectly from fairly complex systems. 
All the reported values of the rate coefficient which appear 

to be reasonable, within the experimen:tallimitations of the Val" 

ious systems, lie within the range 6 to 12XI0-·11 cm3 mole-

4HO == - 134.0 kJ mol- I 

cule -I S -1. A median value of 8 X 10- 11 cm3 molecule -1 S-:-1 

with an uncertainty of a factor of 2 is therefore recommended. 
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Rate coefficient data 

k lem3 molecule-' s-' 

. Absolute Rate Coefficients 

(2.51 ± 0.6) X 10-.2 exp« - 126 ± 76)IT) 
(L64 ± 0.32) X IO~'2 
(2.96 ± 0.50) X 10-12 exp{( - 164 ± 52)11) 
(1.69·± 0.26) XIO:- '2 . 

Relative Rate Coefficients 

1.65XlO- 12 

ReViews and Evaluations 

LOX 1O- ll exp(- 7501T) 
7.6X 10-12 exp( - 6701T) 
2.7 X 10- 12

. exp( - 145(T) 

Comments 

Temp.lK 

245-423· 
298 
250-459 
298 

293 

200-300 
200-700 
200-300 

(a) Discharge-flow system; [HO] monitored by resonance 
fluorescence; [H20Jdetermined photometrically at 199.5 nm. 

(b) Discharge-flow system; [HO] monitore~ by laser-in­
duced fluorescence; [H20 2J determined photometrically at 
213.9nm. 

(c) Discharge-flow system with LMR detection of H02 in 
study of reaction H02 + NO...,.HO + N02; lI02 gencrated fWIll 

F +HZ0 2; ratioklk (HOz + NO) =0.2 at 293 Kderived from 

Reference 

Keyser, 1980 [1] 

Sridharan, Reimann, and Kaufman, 1980 (2J 

Hack et al.;1981 [3] 

NASA, 1979 [4] 
CODATA, 1980 [5] 
NASA, 1981 [6] 

Comments 

(a) 

(b) 

(e) 

computer simulation of proposed mt:()huni~lII: k ellil:ullllm) frow 
k (H02 + NO) =8.4 X 10- 12 (1m3 molecule.!" 1 b'~ \ lit 29:1 I< 
(CODATA Evaluation), 

p,.terred Value. 

k = 1.7 X I (r' I~ em:! lI101(;eu)!! ,,·1 l\" 1 III 298 K. 
Ir: -= 2!)X 10-0/2 \'II.I'( - 160/T) ern'! molecule-01 e- 1 

over range 240-460 K. 

J. Phys. Chem. Ref. Data, Vol. 11, No.2, 1982 
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Reliability 

.d log k = ± 0.1 at 298 K. 

.d (E / R ) = ± 100 K. 

Comments 011- Preferred Values 

The preferred data were obtained from a rounded-off least­
mean-squares calculation on the rate coeffi('jent~ (If K ey",er [1] 
and of Sridharan et al. [2J, which are in good agreement. The 
much lower rate coefficients previously obtained by Greiner [7J, 
Hack et aL [8J and Harris and Pitts [9J are now believed to be in 
error, owmg to the regeneration in their system of HU radicals 
from the H02 product. 

.dHO - 171.2 kJ mol-I 
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[5] CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 
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Rate coefficient data 

Absolute Rate Coefficients 

(6.5± If)) X 10- 1' 

Relative Rate Coefficients 

(7.0 ± 0.8) X 10- 14 

Reviews and Evaluations 

1.6 X 10- 12 exp( - 940fT) 
1.9Xl0- 12 exp( -1000/T) 
L6XlO- 12 e.p( - 910/T) 

Temp.lK 

300 

300 

200-300 
220-450 
200,,300 

----""------.---~.-~-------

Cvmment5 

(a) Discharge-flow system; HO generated from H + N02 

and monitored by laser magnetic resonance. 
(b) Discharge-flow system; HO generated from H + N02 

and H + 03; H02 generated from H + O2 + M; [H02] and 
[HOJ monitored by laser magnetic resonance; k obtained from 
measuredratio,k Ik (H02 + 0 3) = 35 ± 4 (average of three sys­
terns studied) and taking k (H02 + 03) = 2.0 X 10- 15 cm3 mo­
lecule -1 s -I at 300 K (CODATA Evaluation). 

(c) Average of the data of refs. [5-9]. 
(d) Average of the data of lef",. [,'j,6] amI n;f::.. (O-lO]. 

(e) Unchanged from ref. [2J. 

Preferred Values 

k = 6.7 X 10- 14 cm3 molecule -I s -I at 298 K. 
k = 1.9 X 10- 12 exp( - 10001T) cm3 molecule- I 

S-1 

over range 220-450 K. 

Reliability 

Ll log k = ± 0.15 at 298 K. 
Ll (Ic' I R ) = ± 300 K. 
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Reference 

Z~hni.ar nnd Hownrd, 1980 [1) 

Zahniser and Howard, 1980 [1] 

NASA, 1979 [2] 
CODATA, 1980 [3] 
NASA, 1931 (4) 

Comments on Preferred "fi"alues 

Comments 

(a) 

(b) 

(c) 

(d) 
(c) 

The recent single temperature measurements of this rate 
coefficient by Zahniser and Howard [lJ are in excellent agree­
ment with the preferred values of the previous CODATA evalua­
tion in [3J which is accepted here. 
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HO*(v = n) + M~HO(v <n) + M 
Rate coefficient data. 

k fcm3 molecule- I s- I 

Absolute Rate Coefficients 

M=N, 
(-4 ,,;; O.78X 10- 13 

ko~' =2.1X1O- 13 

kod =5.0X10-!3 

ko~' = 5.5XlO- 13 

k.,~a =3.7XIO- 13 

k,,~" =(3.6±0.5)X10- I5 

=4.4XlO- I3 

M=02 
k'~4 = 1.4X1O- 13 

k,~, =3.2X1O- 13 

k,~ 6 = 7.3X }0-13 

ko _' = 7.BX 10- 13 

k,,_, = 5.4X 10- 13 

k"_9 =(LO±O.1)XIO- 1
' 

3.5XlO- 13 

M=H20 
k,_ I = (1.35 ± 0.50) X 10 11 

ko~9 = (2.0 ± 1.6) X 10- 13 

M=C02 

k'~9 =(2.4± 1.0) X 10- 14 

Comments 

Temp.lK 

-298 

-298 

-298 
-298 
-298 

-298 
-298 

-298 

-298 
-298 

-298 

-298 
-298 

-298 

~95 

-298 

-298 

(a) Low-pressure static system; chemiluminescence emis­
sion of HO* in the overtone bands in the region 550-R50 nrn. 

(b) Fast-flow system; measurements made of the rate of 
decay in the intensity of the 9-7 emission of HO*. 

(c) Fast-flow system; rate of decay of HO* measured by 
EPR spectroscopy. 

Preferred Values 

No recommendation/>. 

Reference 

Streit and Johnston, 1976 [lJ 

Worley, Coltharp, and Potter, 1972 [21 
Streit and Johnston, 1976 [1] 

Streit and Johnston, 1976 [l] 

Worley, Coltharp, and Potter, 1972 [2] 
Streit and Johnston, 1976 (1) 

Spencer and (..lass, lyn [3] 

Worley, Coltharp, and Potter, 1972 [2) 

Worley, Coltharp, and Potter, 1972 [2] 

Comments on Preferred Values 

Comments 

(a) 

(b) 

(a) 

(a) 

(b) 

(a) 

(c) 

(b) 

(b) 

All of the systems described above are complex. Additional 
work is clearly desired to resolve the considerable discrepancies 
in the published data, none of which can be recommended at 
present. 
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HO*(v = n) + 03~Products 
Rate coefficient data 

k fern' rnolecule- ' 5- 1 

Absolute Rate Coefficients 

k'_2 =(1.9±1.1)XI0- 12 

k.~3 (2.4±0.9)XlO- 12 

k'_4 (2.8 ± 0.8)XIO- 12 

= (3.7 ± O.lO)X 10- 12 

k.~5 =(3.4±O.7)XIO-'" 

(4.5 ± O.13)X 10-12 

k •• 6 = (5.3 ± 0.6)X 10- 12 

7= (7.1 ± O.18)XlO- 12 

".=7 (6.::;±O.::;)XIo- 12 

= (8.5 ± 0.23) X 10 -12 

k.=8 =(6.7 ±0.5)Xl0- 12 

= (8.9 ± 0.24) X 10- 12 

k._ 9 (7.7 ± 0.3)X 10- 12 

(11 ±0.40)XI0- 12 

Comments 

Ternp.lK 

-298 
-298 
-298 
-298 
-298 

-298 
-298 
-298 
-298 

-298 
-298 
-298 
-298 
-298 

(a) Fast-flow system; measurements made of the rate of 
decay in the intensity of the" = 9 - 7 emission of HO·. 

(b) Low-pressure static system; chemiluminescence emis­
sion of HO* observed in the overtone bands in the regions 550-
050 nUl. 

Preferred Values 

k.= 2 = 2X 10-12 cm3 molecule- 1 
5-

1 at 298 K. 
k.=3 = 3XlO- 12 cm3 molecule-I S-I at 298 K. 
k, = 4. = 3.3 X 10- 12 cm3 molecule -1 s -I at 298 K. 
kv = 5 = 4.0 X 10 12 em3 molecule 1 slat 298 K. 
kv = 6 6.2 X 10- 12 em3 molecule -I s -I at 298 K. 
k.=7 = 7.5X 10- 12 cm3 moleeule- I 

S-I at 298 K. 
k. _ 0 = 7.8 X 10- 12 em3 mol ACU II'; -I l! -I at 298 K. 
k, = 9 = 9.4 X 10- 12 cm3 molecule -I s -1 at 298 K. 

J. Phy •. Chern. Ref. Data, Vol. 11, No.2, 1982 

Reference 

Coltharp, Worley, and Potter, 1971 [1] 

Streit and Johnston, 1976 [2] 
Coltharp, Worley, and Potter, 1971 [1] 

Streit and Johnston, 1976 [2] 
Coltharp, Worley, and Potter, 1971 [1] 

Streit and Johnston, 1976 [2J 
Coltharp, Worley, Ilnd Pouer, 1971 [1] 

Streit and lohnston, 1976 [2J 
Coltharp, Worley, and Potter, 1971 [1] 

Streit and Johnston, 1976 [2] 
Coltharp, Worley, and Potter, 1971 [1] 

Streit and Johnston, 1976 [2] 

Reliability 

Li log k = ± 0.7 at 298 K. 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(a) 

(b) 
(a) 

(b) 
(a) 

(b) 
(a) 
(b) 

(a) 

(b) 

Whill'; thel'1'; i;; mlll~h Mttel' Agl'eement between the two sets 

of measurements for these reactions than for the other quench­
ing reaction, HO· + M, this may well be fortuitous in view of 
the large discrepancies associated with the latter reactions. Ac­
cordingly, although we have simply taken the average of the two 
results from Coltharp et a1. [1] and Streit and Johnston [2], for 
the recommended data, we have assigned large error limits to 
l'efll';r.t the r.onsiderahle doubt involved with these studies. 

References 
[IJ Coltharp, R. N., Worley, S. D., and Potter, A. E., App!. Opt. 10, 1786 

(1971). 
[2] Streit, G. E., and Johnston, H. S., J. Chern. Phys. 64, 95 (1976). 
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JW 157.2 kJ mo]-l 

Rate coefficient data 

k Icm3 molecule-I .-1 Temp.lK 

:\ h~olute Rate Coefficients 

1:1.8 ± 1.4) X 10- 14 exp((1250 ± 200)/T) 273-339 
12.35 ± 0.2) X 10- 12 298 
1'1.6 ± O.S)X 10- 12 298 

c!.9 ± 1.2) X 10- '3 (2 Torr He)298 
14.3 ± 1.8) X 10- 13 (3 Torr He)298 
15.5±1.4)XIO- '3 (4 Torr He)298 
{7.4 ± 3.3) X 10- 13 (2 Torr Ar)298 
0.14 ± 0.16)X 10- 13 exp((llOO ± 180)1T) 276-400 
(4.6±0.2)XI0- 12 298 
See comment (e) 290-400 
(6.6±1.2)X1O- '2 298 

Relative Rate Coefficients 

3.8X1O- 12 

Reviews and Evaluations 

2.SX1O- 12 

2.3X10- 12 

See comment (i) 

Comments 

aoo 

200-300 
298 
200-300 

(a) H02 generated by pulsed photolysis (310-410 nm) of 
Cl2 in presence of O2 and Hz or HCHO; [H02) monitored by 
molecular modulation ultraviolet absorption spectrometry; data 
refer to pressure of 760 Torr with no H20 present; data yield 
k /0'220 (l.l ± 0.8) X 104 exp((1245 ± 184)/T) em's" I 

0'220 3.45 X 10- 18 cm2 molecule -I; the rate coefficient was 

increased by the presence of H?O vapour. 
(b) HOz generated by pulsed Hg-photosensitization (253.7 

nm) ofH 2 /Oz (1%) mixture in flow system; [H02J monitored by 
absorption spectroscopy at 205 nm; 0'205 = (2.99 ± 0.23) 
X 10- 18 

I;Jfl2 Illvlt:l;ult:- 1
; no H 20 present; there appears to be 

an arithmetical error in the calculation of the rate coefficient in 
this paper. 

(c) Fast-flow system; F + H20~HF + H02 ; [H02] moni­
tored by laser magnetic resonance; rate coefficient determined 
from measurement of the second-order decay of H02 ; rate coeffi· 
cient found to be pressure dependent; 1013 k I cm3 mole­
cule -I s -1 2.9 (2 Torr He), 4.3 (3 Torr He), 5.5 (4 Torr He), 
7.4 (2.2 Torr Ar). 

(d) HOz generated by electron-pulse radiolysis of H2 ill 
presence of O2 ; [H02J monitored by absorption at 230.5 1I111: 

rate coefficients based on 0'230 = 2.17 X 10- 18 cm 2 '11,,1.·· 
cule -1; data refer to 1200 Torr H2, 5 Torr O2, with no 1I cO 
present. 

(e) Same system as for ref. [4], comment (d), but with Ill' I .. 
100 Torr added NH3 present; apparent rate coefficient fljr ral<' 
of disappearance of HO z varied with [NH3J added; 1\111, 

[NH3) = 2.4XI017 moleculecm-3 apparent rate eoeff;";",,1 
for disappearance of H02 had a negative temperature codl; .. ;, ·,,1 

corresponding to E I R = - 2200 K; it is not certai!1 i" : II!' 
system that the spectrum assigned to H02 arises ex,",,,,,;,·,·I, 
from that radical. 

(f) HOz generated by flash-!)hoto!ysis of H/1 in iln 111;'1 "I 

Reference 

Cox and Burrows, 1979 [IJ 

T.uohiya and Nakamura, 1979 [21 

Thrush and Wilkinson, 1979 [3] 

Lii et aI., 1979 [4] 

Lii el aI., 1980 [5] 
Hochanadel, Sworski, and Ogren. 1980 [6] 

Graham et aI., 1979 [7) 

NASA, 1979 [8J 
CODATA, 1980 [9J 
NASA, 1981 [IO] 

Comments 

(a) 

(b) 

(e) 

(d) 

(e) 
(f) 

(g) 

(h) 

(i) 

He containing 2% O2; [HOzl monitored by absorption at 220 
nm; 0'220 determined to be (4.00 ± 0.23)X 10- 15 cm2 mole­
cule-I; 21 Torr HzO present; rate coefficient derived from com­
puter fit of proposed mechanism. 

(g) HOz generated from H02NOr -+H02 + N02; rate coef­
ficient derived from measurements of - d [HOzNO z]/ dt and 
+d[NOz]/dt; measured relative to K=kzlk l =8.1XI0 Io 

molecule cm-3 for reactions H02 + N02.;;:::!:HOzN02 (1,2); the 
Intal uncertainty in the derived value of k (H02 + HOz) was esti­
mated by the authors to be a factor of 2. 

(h) ] atm pressure. 
(i) ~ince the rate coefficient is a function of pressure, tern­

peralure and IH20], a set of atmospheric empirical rate coeffi­
cients was recommended for use by modellers. 

Preferred Values 

k 25 X 10- 12 cm3 molecule -I s -I at 298 K; 1 atmos­
I'fl<'n' I'n'SSlIre, no H20 present. 

/. 4 .. 5 X 10- 14 exp( + 1200/T) cm3 mole(::.d(: ; ~ I 

IlVN rallge 275-4·00 K; 1 atmosphere pressure, no H20 pr<·sPIII. 

.d 101-'; k = ± 0.3 at 298 K and I alm""I,I,,"'" 1'''."'.,,,.. .. 

.d(/~·IR)= ±:300Koverrallg<·:!7', ·l·Il0""",j 1,,1,'1'''' 

I"w"" pn!ssure. 

II :-.hollld 1)(' :-.In':-,:~,·d Ih:11 1I1t"1""II'lf"11 d:1LI 11'lt" IHd\" II) I 
:ifnl pn':-'~'Il;'('a(ld illlflt".t!I ..... r·!H·/·II! II.'() \:11111111" Tlwl'lTllriilllils 

/'1\1"1111111;(:-''-. .111\ ,iilfl·rl·I!,T .... (iLlllIl[!dll :lli',I' ,1111" I,) I!Jj' IIJ,.1I111\' ,d' 

I 1 II' .!.! III 'Ill ~ I ; I 

.J_ Phys. Chern. Ref. Data. Vol. 11. No.2, 1982 



376 BAULCH ET AL. 

mination of this rate coefficient which have arisen from differ­
ences in the measured absorption cross-section ofH02 have now 
been resolved [1,6]_ 

The negative temperature coefficient first reported by Cox 
[11] has subsequently been confirmed by the studies of Lii et a1. 
[4] at 1 atmosphere pressure. Our recommended temperature 
coefficient is derived from a rounded-off mean from these two 
studies. 

The studies of Cox [11] and Cox and Burrows [1] first 
showed that the rate r.oeffir.ient ner.rcR"c5; with ilcr.rcR~ing pre". 
sure below 25 Torr. Additional evidence for a pressure depen. 
dence of the rate coefficient at low pressures comes from the 
work of Thrush and Wilkinson [3], who found that, over the 
range 2-4 Torr He, the second·order rate coefficient was direct· 
ly proportional to pressure [12]. Additional work is still reo 
quired on the pressure and temperature dependence of this reac­
tion. 

The pressure-dependence and negative temperature coeffi-
cient of the rate coefficient have led to speculation that the reac­
tion proceeds through the formation of an H20 4 * complex, 
[1,S,IS}. Niki and co-workers [141 have made product studies of 
the interactions of H02 radicals using an .F"fIR system, and with 
and the aid of 180 labelling have ruled out the participation of 
the proposed transition state (I). At the same time. however. 
their results could not distinguish between transition state (II) 
and a doubly hydrogen-bonded complex (III). These experi­
ments also indicate that the lifetime of the Hz0 4 * complex is less 
than 10 ms and thus rule out the participation of a long-lived (1 

s) stable intermediate. 

iJH· - 114.:::: kJ mol-I 

(II) (HI) 

It is well established [15,11,1] that the rate coefficient in­
creases with increasing water vapour concentration, an aspect 
which has been fully discussed by Howard [12]. 

References 
[1] Cox, R. A., and Burrows, J. P., J. Phys. Chern. 83, 2560 (1979). 
[2] Tsuchiya, S., and Nakamura, T., Bull. Chern. Soc. Japan 52, 1527 (1979). 
[3] Thrush, B. A., and Wilkinson, J. P. T., Chern. Phys. Lett. 66,441 (1979) 
[4] Lii, R.·R., Gorse, R. A., Jr., Sauer, M. C., Jr., and Gordon, S., J. Phys. 

Chern. 83,1803 (1979). 
[5) Lii, R.-R., Gorse, R. A., Jr., Sauer, M. C., Jr., and Gordon, S., J. Phys. 

Chern. 84, 813 (1980). 
[oj Hochanadel, C. J., 5worski. T. J., and Ogren, P. J.,J. Phys. Chern. 34, 3274 

(1980). 
[71 Graham, R. A., Winer, A, M., Atkinson, R., and Pitts, J. N., Jr., J. Phys. 

Chern. 83, 1563 (1979). 
[8) NASA Ref. Publ. 1049, "The Stratosphere: Present and Future," R. D. 

Hudson and E. I. Reed, editors (1979). 
[9) CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hampson, R. r., Jr., Kerr, J. A., Troe, J., and Watson, R. T .• J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

[10) NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 
Data for Use in Stratospheric Modelling." De More, W. B., Stief. L. J., 
Golden. D. M., Hampson. R. r., Jr., Kurylo, M. J., Margitan, J. J., 
Molina, M. J., and Watson, R. T., JPL Pub!. 81-3 (1981) .. 

[11] Cux, R. A., pr~.~nt~d at WMO Sympo.ium. TorulIlu. 26-30 JUII" 1978. 
[12] Howard, C. J., Proe. NATO Meeting, Portugal, October 1979. 
[13] Burrows, 1. P., Cliff, 0.1., Harris, G. W., Thrush, B. A., and Wilkinson, J. 

P. T., Proc. R. Soc. Lond. A368, 463 (1979). 
[141 Niki, H., Maker. P. D •• Savage. C. 1'.1 •• and Breitenbach. L. P .• Chern. Phys. 

Lett. 73,43 (1980) .. 
[15] Hamilton, E. J., Jr., J. Chern. Phys. 63, 3682 (1975). 

Rale coefficient data 

k Jcm3 molecuie- 1 Q-J 

Absolute Rate Coefficients 

(1.4 ± 0.4) X 10- 14 exp(( 580 ± 100)/T) 
2.0X 10- 15 

Reviews and Evaluations 

1.1 X 10- 1
• exp( - 580/T) 

lAX 10-" exp( - 600/7') 
1.1 X 10- 14 exp( - 580/1') 

Comments 

Temp.lK 

245-365 
298 

200-300 
250-400 
200-300 

(a) Discharge-flow system; H02 generated from 
H + O2 + M and monitored by laser magnetic resonance; 
C2 F"Ci ~dded to sc~venge HO product. 

(b) Average of data from refs. [S-8}. 
(e) Based on data from refs. [1] and [5]. 
(d) Average of data from refs. [l] and (S-8] .. 

Preferred Values 

k = 2.0 X 10- 15 em3 molecule -J s -1 at 298 K. 
k 1.4X 10- 14 exp( 600fT) cm3 molecule- 1 8- 1 

I)VI'r "'''1-\<: 250-400 K. 

J. PhYII. Chern. Ref. Data, Vol. 11, No.2, 1982 

Referenl.:'E.' 

Zahniser and Howard, 1980 (1) 

NASA, 1979 [2] 
CODATA, 1980 {3] 
NASA, 1981 [4] 

Rdiability 

.d log k = ± 0.2 at 298 K. 

.d(E/R)=,:::~gg~. 

Comments on Preferred Values 

\.ommAntfo:l 

(a) 

(b) 

(e) 
(d) 

The paper of Zahniser and Howard [1] reports in full data 
considered in preliminary form in the previous CODATA eva­
luation [3]. Direct confirmation of the rate data is still needed. 
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Reference. 

(II Zahniser, M. S., and Howard, C. J., J. Chern. Phys. 73, 1620 (1980) •. 

for Use in Stratospheric Modelling," DeMore, W. B., Stief, L. J., Golden, 
D. M., Hampson, R. F., Jr., Kurylo, M. J., Margitan, J. J., Molina, M. J .• 
and Watson, R. T., JPL Publ. 81-3 (1981). 

[5] Zahniser, M. S., and Howard, C. J., presented at WMO Symposium, Toronto, 
26-30 June, 1978. 

[2] NASA, Ref. Pub!. 1049, ''The StratOsphere: Present and Future," R. D. 
Hudson, and E. I. Reed, editors (1979). 

[3] CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 
Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson; R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

[6] Margitan, J. J., and Anderson, J. G., paper presented at 13th Informal Con· 
ference on Photochemistry, Clearwater Beach, Florida, January 1978. 

[7] DeMore, W. B., and Tschiukow-Roux, E., J. Phys. Chern. 78, 1447 (1974). 
[8] Simonaitis, R., and Heicklen, J., J. Phys. Chern. 77, 1932 (1973). [4] NASA Panel for Data evaluation, "Chemical Kinetic and Photochemical Dta 

Reaction 

H20 + kv ..... H2 + Oep) 
->H+HO (2) 
-.H2 + OeD) (3) 

Preferred Value. 

Absorption cross-sections and quantum yields 

..1./nm 102°0'/cm2 

175.5 262.8 
111.5 185.4 

'180.0 78.08 
18~.5 23.03 
IIl5.0 5.546 
186.0 3.110 
187.5 1.571 
189.3 0.6978 

Reaction 

H20 2 + kv-+2HO (1) 
-.H20 + OeD) (2) 
-+H +H02 (3) 
..... 2H+02 (4) 
.... HO+ HOeI) (5) 
_H. + '20 (6) 

-+2H + Olt..) (7) 

-+2H+ OlI.) (8) 

Primary photochemical transitions 

tP2 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

485.70 
493~65 

675.52 

Comments on Preferred Values 

246 
242 
177 

The recommendations are unchanged from those given in 
the previous evaluation, CODATA, 1980 [1]. 

Reference. 

[1) CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 
Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson. R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

HZ0 2 + hv~products 
Primary photochemical transitions 

t.Ho·/kJ mol-I A1h-rellhold / nm 

207 578 
328 365 
360 332 
562 213 
598 200 
624- 192 
656 1112 
719 166 

J. Phys. Cham. Ref. Data, Vol. 11, No; 2, 1982 
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Preferred Values 
Absorption cross·sections and quantum yields for Hz02 photolysis at 298 K 

J/nm 102°(1/cm2 ,p, A/om 102°(1/cm2 1/>, J 10m 102°0'/cm2 tPl 
. ----_. __ .. _-

190 69.2 245 11.0 l.0 300 0.708 1.0 
195 60.3 250 8.91 l.0 305 0.538 1.0 
200 52.5 1.0 255 7.24 1.0 310 0.417 1.0 
205 44.7 1.0 260 5.62 1.0 315 0.316 1.0 
210 38.0 1.0 265 4.47 1.0 :'120 0.245 1.0 
215 32.4 1.0 270 3.55 1.0 325 0.186 1.0 
220 26.9 1.0 275 2.75 1.0 330 0.141 1.0 
225 nA. l.0 280 2.09 1.0 335 0.110 1.0 
230 19.5 1.0 285 1.62 1.0 340 0.0832 1.0 
235 16.2 1.0 290 1.23 1.0 345 0.0631 1.0 
240 13.5 1.0 295 0.933 1.0 350 0.0479 1.0 

Absorption cross·sections and quantum yields for H20 2 photolysis at 600 and 1100 K. 

A Inm 
1/>. Temp.lK 

220 28 1.0 600 220 26 1.0 1100 
230 25 1.0 600 230 25 1.0 1100 
240 20 1.0 600 240 22 1.0 llOO 
250 15 1.0 600 250 19 1.0 1100 
loU 10 1.0 600 260 IS 1.0 1100 
270 6.5 1.0 600 270 9.9 1.0 lIOO 
280 4.2 1.0 600 280 7.3 1.0 1100 
290 2.3 1.0 600 290 5.0 1.0 HOO 

Comments on Priferred Values References 

The recommendations are unchanged from those given in 
the previous evaluation, CODATA, 1980 [1]. 

[1) CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 
Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9,295 (1980). 

5.3. Nitrogen Compounds 

N+HO-NO+H 
J.H Q 

- 203.4 kJ mol- I 

Rate coefficient data 

Absolute Rate Coefficients 

(5.0± 1.2) X 10- 11 

(2.21 ± O.18)XlO- 1O (T)-O.25±O.17 

(4.74 ± O.64)XlO- ll 

Reviews and Evaluations 

5.3XI0- 1l 

Comments 

Temp'/K 

298 
250-515 
300 

320 

300 

(a) Discharge-flow system to produce N atoms. Flash pho­
tolysis of H20 to give HO. First order decay of [HO] monitored 
by resonance fluorescence. 

(0) From the values of k tabulated the following Arrhenius 
'~xl'ressi()n has been derived: k = 3.8X 10- II exp(85IT) 

J. Phy ... Chern. Rftt. Data, Vol. 11, No.2, 1982 

Reference 

Howard and Smith, 1980 [1) 
Howard and Smith, 1981 [2) 

Campbell and Thrush, 1968 [3] 

Baulch, Drysdale, and Horne, 
1973 [4) 

cm3 molecule-I &-1. 

Comments 

(a) 
(a), (b) 

(c) 

(d) 

(c) Discharge.flow system; atom decay rates measured in 
N/O/H2 system. This value of k derived from measured ratio 
k Ik (0 + HO) = 1.4 ± 0.1 and k(O + HO) = 3.3XlO- 1i 

cm3 molecule- I 8- 1 (CODATA evaluation). 
(d) Based on ratio reported in reference [3]. 



KINETIC AND PHOTOCHEMICAL DATA FOR ATMOSPHERIC CHEMISTRY 379 

Preferred Values 

k = 4.9X 10- 11 em' molecule-I S-1 at 298 K. 
k = 3.8XlO- 11 exp( + 85fT) em' molecule-I S-

I over 
range 250-500 K. 

f( eliability 

A log k = ± 0.15 at 298 K. 
A (E f R ) = ± 100 K. 

r:omments on Preferred Values 

The preferred values are based on the recent results report­
ed by Howard and Smith [1,2). Although a negative temperature 

dependence has been derived from the tabulated data, the un­
certainty given for (E f R ) allows for the possibility of a tempera­
ture-independent value. In these studies the absolute value of 
k (0 + HO) was also measured. The ratiok f k (0 + HO) derived 
from these absolute values agrees with the value of the ratio 
measured directly by Campbell and Thrush [3]. 

Refereces 
[1] Howard, M. J., and Smith, L W. M., Chern. Phys. Lett. 69,40 (1980). 
[2] Howard, M. ]., and Smith, L W. M., Chern. Soc. Farday Trans. 2 77, 997 

(1981). 
[3] Campbell, I. M., and Thrush, B. A., Trans. Faraday Soc. 64,1265 (1968). 
[4] Baulch, D. L., Drysdale, D. D., and Horne, D. G., "Evaluated Kinetic Data 

for HIgh Temperamre Reactions, Yol. Z," Bunerwonhs, London (1971\). 

N + NO---lo-Nz + 0 
AH· = - 313.8:kJ mol-I 

Rate coefficient data 

k lem3 molecule- I 5- 1 Temp.lK 

Absolute Rate Coefficients 

(4.5 ± 0.2)X 10- 11 300 
(1.9 ± 0.2)X 10- 11 298 

(3.4 ± 0.3)X 10- 11 298 

Reviews and Evaluations 

3.4XIO- ll 200-300 
3.4XlO- 11 200-400 
3.4XIO- ll 200-300 

Comments 

(a) Pulse photolysis of NlO. First order deoay of [N] in 

added NO monitored by resonance fluoresce~ce at 120 nm. 
(b) Pulse radiolysis of N2fNO mixtures. First order decay 

of [N] in excess NO monitored by resonance absorption. 
(c) Discharge flow system. First order decay of[N] in excess 

NO monitored by resonance fluorescence at 120 nm. 
(d) Based on results of Lee et al. [7]. 

Preferred Value 

k = 3.1 X 10- 11 cm3 molecule -I s -lover range 200-
400K. 

Reliability 

.a log k = ± 0.15 at 298 K. 
A (E f R) = ± 100 K. 

Comments on Preferred Value 

The preferred value at 298 K is the average of the six 
results by independent techniques reported by Lee et al. [7], 

Reference Comments 

Husain and Slater, 1980 [1] (a) 
Sugawara, Ishikawa, and Salo, (b) 

1980 [2J 
Cheah and Clyne, 1980 [3] (e) 

NASA, 1979 [4J (d) 
CODATA, 19S0 [5] (d) 
NASA, 1981 [6J (d) 

Clyne and McDermid [8], Husain and Slater [1], Sugawara et al. 
[2]. and Cheah and Clyne [3]. The temperature independence of 
the rate coefficient reported by Lee et a!. [7] is accepted. 

References 
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.r:1HO(l) = - 175 kJ mol- J 

.r:1HO(2) = - 325 kJ mol- J 

.r:1HO(3) = - 506 kJ mol- 1 

.r:1HO(4) = - 8 kJ mol- 1 

N+NO~N20+0 

~NO+NO 

~N2+02 

~N2+20 

(1) 

(2) 

(3) 

(4) 

Rate coefficient data (k = k, + k2 + k) + k.) 

Absolute Rate Coefficients 

(3.8 ± O.I)XlO-" 

Reviews and Evaluations 

2.1 X 10- 11 exp( - 800/T) 
1.4 X 10- 12 

2.1 X 10- 1' exp( - 800fT) 

Comments 

Temp.lK 

300 

200-300 
298 
200-300 

(a) Pulsed photolysis of N20. First order decay of [N] in 
added N02 monitored by resonance fluorescence at 120 nm. 
Reported value is for the total removal of N by NOz through all 
occurring reaction channels. 

(b) Based on room temperature result of Clyne and McDer­
mid, 1975 [5]. 

Preferred Values 

k = 1.4X10- 12 cm3 molecule- 1 S-I at 298 K. 
k)/k = 1. 

Reliability 

.r:1 log k = ± 0.2 at 298 K. 

Comments on Preferred Values 

Unchanged from previous evaluation, CODATA, 1980 [3]. 
Based on results reported by Clyne and McDermid, [5]. The 
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Reference 

Husain and Slater, 1980 [1] 

NASA, 1979 [2] 
CODATA, 1980 [3] 
NASA, 1981 [4] 

Comments 

(a) 

(b) 
(b) 
(b) 

new, much higher value of Husain and Slater, [1] may indicate 
the prescncc of catalytic cyclc5 a5 dilicU55Cd by Clyutl liml 

McDermid, [5] in comparing their results with the earlier results 
ofPh'illips and Schiff, 1965 [6], Until this question is resolved, 
we have chosen to retain our previous preferred value. Confir­
mation of the indicated reaction mechanism is needed, and tem­
perature dependent studies are needed, 

References 

[1] Husain, D., and Slater, N. K. H., J. Chem. Soc. Faraday Trans. II 76,606 
(1980). 

[2] NASA Ref. PubJ. 1049, "The Stratosphere: Present and Future," R. D. 
Hudson and E. J. Reed, editors (1979). 

[3] CODATA Task Group on Chemical Kinetics, Baulch, D. 1.., Cox, R. A., 
Hampson, R. F., Jr., Kerr, J, A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980) . 

(4) NASA Panel for Da'" Evaluation, "Chcrni""l Kinctieo and Photochcmical 
Data for Use in Stratospheric Modelling," W. B. DeMore, L. J. Stief, D. 
M. Golden, R. F. Hampson, Jr., M. J. Kurylo, J. J. Margitan, M. J. 
Molina, R. T. Watson,lPL Pub!. 81-3 (1981). 

[5J Clyne, M. A. A., and McDermid, I. S., J. Chem. Soc. Faraday Trans. I 71, 
2189 (1975). 

[6J Phillips, L. F., and Schiff, H.I., J. Chem. Phys. 42, 3171 (1965). 
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N + Oz(1..d)-+NO + 0 (1) 

..dHO(l) = - 227.6 kJ mol-I 

..dHO(2) = - 94.3 kJ mol-l 

-+N + O2(3,2') (2) 

Rate coeffident data (k = kl + k,) 

k 

Absolute Rate Coefficients 

(1.8 ± 1.2) X 10- 15 

(2.7 ± LO)X 10- 15 

(2.3 ± 2.0) X 10- 15 

(M± 1.5) X 10- 15 

Relative Rate Coefficients 

k l <9Xl0- 17 

k l <9XlO- 11 

Comments 

Temp.fK 

195 
300 
409 
431 

195-300 
300 

(a) Discharge-flow system. Decay of 02eLl ) monitored hy 
photoionization technique. Total rate of decay was measured 
and thus the ohserved rate which includes physical deactivation 
gives an upper limit to the value of k1• Authors also derived the 
following upper limits: E.el <5 kJ mol-I and A <2 X 10- 14 

cm" molecule- l 
8-

1
• 

(h) Discharge-flow system with ESR detection of N atom 
decay and 0 atom formation. No evidence for chemical reaction 
found. Value of kl given here is hased on ratio 
kl/k(N + O2)<1 and k(N + 02) = 8.9XlO- 17 cm3 mole­
cule-I S-I (CODATA evaluation). 

(c) Discharge-flow system with mass spectrometric detec­
tion of 02C.d ) disappearance which authors attributed to inter­
action with some constituent of discharged nitrogen. Value of k I 
given here is based on ratio kllk (N + O~ < 1 and 
k (N + 0::1) = 8.9X 10-17 cm3 molecule.- 1 S-I (CODATA eva­
luation). 

LlH ° 306.2 kJ mol- I 

Reference 

Clark and Wayne, 1970 [11 

Westenberg, Roscoe, and deHaas, 1970 [2] 
Schmidt and Schiff, 1973 [3] 

Preferred Value 

Comments 

(3) 

(b) 
(c) 

k l <l X 10-16 cm3 molecule-I S-I over range 200-300 
K. 

Comments on Preferred Value 

The preferred value for kl accepts the results reported in 
references [2 and 3] which indicate that any chemical reaction of 
N atoms with 02eLl) is slower than with ground state O2, This 
interpretation attributes the overall disappearance of 02e Ll ) ob· 
served in references [1 and 3] to physical deactivation by some 
constituent of discharge nitrogen. The upper limit recommend­
ed for kl is based on the room temperature value for the rate of 
reaction of N atoms with ground state 0, molecules. 

References 
I IJ Clark, I. D., and Wayne, R. P., Proc. Roy. Soc. A316, 539 (1970). 
121 Weslenberg. A. A .• Roscoe.J. 1\1 .. and deHaas. N. r.hp.m. Ph)' •. Lett. 7, 597 

(1970). 

[3] Schmidt, C. and Schiff, H.I., Chern. Phys. Lett. 23, 339 (1973). 

Low pressure rate coefficients 

Rate coefficienl data 

Absolute Kate <.;oefficient5 

(1.27 ± 0.2)X 10-32 exp«508 
(7.20 ± 1.2)x 10-32 (T 1300)­
(7_7 ± 0.5)X 10-32 [N2] 

Reviews and Evaluations 

1.2 X 10-31 (T 1300) - 1.8 [N21 
1.2 X 10-31 (T 1300)-1.82 [N:J 
6.4XIO-32 (T 1300)-1.8 (Arl 

50)IT) [Ar] 
[Ar] 

Temp'/K 

240-360 

298 

200-300 
200-300 
200-300 

Reference 

Anderson and Stephens, 1979 [IJ 

Sugawara, Inshikawa, and Salo, 198012] 

:-lASA, ]979, (3),1981 (4) 
CODATA. )980 [5) 
CODATA, 1980 [5] 

Commenls 

(a) 

(h) 

(e) 
(eI) 

(d) 

J. Phys. Chem. Ref. Data, Vol. 11, No.2, 1982 
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Comments 

(a) 0 production by vacuum UV flash photolysis of NO, 
detection of 0 by means of N O2 chemiluminescence. 

(b) Pulse radiolysis of N2 and NO mixtures. 
(c) Values from CODATA 1980 [4]. 
(d) Values at 200-300 K taken from refs. [5] and [6]. 

Preferred Values 

ko = 6.4 X 10-32 (T /300) -1.8 [Ar] cm3 molecule-I S-I 
over range 200-300 K. 

ko 1.2 X 10-31 (T 1300) - 1.82 [N2] em3 molecule -1 S-I 

over range 200-300 K. 

Reliability 

..1 log ko = ± 0.1. 

Comments on Preferred Values 

The new determination for M Ar agrees well within th" 

error limits with the earlier preferred value. Averaging the new 

..1H' = -189.7 kJ mol- 1 

value with all earlier absolute measurements from CODATA, 
1980 [4] gives a value very close to the old preferred value 
which is retained here. The value for M = N2 from ref. [2] is 
substantially lower than earlier results and is not included. No 
new measurements in the high pressure range are reported. 

References 

[1] Anderson, L. G., and Stephens, R. D., J. Photochem. II, 293 (1979). 
[2] Sugawara, K., Ishikawa, Y., and 5alO, 5., Bull. Chem. :Soc. Jpn. 53, 3159 

(1980). 
[3J NASA Ref. Pub!. 1049, "The Stratosphere: Present and Future," Hudson, 

R. D., and Reed, E. I., editors (1979). 
[4) NASA P.nel for n.t. EvoluotiQn, "Chemical Kinetic l1nd Photochemical 

Data for Use in Stratospheric Modelling," De More, W. B., Stief, L. J., 
Golden, D. M., Hampson, R. r., Jr., Kurylo, M. J., Margitan, J. J., 
Molina, M. J., Watson, R. T., JPL Pub!. 81-3 (1981) . 

[5) CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 
Hampson, R. r., Jr., Kerr, J. A., Troe, J., and Watson, R. T., 1. Phys. 
Chem. Ref. Data 9, 295 (1980). 

[6) Whytock, D. A., Michael, J. Y., and Payne, W. A., Chem. Phys. Lett. 42, 466 
(1976). 

[7] MichHd,J. V;, Payne, W. A., and Whytock, D. A.,J. Chem. Phys. 65, 4830 
(1976) . 

Rate coefficient data 

Absolute Rate Coefficients 

(2.4 ±O.l)XlO- 1I 

(2.77 ±0.40)XIO-" 
(2.52 ± 0.25)X 10- 11 

Reviews and Evaluations 

2.0XIO- 1I exp(107/T) 
3.2XlO- 1I exp(l07/T) 
1.8 X 10-11 exp(107lT) 

Comments 

Temp.lK 

295 
298 
297 

200-300 
200-350 
200-300 

(a) Pulsed photolysis of 0 3 at 248 nm with a KrF excimer 
laller. nate of appc::acam;e;: uf p.ruduct oCr) monitored by reso­
nance absorption at 130 nm. 

(b) Laser flash photolysis of 03 at 266 nm with a frequency 
quadrupled N d: Y ag laser. Rate of appearance of product Oep) 
monitored by resonance fluorescence at 130 nm. 

(c) Based on results of Streit et al. [7]. 
(d) Based on averaging the room temperature results in 

Streit eta!' [7], in Heidner eta!' [8] and in Cvetanovic's review of 
relative rate data [9]. Temperature dependence is from Streit et 
al. [7]. 

(e) Based on room temperature results in references [1, 2, 
:l, /lno 7). Temperature dependence is from Streit et al. [7]. 
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Reference 

Amimoto et aI., 1979 [I) 
Brock and Watson, 1980 [2] 
Wine and Ravishankara, 1981131 

NASA, 1979 [4] 
CODATA, 1980 [5) 
NASA, 1981 [6] 

Preferred Values 

Comments 

(a) 
(b) 
(b) 

(e) 
(d) 

(e) 

k = 2.6X 10- 11 em3 molecule-I S-I at 298 K. 
k = 1.8 X 10- 11 exp( + 107/ T) cm3 molecule 

over range 200-350 K. 

Reliability 

.J log k 

.J (E /R) 
± 0.1 at 298 K. 

± WOK. 

Comments on Preferred Values 

I S I 

The preferred value at room temperature is the average of 
the results reported in references [1,2,3, and 7] all of which are 
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"in close agreement . .The weight of evidence from.these studies 
lead us to rejectthe higher value reported by Heidner et a1. [8). 
The temperature dependence.in reference [7] is accepted, and 
the pre-exponential factor has been adjusted to fit the preferred 
room temperature value. 

References 
[IJAmimoto, S. T., Force, A. P;, Gulotty, R. G., and Wiesenfeld,J. R.,J. Chern. 

Phy •. 71, 3640 (1979). 
[2] Brock, J. C, and Watson, R. T. results presented at NATO Advanced Study 

Institute on Atmospheric Ozone, Portugal, 1979; see G. K. Moortgat's 
review in Report No; FAA-EE-80·2 (1980). 

(3) Wine, P. H., and Ravishankara, A. R., Chern. Phys. Lett. 77, 103 (1981). 
[4) NASA Ref. Publ. 1049, "The Stratosphere: Present and Future," R. D. 

Hudson and E. I. Reed, editors (1979). " 
[5] CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

[6] NASA Panel for Datu Evaluation, "Chemical Kinetic and Photochemical 
Data for Use in Stratospheric Modelling," W. B. DeMore, L. J. Stief, D. 
M. Golden, R. F. Hampson, Jr., M. J. Kurylo,I. J. Margituri, M. J. 

"Molina, R. T. Watson, JPL Publ. 81-3.(1981). 
[7) Streit, G. E., Howard,C. J., Schmeltekopf, A. L., Davidson, J. A., and Schiff, 

H. I., J. Chem. Phy •. 65, 4761 (1976). 
[8) Heidner, R. F., Husain, D., and Wiesenfeld, J. R., J. Chern. Soc. Faraday 

Trans. II 69,927 (1973). 
[9) Cvetanovic, R.J., Can. J; Chern. 52,1452 (1974). 

0(1D) + N20-+N2 + O2 (1) 

LiHO(I} = - 521.0 kJ mol-I 

,dHO(2) = - 340.4 kJ mol-I 

,dHO(3) = -189.7 kJ mol-I 

-+2NO (2) 
-+O(3P) + N20 (3) 

Kate coetllcient data (k k I + k2 + k3) 

k molecule-' 5-' 

AL."lute ROlle Cu.,cnui"lIl. 

(1.20 ± O.I)X 10- 10 

(1.17 ± 0.12)X 10- 10 

Relative Rate C..oefficients 

I.04XI0- 1O 

Ratios 

k2/ k = 0.62 ± 0.02 
k2/ Ie = 0.62 ± 0.09 
k,J k= 0.12 ± 0.04 
k3/k = 0 

Reviews and Evaluations 

" kl =4.8X10- 11 

kl =6.2XIO-" 

k, = 7.4XlO- 1 • 

k2 = 8.6X 10-11 

k, =5.1Xl0- 11 

kl =6.6XI0- 11 

Temp.!K 

295 
298 

298 

298 
177,296 
295 
295 

200-300 

200-350 

200-300 

Comments 

(a) Pulsed photolysis of 0 3 at 248 nm with a KrF excimer 
laser. Rate of appearance of product U("P) monitored by reso­
nance absorption at 130 nm. 

(b) Laser flash photolysis of 0 3 at 266 nm with a frequency 
quadrupled Nd:Yag laser. Rate of appearance of product Oep) 
monitored by resonance fluorescence at 130 nm. 

(c) Steady photolysis of N20/N2 /He mixtures with a Hg 
lamp (185 and 254 nm), a Zn lamp (214 nm), and a D2 lamp 
(200-335 nm with marimum output at 235 nm). Amount of NO 
produced measured with a chemiluminescent NO analyser, The 

Referenee 

Amimoto et aI., ]979 [1] 
Wine and Ravishankara, 1981 [2) 

Lam et al., 1981 [.3] 

Marx, Bahe, and Schurath, 1979 [4) 
Lam et al., 1981 [3) 
Amimoto et al., 1979 [1] 
Amimoto et aI., ] 9110 (5) 

NASA. 1979 [6) 

CODATA, 1980[7] 

NASA, 1981 [8] 

(a) 
(b) 

(c) 

(d) 
(c) 
(a) 
(e) 

(f) 

(g) 

(h) 

ratiok Ik (OeD) + N2) = 4.0 ± 0.4 was determined by measur· 
ing the ratio of the NO produced in the absence of Nz to that in 
the presence of N2 • The value of k give"n here is based on thi:; 
reported ratio and k (UCU) + N2 = 2.6X 10- 11 cm~ mole· 
cule- 1 5- 1 (CODATA evaluation). The quantity k21k was detl,r· 

mined by measuring the pressure rise in the cell and thl) amOlllJt 
"of NO produced. No dependence of this quantity on the kinetic 
energy of the OeD) atom was observed. 

(d) Steady photolysis ofN20/He mixtures at 185 nm lind lit 
206 nm. Most determinations of the branchi ng rlltio were baged 
on measurement of the ratio [N21/[021 every three minutes by 
gas chromatography. Independent confirmation of the results 
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was obtained by determining the ratio (N2]/[NO] using gas chro­
matography and an NO chemiluminescent analyzer. The 
branching ratio value given hel-e ha::. beeu dt:Lt:Huiueu by a pro­

cedure of back extrapolation to zero conversion. No dependence 
of this quantity on the kinetic energy of the O(ID) atom was 
observed. 

(e) Re-examination of results reported by Amimoto et al. 
[1]. The use of improved high-speed detection electronics gives a 
value of 0.85 ± 0.02 for the quantum yield for O('D) produc­
tion in the primary photolysis of 0 3 at 248 nm. As a result of this 
new measurement the observation of Oep) atoms in the pres­
ence of NzO, CH4 , and H20 previously attributed to quenching 
components in reactions of these species with O(ID), is now 
attributed to its direct production in the primary photolysis of 

°3' 
(f) Based on the absolute value reported by Davidson et al. 

[9] and branching ratio results reported in references [4, 10, and 
11]. 

(g) Based on averaging the room temperature results in 
Davidson et al. f91, in Heidner and Husain, fl21 and in Cvetano­
vic's review of relative rate data [13]. Temperature independent 
is from Davidson et al. [9]. Branching ratio is based on results in 
Davidson et a1. [10] and in Volltrauer et a1. [11]. 

(h) Based on absolute values reponed in references (1, Z, 

and 9] and branching ratio results reported in references [4, 10, 
and 11]. 

Preferred Values 

kl = 4.4X 10- 11 cm3 molecule-I S-I. 
k2 = 7.2X 10- 11 cm3 molecule -I S-I. 

k3 <0.lXIO- 1
' cm3 molecule-' S-I. 

Independent of temperature over range 200-350 K. 

Reliability 

A log k, =.J log k2 = ± 0.15 at 298 K., 
A(E,IR)=A(E2IR)= ± 100. 

Comments on Preferred Values 

The preferred value of k at room temperature is the aver· 
age ofthe absolute values reported by Amimoto et a1. [1], Wine 

and Ravishankara, [2], and Davidson et al. [9]. The weight of 
evidence from these studies leads us to reject the higher value of 
IIeidner aud IIu:;ain, (12]. The te1l1peratUle independence re­

ported by Davidson et al. [9] is accepted. 
In the calculation of the individual values of k) and k2 the 

value ofk2/ k = 0.62 is used. This value is from the recent study 
by Marx et al. 1979 [4J and is confirmed by the work of Lam et 
al. [31 The procedure of back extrapolation to zero conversion 
used in reference [4] appears to provide a reasonable explana­
tion for the difference between this value and the lower values 
reported in references (10 and 11], (0.56 and 0.52, respective­
ly). It may be noted that the quantity actually used in the calcula­
tion of the individual value of k I and k? is k2/ k and that the 
values of this ratio reported in references [3, 4,10, and 111 show 
much less spread (0.52 to 0.62) than do the corresponding val­
ues of the more sensitive ratio k, / k2 from these same studies 
(0.61 to 0.92). The lack of any significant quenching component 
is based on the results reported in references [5 and 10]. 
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.JHO(I) = - 123 kJ mol- l 

AHO(2) = - 21 kJ mol- l 

NH2 + HO~NH + H20 
~NH3+0 

(1) 

(2) 

k fcm 3 molecule-I s-' 

Heviews and Evaluations 

", ,= I X 10 -" exp( - 2S00fT) 
"-" 1 ;,~ III " 

Temp.lK 

300-1000 
300-1000 

,I, 1'lIy •. Chom. Rol. Data, Vol. 11, NO.2, 1982 

Rate coefficient data 

Reference 

Baulch, Drysdale, and Horne, 1973 [1] 
Hampson, 1980 [2] 

Comments 

(a) 

(b) 
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Comments 

(a) Calculated from rate of reverse reaction and equilibrium 
constant. 

(b) Adjusted from expression in Baulch et a!. [1] on the 
basis of a revised value of LlHO(NH2) = 185 kJ mol- 1 (see Ap­
pendix 1). 

Preferred Value 

No recommendations for kl or k2• 

k 

Absolute Rate Coefficients 

(5.1 ± 1.0) X 10- 11 

Relative Rate Coefficients 

(2.5 ± 0.5)X 10- 11 

2.7XlO-" 

Comments 

Temp.!K 

298 

298 
349 

(a) Flash photolysis ofNH3/02 mixtures at low pressure (3 
Torr O2) and at high pressure (100 Torr O2 or 3 Torr O2 + 97 
Torr N2). [NH2] decay monitored by laser resonance absorption 
at 598 nm and simulated with a mechanism consisting of five 
reaotions. 

(b) Flash photolysis of NH3/0Z mixtures. [NH2] decay 
monitored by intracavity laser absorption spectroscopy at 598 
nm. Reported value is based on ratio k / k (NH2 + NHz) = 1.1 at 
570 Torr N2 and k (NHz + NHz) 2.5 X 10- 11 cm3 mole­
cule-I 5-

1 [4]. Same value of k derived from measurements at 
100 Torr Nz. 

(c) Pulse radiolysis ofNH3/02 mixtures. [NH2] decay mon­
itored by absorption spectrometry at 598 nm. Absence of any 
effect of O2 on the [NH2] decay was interpreted by authors to 
imply that k = k (H + NH2). Value given here is the value of 
k (H + NH2) determined in the same study. 

Preferred Value 

Ie = 3,4XlO- 1I em:) molecule-I S-I at 298 K. 

Comments on Preferred Value 

Based on mechanistic and thermodynamic considerations, 
reaction channel (1) is expected to be a rapid reaction pathway. 
However no data direct or indirect exist for this channel. Until 
the value for LlHO(NH2) is resolved we cannot make a recommen­
dation for k2 based on the reverse rate and equilibrium date. 

References 
[1) Baulch, D. L., Drysdale, D. D., and Horne, D. G., "Evaluated Kinetic Data 

for High Temperature Reactions. Vol. 2" Butterworths, London (1973). 
(2) Hampson, R. F., Report ]\;0. FAA·EE·80·17 (1980). 

Reference 

Kurasawa and Lesclaux, 1980 [1) 

Cheskis and Sarkisov. 1979 [2] 
Pagsberg, Eriksen, and Christensen, 1979 [3] 

Reliability 

..:llog k ± 0.4 at 298 K. 

Comments on Preferred Value 

Comments 

(a) 

(b) 
(e) 

The preferred value at 298 K is the average of the values 
reported in references [1-3]. The identity of the products is not 
known. However, Kurasawa and Lesclaux [1] suggest that th.· 
most probable reaction channels give either NH3 + \).' ,,' 
HNO + H20 as products. There is a need for determinalioll "I 
the reaction mechanism. 

References 
[1) Kurasawa, H., and Lesclaux, R., results present('(1 al 1,111. '1If'll 111.rl ( "J,l,", 

ence on Photochemistry, Newport Beach. CII. M;" .i. I ·IH·) 

[2] Cheskis, S. G., and Sarkisov, O. M., Chcm. pltp. 1"')1 to::', :~' 11'1 "I) 

[3J Pagsberg, P. B., Eriksen,J., and ChristenSl'n. 11./ .. I 1'1", I 1"'1" II] ,II:' 

(1979). 
[4) Khe, P. Y., Soulignac, J. C, and 1..·"·1"",,. Ii, 1 :''''. • I" ", II I . .' I" 

(1977). 
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AH°(l) = - 517 kJ mol-I 

.ilW(2)= -18 kJ mol- 1 

AHO(3} = + 167 kJ mol-I 

NH2 + NO~N2 + H20 
~N2+H+HO 

~NH+HNO 

~NH2NO 

(1) 
(2) 

(3) 

(4) 

Rate coefficient data (k = k, + k2+ k." + kJ 

k tem3 molecule I s I 

Absolute Rate Coefficients 

2.7XIO- JI 

(8.3 ± 1.7)X 10- 12 

2.1 X 10-8 {T) - 1.25 

(l.U::!;; O.3)X 10- 11 

(2.1 ± O.2)X 10- 11 

(1.7 ± 0.4) X 10- 11 

4.5X 10-1 (1')-1.65 

9.7XlO- '2 

Reviews and Evaluations 

2.1XlO- ll 

Comments 

Temp.lK 

300 
298 
300-500 
.'}QO 

298 
298 
210-500 
298 

298 

(a) Pulsed radiolysis of NH3/NO mixtures at 500 Torr. 
First order decay of (NH21 monitored by absorption spectrom· 
etry at 598 nm. 

(h) Discharge.flow system with N02 added to eX(less H 

atoms followed by addition of excess NH3• Analysis hy time-of· 
flight mass spectrometry. Total pressure of 2.4 Torr. Strong 
vibrational excitation in product H20 was observed. Also the 
addition product NH2NO wat; ublroenl:lu tv tIle extent of 5% of the 
N2 formed. 

(c) Flash photolysis of NH3 /NO mixtures. First order de­
cay of [NH2J monitored by ahsorption spectrometry at 598 nrn. 
No change III the value ot the rate coefficient was observed over 
the pressure range 2 to 700 Torr Nz. 

(d) Flash photolysis of NH3/NO mixtures at wavelengths 
greater than 170 nrn and total pressure of 1 Torr. First order 
decay Qf [1'1H2} monitored by laser induced fluorescence at 570 
nm. 

(e) Flash photolysis of NH3/NO mixtures. First order de· 
cay of [NEd monitored by intracavity laser absorption at 598 
nm. No effect of pressure on the value of the rate coefficient was 
observed over the range 0~1 to 1 Torr. 

(f) Discharge·flow system. NH2 radicals produced by reac, 
Liun uf F atoms witb NH3. First order decay of [NHzJ in excess 
NO monitored by laser induced fluorescence at 598 nm. Total 
pressure was 0.6 to 4 Torr. 

(g) Based on results of Hancock et al., 1975 [4]. 

Preferred Values 

k = 1.7 X 10-1) cm3 molecule- 1 S-1 at 298 K. 
k = 1.7 X 10- 11 (T 1298) I.G cm3 molecule- I s- 'over 

range 210-500 K . 

• 1. Phy". Chnm. Ret. Data, Vol. 11, NO.2, 1982 

Reference Comments 

Gordon, Mulac, an.d Nangia, 1971 {I] (a) 
Gehring et al., 1973 [2) (b) 
uschlUxetal.,1975[3) (c) 

Han~ock et a!., 1975 (4) (d) 
Sarki.ov, Cheskis, and Sviridenkov, 1978 (5) (e) 
Hack et aI., 1979 [6J (I) 

Hampson,1980p) (g) 

Reliability 

A log k = ± 0.3 at 298 K. 
An = ± 0.5 ()ver range 2.1G-5GO K. 

Comments on Preferred Values 

The preferred value at 298 K is the average Qf the values 
reporten in rpfeTPnl"'" [1-6], and the preferred temperature de­
pendence is the mean of the temperature dependences reported 
in Lesclaux et at (3) and Hack et a1. [6]. While there are many 
conceivable reaction channels, reaction (1) appears to be the 
duminalJt dlltlllJc::1 with !ltmng vibrational excitatiQn of the pro­
duct H20 observed by Gehring et al. (2]. These authors also 
report observation of the addition product NH2NO in an amount 
corresponding to 5% of the N2 formed. 

References 
(11 Gordon., S., Mulac, W., and Nangia, P., J. Phys. Chern. 75, 2087 (1971). 
[2] Gehring, M., Hoyermann, K., Schacke. H., and Wolfrum, J., 14th Int. Syrnp. 

on CDmbustion, p. 99 (1973). 
[3J Lesdaux, R., Khe, P. V., Dezauzier, P .• and Soulignac, J. C., Chern. Phys. 

1&It. 3G, 4!)3 (1!)75). 

(41 Hancock, C .• Lange, W., Lenzi, M., and Welge, K. H., Chern. Ph'Y$. Lett. '3'3, 
168 (1975). 

(5) SarkisDv, O. M., Cheskis, S. G., and Sviridenkov, E. A., Bull, Acad. Sci. 
USSR, Chem. Ser. 27, No. 11,2336, Eng. Trans. (1978). 

lbj Hack, W .• Schacke, H., Schroter, M., and Wagner. H. Gg., 17th Int. Symp. 
on Combustion, p. 505 (1979). 

[7) Hampson, R. r., Report No. FAA·E£.80·17 (1980). 
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NH2 + NO~N20 + H20 (1) 

~N2 + H20 Z (2) 
..::1HO(l) = - 378 kJmol- 1 

..::1HO(2)"= -3SSUmo!'":·1 

Rate coefficient data (.I; = kl + kJ 

Absolute Rate Coefficients 

3.2XIO-4 (T)-a,. 

1.0XIO- 11 

3.8X lO-8 (T) - 1.3. 

(2.3 ± 0.2) X 10-11 

Comments 

. Temp.!K 

250-500 
295 
298-508 
298, 

(a) Discharge-flow system. NH2 radicals produced hy reac­
tion of F atoms with NH3_ First order decay of [NH2] in excess 
NOz monitored hy laser induced fluorescence at 598 urn_ Total 
pressure 6f 1 Torr. Products were analyzed by mass spectrom­
etry in another flow system at a pressure of 2.3 Torr with N02 in 
large excess over NH2 • Results were interpreted to indicate thai 
at least 95% of the reaction proceeds through reaction channel 
(1). 

(b) Flash ph9to1ysis of NH3/N02 mixtures. First order de­
cay of [NH41 monitored by laser induced resonance fluorescence 
at 598 nm. Total pressure of 3 to 10 Torr. 

Preferred Values 

k= 1.7XlO-ll crn3 molecule-1 S-I ai298 K. 
k = 1.7X10- 1l (T 1298)-2,2 cm3 molecule-I S-I over 

range 250-500 K. 

Hack et aI., 1979 [11 (a) 

Kurasawa and Lesclaux, 1979 [21 (b) 

Reliability 

..::1 log k =± U.5 at 298 K. 

..::1n = ± 1.5 over range 250-500 K. 

Comments on Preferred Values 

The preferred value at 298 K is the average of the values 
reported by Hack et a1. t 1 J and Kurasawa and Lesclam; l2J. Also, 
the temperature dependence ofthe preferred value averages the 
temperature dependences reported in these two studies. There is 
very 'poor agreement between these studios both for k 2.9& and for 

the temperature dependence. Hack et al. [1] have shown that the 
predominant reaction channel is channel (1) .to give 
N20 + H20, with at least 95% of the reaction proceedi~g by this 
channel. . . 

References 
[I] Hack. W,.Sachacke~ H., Schroter, M., and Wagner. H. Gg., 17th In~ Symp. 

on Combustion. p. 505 (1979). 
[21 Kurasawa, H .• and Leselaux, R., Chern. Phys. Lett. 66. 602 (1979)., 

NH.2 +.O~producrs 
Rate coefficiel)t data 

Ie .rnolecule-:-' s-' 

Absolute· Rate Coefficients 

«2 ± l)X 10- 18 . 

<8XIO-'5 
<L5X1O-"· 

Relativ~ Rate ~fficients 
>4X1O-'5 

Comments 

T .. ml"K 

'289.500 
g40 

298 

298 

(a) Flash photolysis of NH3 /02 mixtures. [NH2J decay 
monitored by ab~orption spectrometry at 598nm,Complex de­
cay kinetics observed ·indicates that more than one reaction, is 
occurring. The authors inferred that only radical-radical pro-

Lesclaux a-nd Demiss y, 1977 [1] 
P.ogsbers, Erikeen,..o.nd Chrioton::;cn, 197~ [2] 

Cheskis and Sarkisov, 1979 [3] 

Jayanty,Siinon~itis, and Heicklen. 1976 [4] 

cesses are important. Upper limit only. 

Comments 

(a) 
(b) 

(e) 

(d) 

(b) Pulse radiolysis of NH31 O2 mixturt~€\.INH21 dl:<:IIY m()\\­
itored by absorption spectrometry at 598 nm. Upper limit only. 

(c) Flash photolysis of NHJ/O~ mixturCH. rNH2J fleetlY 

monitored by intracavity laser absorption ~pectrofjc{lpy lit 598 
nm. Upper limit based on independence of NHz decay rate with 

J. Phya. Chern. Ref. Oatil, Vol. 11, No.2. 1802 
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()/ 1"'·~~llrt· betweell j and 570 Torr. 
(d) Photolysis of NH3 /0 2 mixtures at 214 nm. Quantum 

yields for production ofN2 and N20 were measured. Lower limit 
given here is based on observation that the reaction of two NH2 
radicals is negligible compared to the disappearance of NH2 by 
reaction with 02' Authors concluded that reaction proceeds pre· 
dominantly (> 98%) by addition to form NH20 2 • 

Preferred Value 

k < g X 10- 18 cm3 molecule -I s -I at 2913 K. 

Comments on Preferred Value 

The preferred value is the upper limiting value based on 
the results reported by Lesclaux and Demissy, [1]. Their results 
indicate that NH2 radicals are removed by radical-radical combi­
nation and not by reaction with 02' These relatively direct re­
sults are preferred to those derived from the analysiS of the 

steady-state photolysis experiments of layanty et a1. [4]. The less 
sensitive upper limits reported by Cheskis and Sarkisov [3] and 
by Pagsberg et al. [2] also indicate that this reaction is unimpor­
tant. It should be noted that the reaction mechanism is uncer­
tain. In a study of the explosive oxidation of NH3, Husain and 
Norrish [5] concluded that the major reaction channel gives 
HNO + HO as products, but layanty et at. [4] concluded that 
even at a pressure of several Torr the predominant pathway is 
the addition reaction to give NH20 2• 

References 
11jl .... d."',. R .. on..! I)~m; •• y, M., Nouv. J. Chim. 1,443 (1979). 
[21 Pagsberg, P. B., Eriksen, J., and Christensen, H. C.,J. Phys. Chern. 83, 582 

(1979). 
[3] Cheskis, S. G. and Sarkisov, O. M., Chern. Phys. Lett. 62, 72 (1979). 
[4JJayanty. R. K. M., Simonaitis, R., and Heicklen, J., J. Phys. Chern. 80, 443 

(1976). 
[5] Husain, D., and Norrish, R. G. W., Proc. Roy. Soc. A273, 145 (1963). 

Rate coefficient data 

Absolute Rate Coefficient~ 

4.2X 10- 12 exp( (1250 ± 250)/T) 
(6.3 ± 1.0) X 10- 14 

(1.2 ±0.3)XIO- 13 

(2.01 ± 0.12)X 10- 12 exp( - (710 ± 50)IT) 
(1.84 ± 0.16) X 10- 13 

Comments 

Ternp.lK 

298-380 
298 
298 
250-358 
295 

(a) Flash photolysis of NH 3 /0 3 mixtures at wavelengths 
greater than 180 nm. First order decay of [NH2] monitored by 
laser induced fluorescence at 598 nm. Total pressure of 5 to 12 
Torr. 

(b) Flash photolysis of NH3/03 mixtures at wavelengths 
greater than 250 nm. First order decay of [NH2] monitored by 
intracavity laser absorption spectroscopy at 598 nm for pressure 
of 0 3 less than 0.5 Torr and an NH3 pressure of 5 Torr. A 
deviation from first order decay kinetics at higher 0 3 pressures 
was observed and was interpreted by the authors to indicate that 
the main reaction channel leads to the products NH20 + 02' 

(c) Di:;charge-flow rea(;lur. NH2 radicals produced by reac­
tion of F atoms with NH3• First order decay of [NHz] in excess 
0 3 monitored by laser induced fluorescence at 598 nm. Total 
pressure of 3 to 15 Torr. A deviation from first order decay 
kinetics at higher 0 3 pressures was observed and was interpret­
ed by the authors to indicate that the main reaction channel 
leads to the products NH20 + 02' 

Preferred Values 

k = 1.2 X 10-13 cm3 molecule-I 5- 1 at 298 K. 
k =3.4Xl0- 12 exp( -1000IT) cm3 molecule-I S-I 

over range 250-380 K. 

J. Phya. Chern. Ref. Data, Vol. 11, No.2, 1982 

Reference 

Kurasawa and Lesclaux, 1980 [I] 

Bul.tov et aI., 1980 [2J 
Hack, Horie, and Wagner, 1981 [3] 

Reliability 

.:1 log k 0.::> at 298 K. 

.t1 (E / R ) = ± 500. K. 

Comments on Preferred Values 

Commp.nt~ 

(a) 

(b) 

(e) 

The preferred value at 298 K is the average of the values 
reported in references [1-3]. The temperature dependence aver­
ages the temperature dependences in Kurasawa and Lesclaux 
[1] and in Hack et al. [3], and the preexponential factor has been 
selected to fit the recommended room temperature value. The 
deviation from fir$t order decay kinetics at higher pressures of 

0 3 was reported in references [2 and 3] and in both instances 
was interpreted to indicate that the principal reaction channel 
leads to formation NH20 + O2 which is followed by the reaction 
of NH20 with 0, to regenerate NH2• 

References 
[I] Kurasawa, H., and Lesclaux, R., Chern. Phys. Lett. 72, 437 (1980). 

[2] Bulatov, Y. P., Buloyan, A. A., Cheskis, S. G., Kozliner, M. Z., Sarkisov, O. 
M., and Trostin, A.I., Chern. Phys. Lett. 74,288 (1980). 

[3] Hack, W., Horie, 0., and Wagner, H. Gg., Ber. Bunsenges. Phys. Chern. 85, 
72 (1981). 
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NO + 03-+N02 + O2 

389 

J.HO= 200 kJ mol- 1 

Rate coefficient data 

k I em3 molecule 1 s 1 

Absolute Rate Coefficients 

(4.3 ± O.6)X 10-12 exp( - (1598 ± 50)/T) 
(2.14 ± O.l1)XIO-" 
(1\.1fi ± 0.45)X 10- 12 ""p( - (15!'lfi ±40)1T) 
(1.80 ± 0.04) X 10- 14 

Reviews and Evaluations 

~~XlO-12 .'p( _ 14,,()IT) 

2.3XlO- 12 exp( -1450/T) 
2.3X 10- 12 exp( - 1450/T) 

Comments 

Temp.lK 

283-443 
304 
212-422 
299 

200-300 
200-360 
200-300 

(a) Fic~l on.h:r ut:e.;ay of [03] i.u pr"~t:lle.;t: uf t:xe.;t:"" NO moni­

tored by chemiluminescent detection under stopped-flow condi­
tions in a 220 m3 stainless steel sphere at total pressures below 
0.1 mTorr. 

(b) Discharge flow, mass spectrometric study. First order 
decay of [03J in presence of excess NO. Total pressure was in the 
range of 1.0 to 2.2 Torr. 

(e.;) Ba:st:J on ct:~ul~ of Bick::; t:tal. [6] auJ rOOlll tt:llipt:1atun: 

results in references [7 and 8]. 

Preferred Values 

k = l.8X 10- 14 cm3 molecule-I 5-
1 at 298 K. 

k = 3.6XI0- 12 exp( -IS60IT) cm3 molecule- 1 S- I 

over range 200--400 K. 

Reliability 

.4 log k ~ ± 0.08 at 298 K. 
iJ. (E / R ) = ± ISO K. 

Comments onPreferred Values 

The preferred value at room temperature is the mean of the 
values reported in references [1, 2, 6--8]. The preferred tem­
perature dependent expression has been derived by a least 
squares analysis of the data reported in the recent studies by 
Lippman et al. [1], Ray and Watson [2] and Birks et al.l6], with 

Reference 

Lippmann, Jesser, and Schurath, 1980 [I] 

Ray and Watson. 1981 [2] 

NASA. 1979 [3] 
CODATA, 1980 [4] 
NASA, 1981 [5] 

Comments 

(a) 

(b) 

(cl 
(c) 
(c) 

the data at closely spaced temperatures in reference [1] being 
grouped together so that these three studies are weighted equal­
ly. This expression fits all but one data point reported in these 
three studies to within 15 precent. An analysis of the data below 
300 K only yields the alternative expression: 
k 2.8 X 10 12 exp( - 15001 T) cm3 molecule - 1 S - 1. This 
lower value of E / R suggests the possibility of curvature in the 
Arrhenius plot; however, since the data for T> 300 are predo. 
minantly from one study (reference [1]). this may simply reflect 
a systematic difference between studies. These two alternative 
Arrhenius expressions agree to within S percent over the range 
200 to 300 K. 

References 
[I J Lippmann. H. H .• .1e .. er. R .• and Sr.hnrath. I: .. Int. I. "hpm. KinAt. 12, !'i47 

(1980)., 
[2) Ray, G. W., and Watson, R. T., J. Phys. Chern. 85, 1673 (1981). 
[3) NASA Ref. Pub!. 1049, "The Stratosphere: Present and Future," R. D. 

Hudson and E. I. Reed, editors (1979) . 
l4J CODATA Task Group on Chemical Kinetic, Baulch, D. L., Cox, R. A., Hamp. 

son, R. r., Jr., Kerr, J. A., Troe, J., and Watson, R. T .• J. Phys. Chern. 
Ref. Data 9, 295 (1980). 

[5] NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 
Data for Use in Stratospheric Modelling," W. B. DeMore, L. J. Stief, D. 
M. Golden, R. F. Hampson, Jr., M. J. Kurylo, 1. J. Margitan, M. J. 
Molina, R. T. Watson, JPL Pub!. 81-3 (1981). 

[6] Birks, J. W., Shoemaker, B., Leek, T. J., and Hinton, P. M., J. Chern. Phys. 
65,5181 (1976). 

[7] Stedman, D. H., and Niki, H., J. Phys. Chern. 77, 2604 (1973). 
[8J Bemand. P. P., Clyne, M. A. A., and Watson, R. T., J. Chern. Soc. Faraday 

Trans. 2 70, 564 (1974). 
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:J 1/" ,~-- ')2.9 kJ mor- 1 

Low pressure rate coefficients 

Rate coefficient data 

kol cm3 molecule - 1 S - 1 Temp.lK 

Absolute Rate Coefficients 

9.6X 10- 33 exp( + 15501T) [N2] 262-295 
1.7 X 10-30 [N2] 298 
1.35 X 10-32 exp( + 12701T) [Nl ] 285-384 
9.6X 10-31 [N2] 298 

Rp.v;pws ::Inri F:v:llnMinno; 

1.5X 10-30 (T /300) - •. 6 [N,! 300-340 
1.4 X 10-30 (T /300) - 2.sIN,] 200-300 
3.7X 10-30 (T /300) -4.1 [N,] 220-300 

Comments 

(a) FI Olll ~tuJ y ofNzOs UO:::WIIlPUl;itiulI, l;t:t: I;OIllUlo:::lll (l.J) fur 

N20s-N02 + N03 (ko)· 
(b) Converted with the equilibrium constant Ke'l 

= 8.4X 1026 exp( - ll1801T) molecule cm-3 from ref. 161. 
(c) From study ofN20 s decomposition, see comment (c) for 

N20S-N02 + .\f03 (ko). 
(d) Based on evaluation of earlier data, which are supersed­

ed by the present references. 
(e) From data of refs. [1] and [2]. 
(f) Theoretical analysis of N20 S decomposition fall-off 

curves, see comment (e) for l\,O.-NO? + NO, (ko). 

Reference Comments 

Connell and Johnston, 1979 [1] 

Viggiano et aI., 1981 [2] 

CODATA,198013] 
NASA, 1981 [4] 
Maiko and Troe, 1982 [5] 

Preferred Value 

(a), (b) 

(c), (b) 

(d), (b) 
(e), (b) 
(f), (b) 

ko = 3.7X 10-30 [N?) cm3 molecule- 1 
S-1 at 298 K. 

ko = 3.7X 10-30 (T 1300) -4.1 [N2J cm3 molecule-I S-l 

over range 220-300 K. 

Reliability 

Ll log ko = ± 0.2 over range 220-300 K. 
Lln = ± 0.5 

Comments on Preferred Values 

From the theoretical analysis of the data in ref. [5] which 
gives a consistent representation of all experiments of refs. [1] 
and [2]. 

High pressure rate coefficient 

Rate coefficient data 

k~ lem3 molecule-I .-1 

Absolute Rate Coefficients 

2.1 X 10- 10 exp( - 1360/T) 
:l.:lX tU" 
1.5XlO- JO exp( -1610IT) 
6.BX 10- 13 

Revioew£ a.nd Kvaluatlons 

5X1O- 12 

8.0XIO- 13 

1.6 X 10- \2 (1' /300)°·2 

Comments 

(a)-(e). !See comments for ko. 

Preferred Values 

Temp.lK 

262-295 
ZY~ 

285-384 
298 

200-400 
200-300 
220-520 

k"" = 1.6 X 10- 12 cm3 molecule- I 
S-I at 298 K. 

koo = I.6XIO- 12 (T 1300) + O.2cm3 molecule- 1 s-lover 
ran~e 220-520 K. 

J. PhY8. Chern. Ref. Data, Vol. 11, No.2, 1982 

Reference 

Connell and Johnston, 1979 [I] 

Viggiano et aI., 1981 (2] 

CODATA, 1980 [3] 
NASA, 198114] 
Maiko and Troe, 1982151 

Reliability 

Lllog koo = ± 0.2 at 298 K. 
Lln = ± 0.5 over range 220-520 K. 

Comments on Priferred Values 

Comments 

(a), (b) 

(e), (b) 

(d), (b) 

(e), \b) 

From the theoretical analysis of the data in ref. [5] which 
gives a consistent representation of all experiments of refs. [1] 
and [2]. 
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Intermediat.e Fall-off Range 

From the preferred values of ko and k = one derives [N2 ] e 

= 1.1 X 1017 at 220 K, 2.7X 1017 at269 K, 4.1 X 10 17 at 295 
K, and 8.0X 1019 molecule cm- 3 at 520 K. The broadening 
factors, according to ref. [5] can be represented by Fe 
~exp( - T 1250) + exp( -1050IT),givingFr = 0.42at220 
K, 0.36 at 268 K, 0.34 at 295 K, and 0.26 at 520 K. 

£lHO = + 92.9 kJ mol- 1 

References 
[1) Connell, P., and Johnston, H. S., Geophys. Res. Letters 6, 553 (1979). 
[2) Viggiano, A. A., Davidson, J. A., Fehsenfeld, F. C., and Ferguson, E. E., J. 

Chern. Phys. 74, 6113 (1981). 
[3] CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hampson, R. r., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

[4] NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 
Data for Use in Stratospheric Modelling," DeMore, W. B., Stief, L. ]., 
Golden, D. M., Hampson, R. F., Jr., Kurylo, M. J., Margitan, J. J., 
Molina, M. J., Watson, R. T., JPL Pub!. 81-3 (1981). 

[5] Maiko, M. W., and Tro., J. Int. J. Cham. Kin. 11,,399 (1982). 

[6] Graham, R. A., and Johnston, H. S., J. Phys. Chern. 82, 254 (1978). 

I ,ow pressure rate coefficients 

Hate coefficient data 

Absolute Rate Coefficients 

8.3X 10' exp( - 8300/T) [Ar] 
8.05 X 10-6 exp( - 9630/T) [N1] 

7.4X 10-20 [I'21 
1.15 X 1O-~ exp( - 9914/T) [N2] 

4.1 X 10-20 []\'2] 

Reviews and Evaluations 

8.8X 10-6 e~p( - 9700/1') [N2 ] 

2.2 X 10-3 (1' 1300) - 44 exp( - lI080/T) [N21 
2.2 X 10-3 (T /300) - 0' exp( 1l080/T)[N21 

Comments 

Temp.lK 

450-5:10 
262-2% 
298 
285-3114· 
298 

300-340 
220-300 
300-500 

(a) Shock wave study of N20 S decomposition in argOT! at 
concentrations [Ar] = l.8X lOIS - 5.4X 1018 molecule em'. 
Reaction believed to be near the low pressure limit, however, 
some deviations from this behavior were seen experimentally. 
Tho:: lilllily;;b uf ref. (5) indicates that these experiments corre­
spond to conditions near the center of the intermediate fall-off 
curve, the true ko being about 4 times larger than the given 
value. 

(b) Static reaction (63 1) study with multi-reflection White· 
cell arrangement for the time resolved detection of N20 S IR 
absorption at 8.028 fl. Fall·off curves were measured with 
[N2] 1015 3 X 1019 molecule cm -3. Low pressure data in 
good agreement with earlier data of Johnston and Perine [6J. 
Combination with these data gives ko [N 2 1 

6.1 X 10-6 exp( (9570 ± 200)/T) ~-I over the r"nge '){)')-

345 K. According to the analysis of fall-off curves in ref. [!) I. 
these expressions should be corrected slightly upward to aniVI' 
at the low pressure limiting value. 

(c) Flow system With reactors of various size. NzOs detect,·,j 
by ion-molecule reactions in a flowing afterglow set up. M,·" 
surements at [N21 = 2.SX 1017 

- 2.7X 10 19 molecule elll 

These experiments were made near the center of the fail-nil 

curve. Extrapolation to the limits had to cover relativdy 1:.1";'" 

pressure ranges. 

(d) Based on critical evaluation of earlier data illcl",JII'i-' 

ref. [6]. 
(e) Theoretical analysis of the experimental data trolll n·l< 

Reference 

Schott and Davidson, 1958 [1[ 
Connell and Johnston, 1979 [2] 

Viggiano et ai, 19B1 [31 

CODATA, 1980 [4] 
Maiko and '/'roe, 1982 [5] 

Comments 

(a) 
(h) 

(e) 

(d) 
(e) 

III-P~j. Construction of a consistent set offall-off curves and fit 
ttl all data from these references, discardinl!; some low pressure 
I",ints from ref. [2] at 268 K because of inconsistencies with 
111<''''-\. This analysis leads to a modification of the fall-off curves 
and ,'X I'n·ssions for ko and k= given by the authors of refs. [1]­
I:q. The """IY5ia i::. ba5cd on value ofJJ.lIoo/ R 11000 K whi<.:h 

is I'IIn~i~1 ,'lit with the experiments and also the equilibrium con­
stalll, ~ivt'n by Graham and Johnston [7], Keq 
= (i\.·1 J I.g) X 1026 exp( - (11180 ± lOO)IT) molecu-

le ('/ll \ (:2'm-:~29 K). 

Preferred Values 

I'll I.()X 10- 19 [N2] 5- 1 at 298 K. 
I." :2.2XlO J (TI300)-4.4 exp( l1080IT)[N2]s-1 

,,\,', rarl~" 220-:)00 K. 
/"'1 2.2X IO-3(TI.300)-6.1 <;;!<p(- IlOf)O/T)IN,ls I 

nvn rall~" ;)()()-SOO K. 

""'!i"hilitr 

,11<1~ k" ~-- 1 O.:! IIV,'!' )';1"1'," :')!) ,';1111 f\ 

,11/ I 0.:') <lYt'I ""'~~(' :~:'>(J ;,111) f\ 

'1'111' ..... · :lll' lilt' ,,\';t!II:llI'd d;ll:1 1111/11 /1·1. I:~; I'a:-.(,d 1)11 I~w 

1"/11'111111'111 JIIIIII 11'[', III I:q. rIll /·II1Il/IIIIHI· ... !)f allllo~pIH~ri(: 

JlI11'll",,1 :111' 11111')lIII·dJ.'III' I:dl oIl nJ/\/' "111:--.1 ;d\\:t\,;... II(" IJ:-.cd i1l 

('Of)IH'I'rillll willi 1111";/' ,bl;L 
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High pressure rate coefficients 

Rate coefficient data 

Absolute Rate Coefficients 

1.78X 1017 exp( - (12540 ± 130)/1') 
9.4XIO- 2 

1.21X10J7 exp( -12787IT) 
2.8XlO-2 

Reviews and Evaluations 

5.7X 1014 exp( -10600IT) 
9.7X 1014 (T 1300)+0.1 exp( -11080/1") 

Comments 

Temp.lK 

262-295 
298 
285-384 
298 

273-300 
220-300 

(a) See comment (b) of ko• Fall-off curves of this work at 
262-295 K were extrapolated to high pressure together with 
earlier data by Mills and Johnston [6] from their medium pres­
sure apparatus; earlier data by Mills and Johnston at high pres­
sures were inoonsistent with tho present data. a.nd rejected. 

(b) See comment (c) of ko. Data obtained from extrapolation 
of data in a relatively narrow pressure range near the center of 
the fall-off curves. 

(c) Based on high pressure data by Mills and Johnston [6] 
and a temperature coefficient derived fromi1H·o as given by the 
measurements of the equilibrium constant from ref. [7]. 

(d) Combination of extrapolated fall-off curves from refs. 
[2] and [3] with theory [8]. 

Preferred Values 

k", =6.9XlO-2 s- 1 at298K. 
koo = 9.7 X 1014(T 1300} + 0.1 exp( 1l080IT)s-l over 

range 220-300 K. 

10
2 

10
' 

10
0 

I." 10-
' "-

.l/I. 

Reference Comments 

Connell and Johnston, 1979 [2] 

Viggiano et a\., 1981[3] 

CODATA, 1980(4] 
Maiko and Troe, 1982 [5] 

Reliability 

A log k", = ± 0.3 over range 220-300 K. 
.1n = ±O.2 

Comments on Preferred Values 

(a) 

(b) 

(c) 
(d) 

The earlier high pressure data of k .. by Mills anuJohnsLOIl 
[6] have not been confirmed by the recent measurements of refs. 
[2] and [3]. The analysis of the data given by refs. [2] and [3] has 
heen shown in ref. [5) to be inconsistent with theory. We there­
fore accept the analysis from ref. [5] which is based on theory 
and the experimental data from refs. [1]-[3]. 

Intermediate Fall-off Range 

From the preferred values of ko and k", one derives [N2]c 
= 1.1X 1017 at 220 K, 2.7XI017 at 268 K, 4.1X 1017 at 295 

K, and 8.0X 1018 molecule em- 3 at 520 K. The broadening 

factors, according to ref. [5] can be represented by Fe 
~exp( - T 1250) + exp( -1050IT),givingFc = 0.42at220 
K, 0.36 at 268 K, 0.34 at 295 K, and 0.26 at 520 K. 

K 

360 K 

10'5 10'6 10'7 10'8 1019 1020 

[N2 J/molecule cm-3 

FIGURE 5. Fall·off curves of the thermal decomposition of NoOs in Ns (Experiments: 0, ref. 12]; ., ref. (3]; 
theoretical analysis: full lines, ref. [5j). 
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References 
III Schott, G. L., and Davidson, N., J. Amer. Chern. Soc. 80,1841 (1958). 
121 Connell, P., and Johnston, H. S., Geophys. Res. Lett. 6, 553 (1979). 
I:{) Viggiano, A. A., Davidson, 1. A., Fehsenfeld, F. C., and Ferguson, E. E., 1. 

Chern. Phys. 74, 6113 (1981). 
14) CODATA Task Group on Chemical Kinetics, Baulch, D. 1.., Cox, R. A., 

I1HO= 50 kJ mo]-I 

k fcm 3 molecule-I s-' 

Absolute Rate Coefficients 

(1.5 + 0.4) X 10- 13 

(4.1 ± 0.5)X 10- 1• 

(5.3 ± 0:8)X 10- 12 exp( 9201T) 
(2.5 ± 0.8) X 10 - 13 

(4.3 ± 0.5) X 10- 13 

2.3X 10- 12 exp( - 8001T) 
1.57 X 10- 13 

2.93 X 10- 12 exp( - (860 ± 150)1T) 
(1.64 ± 0.16)X 10- 13 

1.2 X 10- 12 exp( 4401T) 
(2.7 ± 0.3)X 10- 13 

(5.41 ± 0.80) X 10-" exp( (J070±70)/T) 
(1.44 ± 0.29) X 10- 13 

Relative Rate Coefficients 

2.1 X 10-" 

Reviews and Evaluations 

2.3X 10- 12 exp( - 8001T) 

Comments 

Temp.!K 

298 
298 
298-669 
298 
418 
228-472 
298 
298-427 

298-365 
298 
294-1075 

294 

Z90 

228-472 

(a) Pubed photolpil!> of H 20; re~onance fluorescence de­

tection of first-order [HO) decay. 
(b) Flash photolysis of 02/NH3 system; resonance fluores­

cence detection of first·order [HO] decay. 
(c) Discharge-flow system; ESR detection of first-order 

[HO) decay. 
(d) Pulsed radiolysis of H20; resonance absorption detec­

tion of first-order [HO] decay. 
(e) Flash photolysis of H20; resonanee absorption detec­

tion of first-order [HO] decay. 
(I) Flash photolysis of H20; resonance fluoreseence dete<:­

tion of first-order [HO] decay. 
(g) Discharge-flow system; resonance fluorescence detei:­

tion of first-order [HO] decay. 
(It) Fluw t>y::;tem photolysis ofNH3/HONO mixtures. Value 

given here is based on measured ratio k / k (011-
+ HONO) = 0.032 and k (OH + HONO) = 6.6 X 10' 12 

cm3 molecule -1 S-I. COX et aI.. 1976 [10]. 
(i) Based on data published prior to 1979; accepted low 

temperature results of Smith and Zellner, 1975 [5). 

Preferred Values 

k = L6X10- 13 cm3 molecule-I S-I at 298 K. 
k = 3.3X 10- 12 exp( - 900/T) cm3 molecule-I 5-

1 

over range 230-450 K. 

Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

[5J Maiko, M. W., and Troe, J., Int. J. Chern. Kin. 14,399 (1982). 
[6) Mills, R. 1.., and Johnston, H. S., 1. Amer. Chern. Soc. 73,938 (1951). 
[7) Graham, R. A., and Johnston, H. S., J. Phys. Chern. 82, 254 (1978). 
[8) Troe, J., J. Chern. Phys. 75, 226 (1981). 

Sllibl. 1'J7:\ III 
Kllrd ... 1')7:1121 

Reference 

IIIt,·k. lI"I"'fIl"ll1l1 and Wagner, 1974131 

(;ord,," illid Mill"", 1975[4] 
Stllil!. and ,...lIner. 1975 [51 

1',·1'1'''. Alkin,,,n. ,md Pitts, 1979 [6) 

l'a;:,I""I'. Erib"n, and Christensen, 1979 [7] 

e .. ,. ",·rW'·II1. anli Holl, 197:519] 

11<11111'",,1. IIJBO 1111 

Reliability 

A h>e; k ± 0.15 at 298 K. 

.t1 (E I R ) = ± 200 K. 

Comments on Preferred Values 

Comments 

(a) 
(b) 
(e) 

(d) 
(e) 

(I) 

(d) 

(g) 

(h) 

(i) 

The preferred value at 298 K is the average of the values 
reported in references [1, 5, 6, and 8]. The lower value is refer· 
('nee 12] and the higher values in references [3 and 7) are not 
induded. The temperature dependence is based on the results 
reported in references [3, 5, 6, and 8], and the preexponential 
factor has been selected to fit the recommended room tempera­
ture value. 

References 
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Chern. 78,386 (1974). 
14] Gordon, S., and Mulae, W. A., Int. 1. Chern. Kinet. Symp. No. I. 1" 2/!'J 

(1975). 
1.5J Smilh, 1. W. M., and Zellner, R., 1m. J. Chern. Kine!. Syrnp. No. I, 1" :\<1.1 

(1975). 
[6) Perry, R. A., Atkinson, R., and Pitts, J. N., Jr., J. <:11,,111. I'IIY" 61 .• :l2:r; 

(1976). 
[7] Pagsberg, P. B., Eriksen,J., and Christensen, H. C. J. I'by'. <:i1f'1II. U:I. :;1l2 

(1979). 
[8] Silver, 1. A., and Kolb, C. E., Chern. Ph ys. 1 ",II. 7:;. I ') I (I 'mo) 
[9) Cox, R. A., Derwent, R. G., and H"h, 1'. M .. (:1,,,1110'1'1,,·,,, 'l. :'.0 I (I ')7:'). 

[10) Cox, R. A., Derwent, R. G., and Hol1, 1'. Moo.I. U ... Ill. S,,... Farad"y 'l'r,,"s. 1 
72,2031 (1976). 

[11] Hampson, R. F., Report No. FAA-EE·HO·17 (l'mo). 
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.t1HO = - 207 kJ mol-I 

Low pressure rate coefficIents 

Rate coefficient data 

kol cm3 molecule IS 1 Temp'/K 

Absolute Rate Coefficients 

(2.6 ± 0.4)XIO-30 (T 1300) -2.8 [N,] 247-352 
(2.3 ± 0.6) X 10-30 (T 1300) -2.9 [N,] 225-389 

Reviews and Evaluations 

2.6XIO-30 (T 1300)-2.9 [N21 200-300 
2.6X 10-30 IT 1300) - 2.7 [~31 220_5S0 
2.6X 10-30 (T 1300)-2.9 [N,] 200-300 

Comments 

(a) Flash photolysis-resonance fluorescence technique; 
bath gas concentrations (5.4 - 230) X 1017 molecule cm- 3

• 

The experiments covered an essential part of the fall-off curve, 
approaching the low pressure limit. Data are in good agreement 
with earlier work, suggesting however a higher high pressure 
limit thlln tl",r;vl'ld 1'I1ITlieor hy Anastasi and Smith [2J. Mea£ure­

ments performed with M = He, Ar, N2, SF6 • 

(b) Discharge flow system with resonance fluorescence de­
tection. Pressure range 0.8-2.7 Torr. Fall-off corrections with 
Fe = 0.8 applied. 

Preferred Values 

ko = 2.(iX 10-30 [N2J cm' molecule-I 5-' at 298 K. 
ko = 2.6 X 10-30 (T /300) - 2.9 [N.] cm3 molecule -I S-I 

over the range 200-300 K. 

Reference Comments 

Wine, Kreutter, and Ravishankara, 1979 [1) 
Anderson, 1980 [3) 

NASA, 1979 [4) 
ronATA, J980 [5] 
NASA, 1981 [6] 

Reliability 

..1 log ko = ± 0.1 over range 200-300 K. 
.dn = ± 0.3. 

Comments on Preferred Values 

(a) 
(b) 

The new measurements are in excellent agreement with 
older data and do not change the older preferred values. A final 
derivation of ko must wait for a full analysis of the fall-off curve 
including measurements at pressures higher than studied at pre­
sent. 

High pressure rate coefficients 

Rate coefficient data 

k ~ I cm3 molecule 1 s 1 

Absolute Rate Coefficients 

3.5XlO- u 

See comment (b) 

Reviews and Evaluations 

2.4XIO- u (TI300)-1.3 
1.6X 10- 11 

2.4X1O- 11 (T/300l- 1•3 

Comments 

Temp./K 

297 
301 

200-300 
200-360 
200-300 

(a) See comment (a) of ko. Extrapolation of the fall-off curve 
with Fe ~0.70 leads to koo ;;;; 3.5X 10-11 cm3 molecule-I s-I. 

(b) Smog chamber experiment at 1 atm air and 11 Torr of 
H20. Measured ratio k / k (HO + toluene) = 2.2 ± 0.2 with 
k (HO + toluene) = 6.08 X 10 -12 cm3 molecule -I s -I (aver­
age of literature values) leads to k = (1.3 ± O.3)XIO- 1I 

em3 molecule -J s -I at 1 atm. This value is in good agreement 
with the preferred fall-off expression and the measurements of 
ref. 11]. 

J. Phy •. Chorn. Rol. Data, Vol. 11, No_ 2,1982 

Reference 

Wine, Kreutter, and Ravishankara, 1979 [1] 
O'Brien, Green. and Doly, 1979 [7] 

~ASA, 1979 [4] 
CODATA, 1980 [51 
NASA, 1981 (6) 

Comments 

(a) 
(b) 

(c) 
(d) 
(c) 

(c) Based on RRKM analysis by Baldwin and Golden (8]. 
(d) Based on the fall-off expression from ref. [32] for 300 K 

and a reevaluation of earlier data. A temperature independence 
of k 00 was postulated on the basis of a theoretical analysis of 
many other high pressure studies of recombination reactions. 

Preferred Value 

koo = 3.5X 10-11 cm3 molecule- 1 S-I over range 200-

300K. 
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Reliability 

..:1 logk", ± 0.2 over range 200-300 K . 

Comments·on Preforred Value. 

The measurements of ref. [1], as well· as recent-unpub­
lished measurements by Sinith andcowotkers [9] at CF4-bath 
gas pressur~s of 10 atmgiving k"" >3 X 10-11 C~3 mole­
. Clile"".1 s -I indicate that the previously. preferred value . of ref. 
[51was too low. The k QO value should still be .used wiih.caution 
until measurements at pre.ssures near 100 11tm h~ve been made. 
Together with thePcvalu,es given bel~w; it is in agreement with 
the available data at pressures up to 1aon. 

Intermediate Fall-off Range 

From the preferred values one .derives [N21c l.3 X 1OJ9 

at 300 Kand [N2]o = 5.5XlO 18 molecule cm-3 at 220 K. A 
preliminary theoretical prediction of Fc with the techniques of 
ref: [10] leads toFo~0.70 at 300 K and Fc~0.8 at ZUU K 

which are in agreement with the .experime~tally observed fall· 

off curve. A more detailed analysis similar to. that of the 
N20S:;::::!N02 + N03 system is required as soon as extended high 
pressure measurements are available. 

References 
[I) Wine, P. H., Kreutter, N. M., and Ravishankara, A. R.,J; Phys. Chem,S3, 
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[4) NASA Ref. Publ. 1049, "TheStratosphere: Present and Future," Hudson, 

R. D., and Reed, E. r. editors (1979).' . 
[5) CODATA Task Group on Chemical Kinetics, Baulch; ·D •. L., Cox, R. A., 

Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson. R.· T.; J; Phys. 
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Data for Use in Stratospheric Modelling," DeMore, W. B., Stief, L. J., 
Golden, D. M., Hampson, R. F .• Jr., Kurylo, M. J., Margitan, J. J., 
Molina. M. J_, Watson, R. T., JPL Pub!. 81-3 (1981). 

[7) O'Brien. R. J., Green, P. J., and Doty, R. A., J. Phys. Chern. 83, 3302 
(1979). 

(8) Baldwin. A. C .• ann GalnAn. o. M, J. Phy<_ f:hAm_1l2, MA. (lQ7R)_ 
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HO + HNO~H20 + N03 (1) 
-+HzOz + N02 (2) 

..:1HO(I) = -75 kJ mol- 1 

..:1HO(2) = 7 kJ mol- 1 

Rate' coefficient data (It kl + k1 ) 

Absolute Rate Coefficients 

(1.52± 0.38):'><10- 14 exp«649 ± 69)IT) 
(1.25:1: O.OS) X 10- 13 

(8.2 ± L8) X 10-14 

Reviews and 

·B.5XlO- 14 

8.5XlO- 14 

1.5 X 10- 14 exp(650IT) 

Comments 

Temp.lK 

224-366 
299 
298 

200_.300 
240-470 
200-300 

(a) Flash photolysis ofHN03 at wavelengths greater than 
165 nm. In other experiments liNU3 was photolyzed at 249 nm 
with a KrF excimer laser. First order decay of [HO] was moni­
tored by resonance fluorescence at 3lOnm. [HN03] measured 
by ah!'lorption atlS4.9 nm. 

(b) Laser flash photolysis of HN03 at 249 nm. First order 
decay of HO monitored by. resonance fluorescence at 310 nm. 
Pressure range of 10-50 Torr. In separate experiments the rate 
of production of N03 was monitored in absorption at 623.5 nrn 
to give k 1 = (10.6 ± 3.4) X 10 -14 cm3 ~olecule - J s - 1. Quan­
tum yield for production of N03 was determined to be approxi­
mately unity with the precise value dependent on value selected 
for absorption cross section of N03 at 623;5 nm. 

Reference 

Wine et aI., 1981 (IJ 

Nelson, Marinelli, and Johnston, 1981 [2] 

NASA, 1979 [3J 
CODATA, 1980 [4J 
NASA, 1981 [5J 

(a) 

(h) 

(e) 
(e) 
(d) 

(c) Based on temperature-independent results reported by 
Smith and Zellner, [6] and Margitan et al. [7]. 

(t1) Ballet! on results reponed by Wine et a!. [1]. 

Preferred Values 

k = 1.3 X 10- 13 em3 molecule -I s -I at 298 K. 
k = 1.5 X 10- 14 ~xp(650/T) crn3 molecule- J 

8-
1 over 

range 220-360 K. 

Reliability 

A log k = ± 0.2 at 298 K. 
..:1 (E / R ) = ± 300 K over range 220-360 K. 
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Comments on Preferred Values 

The preferred value is based on the results reported by 
Wine et al. [11. There is a significant discrepancy between these 
results and those reported in references [6 and 7], particularly at 
low temperatures. It is felt that the results obtained in this recent 
study over a wide range of experimental conditions are more 
reliable. Confirmation of these results is needed, particularly for 
the reported negative temperature dependence. Reaction chan­
nel (I} yielding N03 appears to be the dominant channel based 
on the N03 quantum YIeld of apprOXimately unity reported by 
Nelson et al. [2]. N03 was also observed directly in absorption at 
650 nm by Glanzer and Troe [8] in studies of the thermal decom­
pOllition of HN03 lit 1000 K 

References 
[1] Wine, R. H., Ravishankara, A. R., Kruetter, N. M., Shah, R. C., Jliicovich,J. 
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HO + H02N02-+H20 + O2 + N02 (1) 

..jH°(l) 

..jHO(2} = 

194 kJ mol- I 

50 kJ mol- I 

-+H20 2 + N03 (2) 

Rate coefficient data (k k, + k2) 

<3Xl0- 12 

(4.0 ± 1.6) X 10- 12 

Reviews and Evaluations 

5XlO- 13 

No recommendation 
8XlO- 13 

Comments 

Temp.lK 

261-295 
246-324 

200-300 

200-300 

(a) Upper limit only. This limit is based on results obtained 
in a study of the decomposition of H02N02 at low pressure in 
the presence of added NO. The addition of n-butane to scavenge 
the HO radicals produced by the reaction of H02 with NO had 
no effect on the rate of decomposition ofH02N02, implying that 
the reaction of HO with H02N02 is not important in this system 
and permitting the authors to derive this upper limit for the 
value of k, 

(b) Laser flash photolysis resonance fluorescence tech­
nique. First order decay of [HO] monitored by resonance flu­
OreSCfmce at:il () nm in prp.~p.ncp. of e")(cp."s N02N02 measllre..J by 

mass spectrometry. HO radicals were produced by laser flash 
photolysis of 0 3 at 249 nm or 266 nm in presence of H2 and/ or 
H20. Rate coefficient was independent of total pressure over the 
range 3 to 15 Torr Helium. H02N02 was produced batch-wise 
by adding N02BF4 to 90% solution of H20 Z' Correction was 
made for the contribution by the H20 2 impurity which was expli­
"illy measured in all experiments. Reaction products were not 
iliclllificd. A uthors recommend temperature-independent value 

J. '>hYII, Chern. Ref. Data, Vol. 11, No.2, 1982 

Reference 

Graham, Winer, and Pitts, 1978 [1) 
Trevor, Black, and Barker, 1982 (2) 

NASA, 1979 [3] 
CODATA, 1980 [4] 
NASA, 1981 [5] 

Comments 

(a) 
(b) 

(0) 

(d) 
(e) 

given above but also give expression 
k = (8.05 ± 5.69) X 10- 12 exp( - (193 ± I94)/T) cm3 mole­
cule- 1 8- 1• 

(c) Order-of-magnitude estimate by analogy with 
k (H ° + H20 2) = 8 X 10 -13 cm3 molecule -I s -I in the same 
evaluation. 

(d) No recommendation was given, since no direct study 
had been reported. 

(e) Order-of-masnitude estimate by analogy with 
k (HO + HzOz) = 1.7 X 1O-12 cm3 molecule-I S-I in the same 
evaluation. 

Preferred Value 

k = 4.0X 10- 12 cm3 molecule-I g-I over range 246-
324K. 

Reliability 

..j log k = ± 0.3 at 298 K. 

..j (E / R ) = ± 400 K. 
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Comments on Priferred Value 

The preferred value is that reported by Trevor et a1. [2}, 
which is the only reported direct study of this reaction. The error 
limits given here have been substantially increased over those 
suggested by the authors because this is the only direct study 
and because of the inherent difficulties of preparing and han­
dling H02N02• 

The reaction products have not been identified. Those sug­
gested here are the most likely products, although other reaction 
channels are thermodynamically possible. Contirmation of 
these kinetic results and mechanistic studies to identify pro­
ducts are needed. 

iJHO = - 28 kJ mol-I 
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Hampson, R. F .• Jr., Kerr, J. A., Troe, J., and Wabon, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

(5) NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 
Data for Use in Stratospheric Modelling," W. B. DeMore, L. J. Stief, D. 
M. Golden. R. F. Hampson. Jr .. M. J. Kurylo. J. J. Margitan. M. J. 
Molina, R. T. Watson, JPL Puh!. 81-3 (1981). 

Rate coefficient data 

Absolute Rate 

\1.1 ±U.<S)XlU-" 

(7.6 ± 1.7) X 10- 12 

(3.57 ± 0.23) X 10- 12 exp«226 ± 41)/Tl 
7.6X1O- 12 

Reviews and Evaluations 

4.3X 10-.2 exp(200/T) 
4.3XlO-· 2 exp(200/T) 
3.5XlO- 12 exp(250/T) 

Comments 

Temp.lK 

'2':n 

293 
423-1271 
298* 

(a) Discharge-flow system. HOz was produced by reaction 
H + O2 + M--+HOz + M. Total pressure of 7.5 Torr. First or­
der decay of[HOz] in presence of excess NO monitored by emis­
sion at 1.43 nm after energy transfer from 02eiJ ) produced by a 
microwave discharge in O2, No isotope effect was observed 
when D02 was substituted for HOz' 

(b) Discharge-flow reactor connected to a combined LMR­
ESR spectrometer. HOz was produced by the reaction 
H + Oz + M--+HOz + M or F + H20 2--+H02 + HF. First or­
der decay of [HOz] in presence of excess NO monitored by laser 
magnetic resonance and electron spin resonance. The rate coef­
ficient was found to be independent of total pressure over the 
range of 1.6 to 12.5 Torr. 

(c) Discharge-flow reactor. HOz was produced by the reac­
tion H + O2 + M--+HOz + M. Total pressure of 1 to 3 Torr. 
First order decay of [HOzl in presence of excess NO monitored 
by laser magnetic resonance. The author combined these data 
with his previously reported data for the low temperature range 
232-432 K (Howard, 1979 [1]) to derive the following expres­
sion over the combined temperature range 232-1271 K: 
k = (3.51 ± 0.35)X 10- 12 exp((240 ± 30)/T) cm3 mole­
cule - 1 5 - I. The author al50 measured the rate of the reverse 
reaction over the temperature range 452-1115 K and thereby 
derived a value for the heat of formation of the H02 radical: 

Reference 

l71aschick·::ichimpf et aI., 1979 IlJ 
Hack et al .. 1980 (2) 
Howard, 198013] 

NASA, 1979 [4J 
CODATA,1980[5) 
NASA, 1981 [6] 

LW;(HOz) = 10.5 ± 2.5 kJ at 298 K. 

Comments 

(a) 

(b) 

(e) 

(d) 
(d) 
(e) 

(d) Based on results of temperature dependent studies by 
Howard, [7] and Leu, [8] and room temperature results reported 
ill n:lfen:mces [9-11]. 

(e) Based on temperature dependent studies by Howard in 
references [3 and 7] and room temperature results in references 
[1 and 8-lOJ. 

Preferred Values 

k = 8.3 X 10- 12 cm3 molecule-I S-I at 298 K. 
k = 3.7 X 10- IZ exp( + 240fT) cm3 molecule -I s --I 

over range 230-500 K. 

Reliability 

iJ log k = ± 0.1 at 298 K. 
iJ (E / R ) = ± 100 K. 

Comments on Preferred Values 

Preferred value at 298 K is the averu~(: t)r the values re· 
ported [7-10 and 2]. The value reported in reference III is high. 
er but in agreement within the stated uncertainty. It should be 
noted that the value derived from the ratio rneasu rement of Bur­
rows et aJ. [11] is no longer in good agreement with other recent 

J. Phys. Chern. Ref. Data, Vol. 11, No.2, 1982 
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results due to an increase by a factor of two in the recommended 
value of the rate constant for the reference reaction HO + H20 2 

-+H02 + H20. 
The temperature dependence is that reported by Howard 

[3] for the combined temperature range 232-1271 K based on 
high temperature data in this reference and low temperature 
data in Howard [7]. This temperature dependence measured 
over a very large temperature range is preferred to that reported 
by Leu [8] over a much smaller temperature range. The pre­
exponential factor reported in reference [3) has been adjusted 
here to give the preferred value of the rate coefficient at 298 K. 

References 
[1] Claschick-Schimpf, l., Leiss, A., Monkhouse, P. B., Schurath, U., Becker, 

K. H., and Fink, E. H., Chern. Phys. Lett. 67, 318 (1979). 

.dlr - - 97.7 kJ 11101-' 

[2) Hack, W., Prell'", A. W., Temps, F., Wagner, H. Gg., and Hoyermann, K., 
Int. J. Chem. Kinel. 12,851 (1980). 

[3] Howard, C. J., J. Am. Chem. Soc. 102,6937 (1980). 
[4.] NASA Rpj' 1',,1.1 10M), "The S!rA""pher,,' Pr",,,n! "nn Flltllf"," R. D. 

Hudson and E. I. Heed, editors (1979). 
[5] CODATA Task GrollI' on Chemical Kinetics, Baulch, D. L., COJ{, R. A., 

Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9 2')5 ( 1980). 

(6) NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 
Data for Use in Stratospheric Modelling," W. B. DeMore, L. 1. Stief, D. 
M. Golden, R. F. Hampson, Jr., M. J. Kurylo, J. J. Margitan, M. 1. 
Molina, R. T. Watson, JP!. )'ubl. 81-3 (1981). 

[7] Howard, C. J., J. Chem. Phys. 71,2352 (1979). 
[8] Leu, M. T.,J. Chern. Phys. 70,1662 (1979). 
[9] Margitan, J. J., and Anderson, J. G., typescript (1981). 
[10] Kaufman, F., and Reimann, B., results presented at 13th Informal Confer· 

ence on Photochemistry. Clearwater Beach. Florida (I9781. 
[11] Burrows,J. P., Cliff, D.l., Harris, G. W.,Thrush, B. A., and Wilkinson,J. 

)'. T., Proc. Roy. Soc. A368, 463 (1979) . 

Low pressure rate coefficients 

Rate coefficient data 

Reviews and Evaluations 

2.1 X 10-31 (T 1300)-5 [N2 1 

2.1 X 10-31 [N2] 

Comments 

Temp.lK 

200-300 
300 

(a) T-dependence from a theoretical analysis. 

Preferred Value 

ko =2.1XlO- 31 (TI300)-5 [N2J cm3 molecule- 1 
S-I 

over range 200-300 K. 

Reference 

NASA, 1979 [1],1981 (3) 
CODATA, 1980 [2J 

Reliability 

.J log ko = ± 0.3 at 300 K . 

.In = ± 2. 

Comments on Priferred Value 

Comments 

(a) 

The NASA evaluation ([I] and [3)) is accepted here. 

High pressure rate coefficients 

Rate coefficient data 

k.;Q/t:m';\ Illulecule- t S-1 

Reviews and Evaluations 

6.5 X 10- 12 (T 1300)-2 
5XlO- 12 

Preferred Value 

Temp.lK 

200-300 
298 

k", =5X10- 12 cm3 molecule- 1 s- 1 over range 200-
300K. 

Reliability 

~ log k", = ± 0.4 at 298 K. 

J. Phys. Chern. Ref. Data, Vol. 11. No.2, 1982 

Reference 

NASA, 1979 [I]. 1981 [3J 
CODATA, 1980 [2] 

Comments on Preferred Value 

CUUllntm~ 

(a) 

In contrast to refs. [11 and I :11, no major temperature de­
pendence of k"" is assumed here. One should note that the pre­
ferred value of this evaluation fllr the dissociation reaction to­

gether with an eqllilihrium constant of 
1.68 X 1028 exp( - 1 1l)77 / T) Illolecule cm -3 from ref. (4) 
leads to k", = 3.9X 10 I] "m' llIo\ecllle- 1 s- I at 298 K. 
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Intermediate Fall-off Range 

Fc~O.4 at 298 K is chosen analogous to the N20S--N­
O2 + N03 reaction. 

References 
[1] NASA Ref. Pub!. 1049, "The Stratosphere: Present and Future," Hudson, 

R. D., and Reed, E. I. editors (1979) . 

.aHO = + 97.7 kJ mol- 1 

[2) CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 
Hampson, R. F., Jr., Kerr, 1. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

[3) NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 
Data for Use in Stratosphere Modelling," DeMore, W. B., Stief, L.J., 
Golden, D. M., Hampson, R. F., Jr., Kurylo, M. J., Margitan, J. J., 
Molina, M. J., Watson, R. T., JPL Pub!. 81-3 (1981). 

[4] Uselman, W. M., Levine, S. Z., Chan, W. H., Calvert,J. G., and Shaw,J. H., 
Chern. Phys. Lett. 58, 437 (1978). 

Rate coefficient data 

Absolute Rate Coefficients 

5.2X 10-6 exp( (10014 ± 250)IT) [Nil 
1.3 X 10-20 [Nil 

Reviews and Evaluations 

Comments 

Temp.lK 

261-295 
298 

298 

(a) Fourier transform-IR spectroscopic study in a 5800 1 
chamber. Measurements at 1-7 Torr of N2, at higher pressures 
(>7 Torr) intermediate fall-off effects are visible. 

(b) Evaluation based only on measurements of the reverse 
reaction. 

Preferred Valuee 

ko =5XlO-6 exp( 100001T) [N2J 8-
1 over range 

260-300 K. 
ko = U~X 10-20 [Nzl l',-I at 2QR K. 

Reference 

Graham, Winer, and Pitts, 1978 [1) 

CODATA,1980 [2J 

Reliability 

.a log ko = ± 0.3 at 2% K. 

.a (E / R ) = ± 500 K. 

Comments on Priferred Values 

Comments 

(a) 

(b) 

Values tor the torward and reverse reaction agree very 
welL We prefer this direct study over the measurements of the 
reverse process, since no conversion by the equilibrium constant 
i. rp'l"irpo_ 

High pressure rate coefficient 

Rate coefficient data 

>0.018 

Reviews and Evaluation 

> 1.4 X 10 14 exp( -10420IT) 
>0.09 

Comments 

Temp.lK 

278 

250-300 
298 

(a) See comments (a) for ko. This is a lower limit since a 
linear Lindeman-Hinshelwod evaluation of the fall-off curve 
was made for the pressure range 10-760 Torr of N 2' 

(b) Based on earlier data from the authors of ref. [1]. 

Reference Comments 

Graham, Winer, and Pitts, 1978 [1] (a) 

CODATA, 1980 [2] (b) 

Preferred Values 

k", = 3.5X 10 14 exp( - 10420/1') S-
I over range 250-

300K. 
k", = 0.23 8-

1 at 298 K. 

J. Phys. Chem. Ref. Data. Yol.11. No.2, 1982 
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Reliability 

Lilog k", 
Li(EIR) 

± 0.6 at 298 K. 
±500 K. 

Comments on Preferred Values 

Theoretical analysis of the fall· off curve is required in or· 
der to obtain a better extrapolation. k" chosen to be in accord 
with Fe :::::=0.4 at 278 K and the measured k (1 atm) (see below). 
The recombination data of this evaluation would suggest an up 
to 1.3 time higher preexponential factor of k", (see data sheet 
for H02 + N02). 

Intermediate Fall-off Rang!' 

Fc:::::=0.4chosen analogous to the N20 5-+N02 + N03 reac· 
tion. k", constructed to obtain agreement with the measured rate 

constant at 760 Torr of N2 and 277.7 K, 
k = (714 ± 43) X 10-5 

S -1, from ref. [1]. A recent much less 
direct determination of k at 1 atm by Simonaitis and Heicklen, 
1978 [3] gavek = 6X10 17 exp( -13080IT) s-l. For 298 K, 
this value (k = 0.051 s -I) agrees very well with the correspond­
ing value from this evaluation (k = 0.054 s -1) which is based 
on the fall·off curve from ref. [1]; however, the temperature 
coefficient from ref. [3] appears to be incorrect .. 

References 
[I] Graham, R. A., Winer, A. M .. and Pitts, J. N., J. Chem. Phys. 68, 4505 

(1978). 
III COUATA Ta,;k (;ruup on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hamps\ln, It. r., Jr., Kerr, J. A., Troe, J., and Watson, R. T., 1. Phys. 
Chem. Hef. Dala 9, 295 (1980). 

[3] Simonaitis. R. and Heicklen, J., Int. J. Chem. Kin. 10,67 (1978). 

NO + hv~products 

State 

%('11'1/2) 

Ae..r) 
Be1T) 
Ce1T) 
new) 

Rp:Rr.tion 

Energy levels are from [1]. 

To/cm- I 

o 
44199 
45505 
52372 
53291 

Primary photochemical transitions 

627.9 
817.7 
857.8 

1032.1 
1047.6 
1262.1 

Electronic energy levels of NO and transitions 

A. (vae)/nm 

226.2 
219.8 
190.9 
107.6 

Transition 

A-X (r) 
B-X (/3) 
c-x (8) 
D-X (e) 

190.5 
146.3 
lRQfi 

115.9 
114.2 
94.8 

Calculation of the rate of dissociation of nitric oxide in the stratosphere and mesosphere. It is recommended that the reader use the values of the dissociation rate given 
as a function of altitude and solar zenith angle in table 4 of Frederick and Hudson [2]. This recommendation is unchanged from that given in the previous evaluation, 
CODATA [3] where detailed discussion can be found. 

References 
[1] Miescher, E., and Akermann, F., in "Stratroscopic Data Relative to Diatomic 

Molecules" B. Rosen, editor, International Tables of Selected Constants 
(Pergamon Press, 1970, vol. 17, p. 277. 

[2] Frederick, J. E., and Hu<ison, R. D., J. Atoms. Sci. 36, 737 (1979). 
[3] CODATA Task Group on Chemical Kinetics, Baulch, D. L.. Cox, R. A., 

Hampson, R. F., Jr., Kerr, J. A., Troe,]., and Watson, R. T., J. Phys. 
Chem.Bef. Data 9,295 (1980). 

NOz + hv~products 

Reaction 

:"0, + hv ___ NO + O('P) (1) 
___ NO + O('D) (2) 

Primary photochemical transitions 

300 
490 

.... -~---- .. ---------------------~ 

J. Phy •. Chern. Ref. Data, Vol. 11, No.2, 1982 

A.lhreshold / nm 

298 
244 
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Preferred Values 
Absorption cross sections 

A. Inm 1()2°qlcm2 A Inm 102°qlcm2 A. Inm 102°u/cm2 A./nin 102Oq/6n2 

185 26.0 245 4.3 305 16.6 365 57.8 
190 29.3 250 2.8 310 17.6 370 54.2 
195 24.2 255 1.4 315 22.5 375 53.5 
200 25.0 260 . 1.9 320 25.4 380 59.9 
205 37.5 265 2.0 325 27.9 385 59.4 
210 38.5 270 3.1 330 29.9 390 60.0 
21:5 40.2 275 4.0 335 34.5 395 58.9 
220 39.6 280 5.5 340 38.8 400 67.6 
225 32.4 285 7.0 345 40.7 405 63.2 
230 24.3 290 8.2 350 41.0 410 57.7 
?35 14.8 295 9.7 355 51.8 
240 6.7 300 11.7 360 45.1 

Quantum yields 

A/nm t/J. ). Inm t/J. A/nm t/J. A. Inm t/J. 

376 0.75 386 396 0.78 406 0.30 
378 0.74 388 0.76 398 0.72 408 0.18 
380 U.IH 390 0.74 400 0.65 410 0.14 
382 0.65 392 0.73 402 0.57 415 0.067 
384 0.66 394 0.83 404 0.40 420 0.023 

Th" .hmr~ t.hl" give. valu •• of t/>, at olo.ely 0f'''''.,J wavclcnt;th ""Iue. in the uciJ!;h .......... ""J vC II .. , thermodynamic threshold for photodissoeiation. For shorter 
wavelengths (295-365 nm) use the formula: ¢,(A.) = 1.0-0.0008 (A.-275). 

Comments on Priferred Values 

The preferred absorption cross section values are those of 
Bass, Ledford, and Laufer [1]. The preferred quantum yield 
values for 375-420 nm are those reported by Harker et al. [2]. 
These recommendations are unchanged from those given in the 
previous evauiation. CODATA. [3] where detailed discussion 
can be found. It should he notp.tI thllt the expression given in 

CODATA [3] for quantum yield values at shorter wavelengths 
does not merge smoothly with the values tabulated above, indio 
cating a problem over the range 350 to 400 nm. If;1 is indeed 

less than unity at wavelengths shorter tha.n 898 nm, there must 

exist a highly excited N02 species presently undetected. 

References 
[I) Bass, A. M., Ledford. A. E., and Laufer, A. H., J. Research Nat. Bur. Stand. 

~p~, A· 80A., 143 (1976). 

(2) Harker; A. B., Ho, W., and Ratto, J. J. Chern. Phys. Lett. 50, 394(1977). 
(3) CODATA Task Group on Chemical Kinetics, Baulch, D; L., Cox, R. A., 

Hampson, R. F .• Jr., Kerr, J. A., Troo, J •• and Watson. R. T •• J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

N03 + hv~produdl 

Wavelength range/nm 

498-'671 

Measurement 

Reaction 

(la) 

(lb) 
(10) 

(2) 

Primary photochemical transitions 

..c.1 H;, IkJ mol- I 

13 
107 
170 

206 

Absorption cross section data 

Reference 

Mitchell et al. 1980 [1) 

Quantum yield data 

Wavelength/nm Reference 

A. ..... h.,d 1nm 

9000 
1100 
700 
580 

Commenis 

(8) 

Comments 

470-685 Magnotta and lolinston. 1980 [2) (b) 

J. PhY •. Chem. R.f. Data, Vol. 11, No.2, 1082 
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Comments 

(a) N03 generated by reaction of N02 with 0 3 in a recircu­
lating flow system with excess OJ. Relative absorption speotrum 

shown in a figure. Also the absolute value of cross section at 
it = 663 nm was determined to be (121 ± 20) X 10-19 cm2

• 

(b) N03 prepared from N20 S by allowing equilibrium to be 
established: N20s = N02 + N03• N03 was photolyzed by a 
pulsed tunable dye laser. Product NO and 0 were measured by 
resonance fluorescence. These experiments are most sensitive to 
the value of the product rpa rather than to the values of rp and a 
individually. The authors also give values of the photodissocia-

tion rate ji which is the integrated value of rpial over the absorp­
tion wavelength range. For an overhead sum and the range 470 
to 700 nm, they give the following photodi~~oci!ltion rates: j, 
= 0.022 ± 0.0078- 1 andji = 0.18 ± 0.06 S-I. 

Preferred Values 

No preferred values are given for the absorption cross sec­
tion (a) or for the primary quantum yeilds (¢1' ¢l) individually. 
The following table gives preferred values for the products rpla 
and rp2a from 470 to 634 nm. The tabulated values are averaged 
over 5 nm intervals centered on the stated value of it. 

Preferred Values of ¢IU and ¢2U 

A/nm A/nm 

472 5.9 
477 7.2 
482 7.0 
487 8.6 
492 10.0 
497 11.5 
502 10.6 
507 12.4 
512 16.1 
517 14.5 
522 17.4 
527 18.1 
532 20.7 
537 24.2 
542 18.3 
547 25.6 
552 26.5 

Comments on Preferred Values 

The preferred values for the products rpla and rp2a are 
taken from the recent study of the Magnotta and Johnston, [2]. It 
is the product rpa to which their experiments are most sensitive. 
The spectral resolution used in this study is much higher than 
that in the earlier study from the same laboratory which used 
broad-band light sources. Graham and Johnston, [4]. 

The absolute values of the absorption cross sections are 
uncertain, although the relative shape of the abeorption epec 

trum seems to be well established. The one absolute value of a 
given in reference [1] is 30% lower than the corresponding value 
is reference [4]. On the other hand, Magnotta and Johnston [2] 

J. Phya. Chem. Ref. Data, Vol. 11, No.2, 1982 

!j~7 

562 
567 
572 
577 
582 
587 
592 
597 
602 
607 
612 
617 
622 
627 
632 

57.1 
34.3 
32.7 
33.3 
4O.S 
41.3 
48.3 
49.8 
33.3 
23.0 
17.4 
9.9 
7.9 

19.5 
9.1 
2.0 

0.0 
9.7 

22.0 
16.2 
ll.6 
9.0 
4.6 
2.4 
3.0 
1.0 
0.0 

suggest that their data may fit better if the values of a given in 
reference {4] are increased by 50%. Since only the product rpa is 
established. there is a corresponding uncertainty in the absolute 
values of the quantum yields. 

References 
[1] Mitchell, D. N., Wayne, R. P.,Allen, P.J., Harrison, R. P., and Twin, R.J .• J. 

Chern. Soc. Faraday Trans. 2 76, 785 (1980). 
(2] Maen ... tt". F_ •• ntl Jnhn.tnn, H_ ,;_. C.~nphy._ f/~ •. I"'tt_ 7, 7f1Q (IQRO). 

[3) CODATA Task Group on Chemical Kinetics. Baulch, D. L., Cox, R. A., 
Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

[4] Graham, R. A., and Johnston, H. S., J. Phys. Chern. 82, 254 (1978). 
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N20 + hv-products 

403 

Primary photochemical transitions 

Reaction ,19;, /kJ rnol- I 

N20 + /.v-N2 + o('r) .. (1) 

-N2 + O('D) (2) 
,......N+ NO (3) 
-..N2 + 0('5) (4) 

161 

351 
47!i 
565 

742 

34..1 
252 
212 

WSlve).ength range/11m ReFerence 

160-250 Ruhrich and Stuhl, 1980 ill \a) 

Comments 

(a) Measured at 298 K and at 208 K. In very good agree­
ment with results of Selwyn et al. [2]. 

Preferred Values 

AbsorptIOn cross sections 

/nm 

175 12.6 
180 14.6 
185 14.3 
190 11.1 . 
195 7.57 
200 4.09 
205 1.95 

In u(A.,T) =A; +A~ +Ayt z +A.yt 3 +A~ 4 

where 

+ (T - 300) exp(B] + B~ + 1J~ Z + B.yt 3). 

A] = 68.21023 B] = 123.4014 

A2 = - 4.071805 Bz = - 2.116255 

A3 4.301146 X 10-2 B3 = 1.11l572XlO-2 

A4 = - 1.777846 X 10-4 B4 = - 1.881058 XIO- 5 

A:; = 2.520672 X 10-7 

Quantum yields 

tPz = 1.0 for i!. = 185-230 nm. 

Comments on Preferred Values 

The preferred absorption cross section values and the 
expression for In u(A.,T) are from Selwyn, Podolske, and John­
ston [2J. These cross section values have been confirmed both at 

A. Inm 102oq lcm2 

210 0.755 
215 0.276 
220 0.092 
225 0.030 
230 0.009 
235 0.003 
240 0.001 

room temperature and at 208 K by the recent results of H ubrich 
and Stuhl [1]. 

The preferred value of the quantum yield (tPz equal to uni­
ty) is based on the results reported in Paraskevopoulos and Cve­
tanovic, [3], Preston and Barr [4], and Greiner [5]_ 

These recommendations are unchanged from those given 
in the previous evaluation, CODATA, [6) where detailed discus­
sion can be found. 

References 
[1] Hubrich, C., and Stuhl, F., J. Photochem. 12,93 (1980). 
[2] Selwyn, G., Podolske, J., and Johnston, H. S., Geophys. Res. Lett. 4, 427 

(1977). 
[3] Paraskevopoulos, G., and Cvetanovic, R. J., J. Am. Chern. Soc. 9], 7572 

(1969). 
[4] Preston, K. F., and Barr, R. F., J. Chern. Phys. 54, 3347 (1971). 
(5) Griener, N. R., J. Chern. Phys. 47,4373 (1967). 
[6) CODATA Task Group on Chemical Kinetics, Baulch, D. 1.,.. C"" Ie II .. 

Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Wutson, It 'j'" J. I'lly" 
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Reaction 

N20s + hv-.N02 + NO, 
-.N204 + O('P) 
-.N204 + O(ID) 

A./nm 

205 
210 
215 
220 
225 
230 
235 
240 
245 

250 
255 
260 
265 
270 
275 

Quantum yields 
No recommendation. 

Comments on Preferred Values 

(1) 
(2) 
(3) 

BAULCH ET AL. 

N20 s + hv-+products 

690 
520 
330 
206 
131 
93 
72 
57 
45 
35 
26.3 
21.2 
17.7 
15.2 
12.5 

Primary photochemical transitions 

89 
242 
432 

Preferred Values 
Absorption cross sections 

A./nm 

280 
285 
290 
295 
300 
305 
310 
320 
330 
340 
350 
360 
370 
380 

A.lhresbold / nm 

1340 
495 
275 

10.7 
8.3 
6.3 
4.6 
3.2 
2.2 
1.5 
0.75 
0.40 

0.27 
0.18 
0.10 
0.05 
0.01 

are unchanged from those given in the previous evaluation, CO· 
DATA [3] where detailed discussion can be found. 

References 
11) Graham, R. A., and Johnston, H. S., J. Phys. Chern. 82, 254(1978). 

The preferred absorption cross section values are those 
reponed in Graham and Johnston [11 for 205-810 nm and in 
Jones and Wulf [2] for 320-380 nm. These recommendations 

12) Jones, E. J., and Wulf, O. R., J. Chern. Phys. 5,873 (1937). 
[3) CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

Reaction 

HONO + hv-+HO + NO (I) 
-.H+ N02 (2) 
_HNO+O (3) 

J. Phy •. Chern. Ref. Data, Vol. 11, No.2, 1982 

HONO + hv-+products 
Primary photochemical transitions 

202 
326 
423 

591 
367 
285 
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A. Inm 

310 
315 
320 
325 
330 
335 
340 

345 
350 
355 
360 
365 
370 
375 
380 
385 
390 
395 

Quantum yields 

Preferred Values 

Absorption cross sections 

o 
0.4 
4.0 
3.8 
8.8 
5.7 

17.6 
ll.l 
10.0 
26.5 

7.2 
18.2 
20.9 

3.7 
8.2 

14.7 
1.4 
o 

Comments on Preferred Values 

The preferred absorption cross section values have been 
derived from the tabulated results in Stockwell and Calvert [1] 
by averaging the values over 5 nm intervals. For values at 
shorter wavelengths (200-310 nm) use values tabulated in Cox 
and Derwent [2]. 

Based on the results of Cox and Derwent [2], the preferred 
value of ¢1 is set equal to unity throughout this wavelength 
range. Thcsc rccommendation~ are unchanged frum thu:;t: giVt:Il 

in the previous evaluation CODATA [3] where detailed discus­
sion can be found. 

References 
[1] Stockwell, W. R., and Calvert, J. G., J. Photochem. 8,193 (1978). 
L2] Cox, R. A. and Derwent, R. G., J. Photochem. 6,23 (1976). 

¢1 = 1.0 throughout this wavelength region. 

L3J CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 
Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., 1. Phys. 
Chern. Ref. Data 9, 295 (1980). 

Reaction 

HONO + hv->HO + NO, (1) 
...... HONO .;. O(,P) (2) 
_H + NO) (3) 
-..lIO:-'O + 0('0) (4) 

Wavelength rangel nm 

190-330 

Comments 

HONOS! + hv-",products 

Primary photochemical transitions 

An;. IkJ mo]-I 

200 
298 
418 
488 

Absorption cross section data 

Reference 

Molina and Molina, 1981 11] 

(a) Measured at 298 K. In very good agreement with results 
of Johnston and Graham [2] except at both ends of wavelength 
range. 

598 
<WI 
286 
245 

Comments 

(a) 

J. Phys. Chem. Ref. Data, Vol. 11, No.2, 1982 
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Preferred Values 

Absorption cross sections 

A Inm lO2°ulem2 

190 1320 
195 9lO 
200 550 
205 255 
210 97 
215 32.8 
:l:W 14.4 
225 8.51 
230 5.63 
235 3.74 
!HO 2.60 
245 2.10 
250 1.95 
255 1.94 

Quantum yields 
lP, 1.0 throughout this wavelength region. 

Comments on Priferred Values 

The preferred absorption cross section values are those of 
Johnston and Graham [2]. They are confirmed by the recent 
results of Molina and Molina [1]. The preferred value of the 
quantum yield (lP, equal to unity) is based on the results of 
Johnston et al. [3]. These recommendations are unchanged from 
those given in the previous evaluation, CODATA [4] where de­
tailed discussion can he found. 

A/nm 102oulem2 

260 1.90 
265 1.80 
270 1.63 
275 1.40 
280 1.14 
285 0.88 
290 0.63 
295 0.43 
300 0.28 
305 0.17 
310 0.09 
315 0.05 
320 0.02 
325 0.00 

References 
[1) Molina, L. T., and Molina, M. 1., 1. Photoehem. 15,97 (1981). 
[2) lohnston. H., and Graham, R., J. Phys. Chern. 77, 62 (1973). 
[3) lohnston. H. S .• and Chang, S.-G •• and Whitten. G .. .I. Phys. Chern. 78. 1 

(1974). 
[4) CODATA Task Group on Chemical Kinetics. Baulch, D. L.. Cox, R. A .• 

Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

Primary photochemical transitions 

Reaction 

H02N02 + hv ...... H02 + NO, (1) 
...... HO + NO, (2) 

Absorption cross section data 

89 
164 

Ath~!;hold I nrn 

1340 
730 

Wavelength range/nm Reference Comments 

200-290 
190-330 

Morel, Simonaitis, and Heicklen, 1980 [1] 
Molina and Molina, 1981 [2] 

(a) 
(b) 

Comments 

(a) Measured at 296 K. H02N02 was prepared by photoly­
sis of CI2 at 366 nm in presence of 40-600 mTorr, N02, 20-30 
Torr O2 and H2 at a total pressure of 750 Torr. 

(b) Measured at 298 K and 1 atmosphere total pressure. 
H02N02 was prepared in flowing N2 stream in the presence of 

J. PhYII. Chorn. Ref. Dala, Vol. 11, No.2, 1982 

H20, H20 2, HN03 and H02• The composition of the mixture 
was established by Fourier-transform infrared spectroscopy, by 

the absorption spectrum in the visihle and by chemical titration 
after absorption in aqueous solutions. Two methods were used 
to prepare H02N02• The first mixed 70% nitric acid with 90% 
H20 2, while in the second method solid nitroniumtetrafluoro­
borate (N02BF4) was added to a solution of 90% H20 2• 
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Preferred Values 

Absorption cross sections 

ILlnm ILlnm 

190 1010 260 27.8 
195 816 265 22.4 
200 563 270 17.8 
205 367 275 13.4 
210 241 280 9.3 
215 164 285 6.3 
220 120 290 4.0 
225 <J5.2 2<JtI Z.O 

230 80.8 300 1.6 
235 69.8 305 1.1 
240 59.1 310 0.7 
2>15 4·9.7 315 0.4. 

250 41.8 320 0.3 
255 35.1 325 0.2 

330 0.1 

Quantum yields 
No recommendation can be made for values of ¢>l and <P2 

since there are no data. 

Comments on Preferred Values 

The preferred values are those reported in the recent study 
by Molina and Molina [2]. In the previous evaluation. CODATA 

[3] no recommendation was given, but the results of Graham et 
a1. [41 for 190-330 nm and those of Cox and Patrick [51 for 195-
265 nm were tabulated. The new results in references [1 and 2] 
are in reasonably good agreement with each other. The critical 
wavelength range for atmospheric photodissociation is 290-
330 nm. and data for this region are reported only in references 
[2 and 4]. For this wavelength region the preferred results of 
Molina and Molina [2) are about an order of magnitude smaller 
than the corresponding values reported by Graham et al. [4]. 
although these studies are in reasonably good agreement at 
shorter wavelengths. Owing to lilt:: t.lifficultie" of preparing and 

handling H02N02• the results of Molina and Molina [2] at 298 
K need to be confirmed. Also, temperature dependent studies of 
cross sections and quantum yield studies are needed. 

References 

[lJMorel, 0 .. Simonaitis, R., and Heicklen,J., Chern. Phys. Lett. 73, 38 (1980). 
[2) Molina, L. T., and Molina, M. J., J. Photochem. 15,97 (1981). 
[3] CODATA Task Group on Chemical Kinetics, Baulcb, D. L., eVA, n ....... , 

Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9. 295 (1980). 

[4] Graham, R. A., Winer. A. M., and Pins.]. N.Jr., Geophys. Res. Lett. 5, 909 
(1978). 

[5) Cox, R. A., and Patrick, K., Int. 1. Chern. Kinet. 11, 635 (1979). 

5.4. Organic Compounds 

iJ.H Q = - 285.4 kJ mol-I 

Rate coefficient data 

Absolute Rate Coefficients 

(1.85 ± 0.28) X 10-10 

(1.0 ± 0.2)X 10- 10 

(1.38 ± 0.46) X 10- 10 

l.05XIO- IO 

Reviews and Evaluations 

l.OX 10- 10 

LOX 10- 10 

Comments 

Temp.!K 

300 
259_34.1 

298 

300 

200-300 
200-300 

(a) Discharge flow-photoionisation mass spectrometric 
measurement of CH3 and other species. ° atom concentration 
determined by titration with N02• k determined hy observation 
of CH3 kinetics into steady state. in the reaction of ° + C2H4 • 

Pressure = 0.71 to 2.21 Torr. 
(b) Discharge flow·photoionisation mass spectrometry. ° 

determined by titratation with N02 and k determined from CH3 

approach to steady state. 
(c) Similar experiment to [1] and [2]. Appears to be a less 

precise measurement. 

Slagle, Pruss, and Gutman, 1974 [I) 
W •• hid. "n~ R.y~'. 1976 [?I 
Washida [3] 

Morris and Niki. 1972 [4] 

NASA. 1979 [5] 
NASA. 1981 (6) 

r.omm~nts 

(a) 
(h) 

(c) 

(d) 

(e) 

(e) 

(d) CH3 produced hy H + diazomethane reacted with 0 ill 

a concentric double flow reactor coupled to a Ii me·of·f] ight IIln~~ 
spectrometer. Relative rate codficienh Ii / 
k (0 + C6H 12) = 1.5(C6H 12 = tetramethylcthylclIcl del"I' 

mined from relative slopes of plots of InllR I/INolo) Vh I(} j, 
k (0 + C6H 1Z) = 7.3X 10- 11 cm 3 molecule .. 1, I IIt2(JB K I'll. 

(e) Based on [2]. 

Preferred Value 

k = 1.:1 X I () - I f) em" llIolecule I h' lover J'lUI!!,!; 200-

300 K. 

J. Phya. Chern. ReI. Data. Vol. 11, No.2, 1982 
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Reliability 

..j logk= ±0.2 

..j (E I R ) = ± 200 K 

Comments on Preferred Value 

The various absolute measurements of this rate coefficient 
are only in moderately good agreement considering that all were 
made using the same experimental arrangement. The relative 
rate study of Morris and Niki is in agreement with the direct 
studies, although the authors draw attention to possible errors 
arising from incomplete mixing in their flow tube. The recom· 
mended value of k i~ a ~imple .lieau uf lIlt:: re::;ull::; frum [1]-[4]. 

The results in ref. [1] suggest strongly that the designated reac· 
tion channel is dominant at 300 K . 

References 
[IJ Slagle, I. R., Pruss, F. J., Jr., and Gutman, D., Int. J. Chern. Kinet. 6, III 

(l974). 
[2) Washida, N., and Bayes, K. D., Int. 1. Chern. Kinet. 8, 777 (1976). 
[3) Washida, N., J. Chern. Phys. 73,1665 (1980). 
[4) Morris, E. D., and Niki, H., Int. 1. Chern. Kinet. 5, 47 (1972). 
[5) NASA Ref. Publ. 1049, "The Stratosphere: Present and Future," R. D. 

Hudson and E. I. Reed, editors (1979). 
[6) NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 

Data for Use in Stratospheric Modelling," DeMore, W. B., Stief, 1. 1., 
Golden, D. M. Hampson, R. F., Jr., Kurylo, M. 1., Margitan, 1. J., Mo· 
Iina. M. J., and Watson, R. T., JPL PubL 81-3 (l981). 

[7] Furuyama, S., Atkinson, R. Colussi, A. J., and Cvetanovic, R. J., Int. J. 
Chern. Kine!. 0, 741 (1974). 

0(10) + CH4-+HO + CH3 (1) 

..jHO(l) = 

AHO(2) = 

..jHO(3) 

179 kJ mol- 1 

189 kJ mol- 1 

220 kJ rri.ol- 1 

..jH'(4) = 472 kJ mol- 1 

..jHO(5) = - 564 k.J mol- 1 

-+0(3P) + CH4 (2) 

-+H20 + CH2 (3) 

-+CH20 + H2 (4) 

-+CH30H (5) 

Rate coefficient data (k = k 1 + k2 + k3 + k. + ks) 

k 10m3 mO)Qcule- 1 ::;-1 

Absolute Rate Coefficients 

(1.57 ± 0.13) X 10- 10 

Ratios 

k21k = 0.12 ± 0.04 
k21k 0 

Reviews and Evaluations 

1.4 X 10- 10 

2.4XIO- 1O 

1.5 X 10- 10 

Tcmp.lK 

295 

295 
295 

200-300 
200-300 
200-300 

Commenhi 

(a) 248 nm laser flash photolysis of 03·CH4·He mixtures. 
Time resolved measurement of Oep) by atomic resonance ab­
sorption. 

(b) Branching ratio based on yield of O('P) after all OeD) 
removed in above experiments. 

(c) Supersedes branching ratio given in ref. [1]. Oep) ori· 
ginally attributed to channel (2) shown to result from primary 
photolysis of 03' 

(d) Based on average of values measured by O('D) absorp. 
tion r61 and emission [7] techniques. 

(,,) Bmwrl on measnrements using emission techniques. 

,J. "lIy ... Chllm. ReI. Data, Vol. 11, No.2, 1982 

R-cfcrencc 

Amimoto et aI., 1979 (I] 

Amimoto et aI., 1979 [I] 
Amimoto et aI., 1980 [2] 

NASA, 1979 [3) 
CODATA, 1980 [4] 
NASA, 1981 [5) 

Preferred Valuea 

Commenb 

(a) 

(a) (b) 
(a) (c) 

(d) 

(e) 
(d) 

k = 1.5XlO- 10 cm3 molecule- 1 S-1 over range 200-
300K. 

k 1 /Ie = 0.'); /'4/ Ie - 0.1; /(2/ Ie = 0 over range 200 -300 K. 

Reliability 

..j log k = ± 0.1 at 298 K; ..jk1/k = ..jk41k = ± 0.1. 

..j (E IR) = ± 100 K. 
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Comments on Preferred Values 

The new direct measurements of k obtained by monitoring 
Oep) formation [1] show excellent agreement with the earlier 
data based on time resolved emission from OeD), and are in 
disagreement with the O(ID) absorption work. The latter is 
therefore rejected. The preferred value is now a mean of the 
values given in ref. [1] and Davidson et a1. [7], and has a corre­
sponding reduced uncertainty. The preferred values for the 
branching ratios and the temperature dependence are un· 
changed from the previous CODATA evaluation [4]. 

L1H· = - 60.4 kJ mo}-I 

References 
[1] Amimoto, S. T., Force, A. P., Gulotty, R. G., and Wiesenfeld,]. R.,J. Chern. 

Phys. 71, 3640 (1979). 
[2] Amimoto, S. T., Force, A. P., Wiesenfeld,J. R., and Young, R. H., J. Chern. 

Phys. 73,1244 (1980). 
[3] NASA Ref. Pub!. 1049, "The Stratosphere: Present and Future," R. D. 

Hudson and E. I. Reed, editors (1979). 
[4] CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hampson, R. F., Jr., Kerr, J. A., Troe,]. and Watson, R. T., J. Phys. 
Chern. Ref. Data 9,295 (1980). 

15] NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 
Data for Use in Stratospheric Modelling," DeMore, W. B., Stief, L. J., 
Coldcn~ D. M.~ Hampaon, R. F" jr., Kurylo, 1\{. J., Marsitnn, J. J., 
Molina, M. J. and Watson, R. T. JPL Publ. 81-3 (1981). 

[6] Heidner, R. F., III, and Husain, D., Int. J. Chern. Kinet. 5, 819 (1973). 
[7] Davidson, J. A., Schiff, H. I., Streit, G. E., McAfee, J. R., Schmeltekopf, A. 

L., and Howard, C. J., J. Chern. Phys. 67, 5021 (1977). 

Rate coefficient data 

Ab'Qiute R .. 'e Coefficient. 

I.32X 10- 17 TL<J2 exp( 1355/T) 
(7.50 ± 0.60) X 10- 15 

R-cvicW5 and Evaluation 

2.4X 10- 12 exp( I7l0IT) 
2.4X 10- 12 exp( - I7l0IT) 
2.4XlO- 12 exp( -I7l0IT) 

Comments 

Ternp.lK 

298-1020 
298 

200-300 
200-300 
200-300 

(a) Flash photolysis of Ar.H20.CH4 mixtures. First order 
decay of [HO] monitored by resonance fluorescence. 

(b) Based on work of Davis et a!. [5] who have reported the 
only data for T < 296 K. 

Preferred Values 

k = 8.0 X 10- 15 cm3 molecule -I s -I at 298 K. 
k = 2.4X 10- 12 exp( - 1710IT) cm3 molecule-I 5- 1 

over range 200-300 K. 

Reliability 

L1log k ± 0.1 at 298 K. 
~ (E / R ) = 1. 200 K. 

Comments on Preferrd Values 

The new data [1] confirm the previous conclusion of non· 
Arrhenius behavior for this reaction. The expression for the 
temperature dependence given in [1], fits well the data over the 
whole range and also a recent value at 1300 K [6], and should be 

Reference 

Tully and Ravishankara, 198011] 

NASA, 1979 [2) 
CODATA, 198013) 
NASA,1981]4) 

(a) 

(b) 

(b) 

(h) 

used in preference to the previously recommended expression 
for temperatures> :100 K [3], which was based on earlier work 
of Zellner and Steinert [7]. The preferred value for the range 
200-300 K is unchanged from the previous CODATA evalua· 
tion since no new data for T < 298 K have been reported. Of 

interest for atmospheric chemistry is the recent determination of 
the carbon kinetic isotope effect 11k I 13k = 1.0028 ± 0.0021 
where 12k and 13k refer to the rate coefficients for reaction ofHO 
with 12CH4 and 13CH4 at room temperature [8]. 

References 
II] Tully, F. P., and Ravishankara, A. H., J. Phys. Chern. 84, 3126 (291l0). 
]2] NASA Ref. Pub!. 1049, "The Stratosphere: Present and Future," H. n. 

Hudson and E. I. Heed, editors (1979). 
]3] CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, H. /\ .. 

Hampson, R. F., Jr., Kerr, J. A., Troe, J., an'd Watson, H. T .. .I. I'll,., 
Chern. Ref. D .. ", 9, 295 (19BO). 

14J NASA Panel for Data Evaluation, "Chemical Kine!;" at,,1 1'1,01""11,·" .. ,,,1 
Data for Use in Stratospheric Modelling," DeMore. W. B .. ~li,'I. I.. .I.. 
Golden, D. M., Hampson, R. F., Jr., Kurylo, M. J., Mmgll" ... .1 .I,. 
Molina, M. J., and Watson, R. T., JPL Pub!. 81·':\ l1'lH I). 

[5] Davis, D. D., Fischer,S., and Schiff, R., J. Chem. ""y'. f> I. :';: 1.", I) 'li·ll 

16J Ernst, l, Wagner, H. Gg., and Zellner, H., Ber, B.II"'·"I'" I'il,", 1.1".", H2. 

409 (1978). 
[7] Zellner, R., and Steinert, W., Int. J. Chem. Kin"1 ll, :,'i'i II'r:(o) 

[8] Rust, F., and Stevens, C. M., Int. J. 0",111. K i",·, 12. T; I II '!lI()1 

J. Phys. Chern. Ref. Data, Vol. 11, No.2, 1982 
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HO + C2H2 + (M)--,-.C2H20H + (M)--,-.C2H + H20 + (M) (1) 

AHO(l) 17 kJ mol- I 

AHO(2) = 239 kJ mol-I 

L1HO(3) = 109 kJ mol-I 

AHO(4) - 126 kJ mol-I 

AHO(5) = -105 kJ mol- I 

k lem3 molecule-I S-I Temp.lK 

Absolute Rate Coefficients 

lXlO- 12 300 
2.5XI0- 14 298 
(1.9 ± 0.6) X 10- 13 298 
2.0 X 10-" exp( 253fT) 210-400 

8.5XlO- 13 298 
(2.0 ± 0.6) X 10- 13 298 
(1.65 ± O.IS)X 10- 13 298 
1.(1l X 10- 12 pyp( (~19±?0I)IT) 9Qfl_4?? 

(6.79 ± 0.70)X1O- 13 298 
5.31 X 10- 13 exp( 1001T) 570-850 
3.8XIO- 13 298' 
(6.83 ± Ll9)x 10- 12 exp( - (646 ± 47)/T) 228-413 
(7.76 ± 0.73) X 10-1> 298 

Reviews and Evaluations 

1.26 X 10- 12 exp( - 5531 T) 300-2000 
2X1O- 13 300-1000 
2.0X 10- 12 exp( 251/T) 210-460 

Commenb 

(a) Fast-flow-discharge study. Pressure -1 Torr He or Ar. 
HO generated by H + N02 reaction. [HO] monitored by e.s.r. 
CzHz in CXeC3$. Value of 1. quoted is actually nk where n is an 

undetermined stoichiometry coefficient. 
(b) Fast-flow-discharge study of the 0 + C2H2 reaction. 

Pressure 2.4 Torr Ar. E.s.r. detection of 0, H, and HO. HO 
removal in latter part of the reaction attributed to reaction with 
C2H2 but k could only be estimated. 

(c) Fast-flow-discharge study. Pressure of Ar unspecified 
but presumably a few Torr. HO generated by H + N02 reaction. 
[HO] monitored by e.s.r. Stable products analyzed by mass spec­
trometry and hence stoichiometric coefficient for HO consump­
tion determined. Product analysis suggests that channels (1) and 
(5) predominate. 

(d) Flash photolysis of H2/N20/C2H2 or H20/C2H2 mix­
tures diluted with He. Pressure range 10-20 Torr He. [HO] 
monitored by re50nance fluore~cence. 

(e) Fast-flow-discharge study. Pressure 1 Torr He. HO gen­
erated by H + NOz reaction. [HO] monitored by absorption at 
309 nm. Values of k obtained from nk using value of n measured 
in [3]. Value of k obtained also under conditions of large C2 H2 

excess. Values from the two sets of conditions agree. 
(f) Flash photolysis ofH20/C2H2 mixtures with He diluent 

(20-500 Torr). No pressure dependence found. Dependence of 
k on /lash energies observed and conditions chosen to avoid 

J. PhYIi. Chern. Ret. Data, Vol. 11, No.2, 1982 

~CH3 + CO + (M) (2) 
--,-.CH2CO + H + (M) (3) 
--,-.CH2CHO + (M) (4) 
--,-.CHCO + H2 + (M) (5) 

Reference Comments 

Wilson and Westenberg, 1967 [1] 
Bradley and Tee, 1969 [2] 
Breen and Glass, 1970 [3] 
SmIth and Zellner, 1975 [4) 

Pastrana and Carr, 1974 (5) 
Davis et aI., 1975 [6] 
Pprry. AtkiMon, and Pitts, 1977 [7] 

Vandooren and van Tiggelen, 1977 [8] 

Michael el aI., 1980 [9J 

Kondratiev, 1970 [10 J 

Wilson. 1972 [14] 
Anderson, 1976 [15] 

such complicatium; UUtl Lu btlt.:UllU",y ,eacti0115. 

(a) 
(b) 

(e) 
(d) 

(e) 
(f) 
(g) 

(h) 

(i) 

(j) 
(k) 

(I) 

(g) Flash photolysis ofH20/C2H2 mixtures with Ar diluent 
(25-400 Torr). Flow system used to avoid accumulation of pro­
ducts. Pressure dependence of k observed. Arrhenius expres· 
sion is for k at 200 Torr Ar. Later study [9] suggests that at this 
pressure k would still be in its pressure dependent region at 
higher temperatures in the range studied. 

(h) Low pressure C2H2 /02 flame. Molecule beam sampling 
into mass spectrometer used to analyze for flame species. Large 
concentrations of ketene found and attributed to reaction (3). 

(i) Flash photolysis ofH 20/C2H2 mixtures with Ar diluent 
(10-1100 Torr). Resonance fluorescence detection of HO. Pres­
sure dependence at 5 temperatures in range studied. Arrhenius 
expression quoted is for high pressure limiting values of k. 

(j) Based on high ternptlfilLUftl ftl::;uil::; uf[Ul, [12] and erro­

neous low temperature results of [13). 
(k) Accepts room temperature value of [3] and assumes 

zero activation energy. 
(I) Accepts results of [4]. 

Preferred Values 

k = 7.3X 10- 13 cm3 molecule- I 
S-1 at 298 K and 760 

Torr pressure. 
k = 6.5 X 10- 12 exp( - 65011') cm3 molecule -I S-1 

over the range 220-410 K, at 760 Torr pressure. 
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Reliability 

~ log k = ± 0.2 at 298 K and 760 Torr pressu~e. 
~ (E I R ) = ± 200 K, . 

Comments on Preferred Values 

Despite s~veral studies by different techniques there is lit­
tle agreement on the favored reaction channels, the characteri· 
:6I1LiU11 uf LIlt: pn:,,;,,;un: ucpt:lltlcllt;c, auu U11 v IIluc:,; fUl· Lhc ntlt: 

parameters. 
Evidence from crossed molecular beam studies [16], [17] is 

conflicting, one favoring channel (2) and the other finding evi· 
dence only for (3). Produ~t analysis from a fast-flow discharge 
system suggests the occurrence of (5) but in a flame study large 
concentrations of ketene 'were found, also supporting (3). More· 
over if the reaction proceeds by addition to give an intermediate 
which can be stabilized by collision, the findings of these low 
pressure studies may not apply at higher pressures. Although 
the existence of any effect of pressure on the rate coefficient has 
been disputed two recent studies [7], [9] provide convincing 
evidence for it, and it seems likely that reaction occurs, at least 
in part, by adduct formation, the final product distribution he· 
ing hULh prcllllureand temperature dependent. 

There is considerable scatter in the values reported for k 
which, only to a degree, can be reconciled by the effects of pres­
sure on the rate. The recent extensive study by Michael et aL [9] 
is considered to be the most reliable and is in agreement in the 
high pressure region with earlier flash photolysis work [7]. The 
preferred value at 298 K is based on [7] and [9]. At 1 atmos· 
phere Ar the· reaction appears to be in. its limiting first order 
region at least to temperatures up to -400 K[9]. The preferred 

temperature dependence is taken from [9] since earlier studies 
were carried out wholly, or in part, in the pressure dependent 
regime. .. 

At low pressures there are clear discrepancies between the 
flash photolysis studies and between them and the flow·dis­
charge results. Further work is required to clarify the pressure 
dependence of k and the product 9.lstribution. 
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Rate coefficient data 

k Temp.lK 

Absolute Rate Coefficients 

(1.26 ± 0.25) X 10- 12 exp«455 ± 70)fT) 299-497 
(5.51 ± 0.15) X 10- 12 (100 Torr He) 298 
1.8 X 10- 12 (1 TorrAr) 300 
7.5X 10-12 exp( HOlT) 210-460 
5.1X 10~12 (10-20 Torr He) 300 
(5 ± 1.7) X 10- 12 (20 Torr He) 300 
(5.33 ± 0.65) X 10- 12 (300 Torr He) 300 
(6_23 :±: 0_33) x 10- 12 (760 Torr HP) 38.1 
(7.31 ± 0.33) X 10- 12 416 
2.5 X 10- 12 (7 TOrT He) 296 
2.18Xl0- 12 exp«390 ± 150)/T) 298-:425 
(7.85 ± 0.79) X 10- 12 (225-650 Torr Ar) 298 
(10.0 ± 1.7) X 10- 12 (400 Torr SF6, CF4 , He) 296 

Relative Rate Coefficients 

(8.1.± 1.6) X 10- 12 (760 Torr air) 305 

Reviews And Evaluations 

2.7XIO- 1O exp( - 28301T) 350-1400 
1.8 X 10- 12 300 
5XlO- 12 

Reference 

Greiner, 1970 [1] 

Morris, Stedman, and Niki, 1971 [2] 
Smith and Zellner, 1973 [3J 

Stuhl, 1973 [4J 
Davis et a!., 1975 [5] 
Gordon and Mula", 1975 [6] 

Howard, 1976 [7] 
Atkinson, Perry, and Pitts, 1977 [8] 

Overend and Paraskevopoulos, 1977 [9] 

Lloyd et aI., 1976 [10] 

Kondratiev, 1970 [11] 
Kerr and Parsonage, 1972 [12J 
Wilson, 1972113] 

Comments 

(a) 

(b) 

(e) 

(d) 
(e) 
(I) 

(v.' 
(h) 

(k) 

(J) 

(m) 
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Comments 

(a) Flash photolysis ofH20/He/CzH4 mixtures. Pressures 
stated to be as in other experiments in the series. i.e., 100 Torr 
He. [HO] monitored by UV absorption using photographic de­
tection. 

(b) Fast flow discharge study. Total pressure, 1 Torr Ar. 
HO generated by reaction of H atoms with N02• Mass spectrom­
etry used to monitor [HO] and [C2H4]' Mass peaks correspond­
ing to adduct (CZH40H) observed. 

(c) Flash photolysis of H.O/He/C.H .. mixtllrp.~ Re~o­

nance absorption used to monitor [HO]. Total pressure, 10-200 
Torr He. 

(d) Flash photolysis of H20/He/C2H4 mixtures. Reso· 
nance fluorescence and multichannel scaling used to monitor 
[HO]. Total pressure, 20 Torr He. 

(e) Flash photolysis of HzO/CzH4 /He or Nz mixtures. Res­
onance fluorescence detection ofHO. Pressure range 3-30 Torr 
He. Rate constant shown to be pressure dependent. 

(t) Pulse radiolysis of H20 (760 Torr) in presence of small 
quantities ofC2H4 • [HO] monitored by uv absorption spectrosco­
py. 

(g) Fast·f1ow discharge study. HO generated by reaction of 
H with NOz. [HO] monitored by laser magnetic resonance. Pres· 
sure. 0.7-7 Torr He. Secoml ornp.r r"te constant shown to be 
pressure dependent. Value of k tabulated obtained from linear 
plot of Ilk versus 1/[He] by extrapolation to 1/[He] = O. 

(h) Flash photolysis of flowing HzO/C2H41 Ar mixtures 
over pressures range 10-65U Torr Ar. LHU J monitored by reso· 
nance fluorescence. Second order rate constant found to be pres­
sure dependent. 

(i) Flash photolysis of HzO/CzH4 and N20/H2 /C2H4 with 
a variety of diluent gases (H20, SF 6' CF4 • He) at pressures in 

p/torr 
0.1 

0 
-11. n 0 

0° CQ) '2J 
<lll 

-1 I. 2 8 

, 0 
'" 

";' 
-1 I. 4 

0 • ~ 
~ 

range 50-400 Torr. 
G) Environmental chamber using photolysis of NO.Jair 

mixture at 760 Torr in the presence of small amounts of C2H4• 
[CO], [C2H4]. [HOJ, [03] measured. Results compared with si­
milar experiments using n·C4H 10 in the place of CZH4• Hence k I 
k (HO + n-C4H lO) = 2.88 obtained. k (HO + n-C4H IO) 

= 3.0 X 10 -12 cm3 molecule -I s -I (a mean value of several 
determinations (14-17]) used to calculate k. 

(k) Based on high temperature data (18]. [19], and errone· 
ous low temperature results [20]. 

(I) Selects low pressure result of [2]. 
(m) Based on [1] and low pressure flow discharge study 

[21]. 

Preferred Values 

k = 8.0 X 10- 12 cm3 molecule -I s -I at 298 K and 760 
Torr pressure. 

k 2.2XIO- 12 exp(400IT) cm3 molecule- I S-I over 
the range 250-500 K, at 760 Torr pressure. 

Reliability 

..::1 log k ± 0.2 at 298 K and 760 Torr pressure. 

..::1 (E I R ) = ± 200 K. 

Comments on Priferred Values 

Reaction may occur by addition or by H abstraction. De· 
spite suggestions to the contrary [22] there is compelling evi­
dence from the kinetics and from product analysis to suggest 
that at temperatures in the neighborhood of 300 K the abstrac· 

10 1"0 )0:)0 

* 
0 * 

At. At. .0 
• 

f----@--j At. <I • • • • • (J M=He.refIHI * ~ • ~ 

0 
-11. 6 •• ...... ret (3) 

" • * ,.fl171 • ret! 5J .., •• i'l '" 
• rof471 • rqf r 6) 

"'- • ::: -11. B /:, M~Ar, rol:21 .., • ~ • M= H,.refI51 

• • <) M= Air. ,ef 1101 

-12." -A M:sr •• CF4,refl~l 

o M=N,O/H"retl9) 

• o H=HO.SOforcH •. refl91 

-12. 2 ~ 

-1.0 C 1.0 2.0 3.0 

log (p/torr) 

FIGURE 6. Pressure dependence of k (HO + C2H.). For the mixtures H20 + 50 Torr He the He pressure was held 

constant, and the H20 pressure varied in the range 0.04-4 Torr. Values of k have been plotted as a function 
of the H20 pressure only. 
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lion pathway is negligible. 
Several studies have shown the second order rate constant 

to be pressure dependent. Fall·off is appreciable at pressures 
below ~200 Torr for He. The pressure dependence of k is 
shown in figure 6 where all the available results at 298 K are 
I)lotted. A notable feature is the apparently high efficiency of 
water in stabilizing the adduct, but this finding remains to be 
confirmed. The pressure dependence of k is largely responsible 
for the apparent lack of concordancy of early measurements of k 
which were performed at differing pressures with various di· 
luent gases. We make no attempt to evaluate k in the fall·off 
region but it can probably be derived to within a factor of about 2 
from the figure. 

SiU{;1:! itt 760 Tun tlIt: plt:~~Ull:! lkpt:uJI:!II{;t: uf}.; i~ ~mall it i~ 

possible to compare results obtained at this pressure with differ· 
ent third bodies. At 298 K these results scatter over a range of 
approximately two with no obvious correlation with techniques 
or conditions. The preferred value is placed towards the upper 
end of the range to agree with most of the more recent results [8-
10] with error limits which accommodate all of the results at this 
prl:!SSUll:! awl ll:!11Ipl:!ralurl:!. 

The preferred temperature dependence is that of [8]. The 
two other studies yielding values of E I R were performed at 
lower pressures and are more likely to have been influenced by 
fall·off effects, although the results of [1] is in fair agreement 
with the recommended expression. 

Little is known of the subsequent reactions of the therma· 
lized adduct radical. 

tJ.HO - 89.S kJ mol-I 
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Rate coefficient data 

k Icrn 3 molecule-I S-I Ternp.lK 

Absolute Rate Coefficients 

(1.86 ± 0.30)X 10-" exp( - (1232 ± 53)11') 300-500 
(3.10 ± 0.7)X 10- 13 297 
(2.64 ± 0.17)X 10- 13 295 
(6.6 ± 0.3)X 10- 13 381 
(8.0 ± 0.5)X 10- 13 416 
(2.9 ± 0.6)X 10- 13 296 

Reviews and Evaluations 

1.28 X 10- 10 exp( - 1800/T) 300-1500 
2.14X 10- 10 exp( 2000/T) 302-793 
(1.08 + 0.08)XI0- IO exp( 1800/Tl 300-2000 

Comments 

(a) Flash photolysis of H201 ArlC2H6 mixtures at a pres· 
sure oflOO Torr. [HO] monitored by uv absorption spectroscopy 
using photographic detection. 

(b) Flash photolysis of H20/H2 /C2H6 mixtures at SO Torr 
pressure. [HO] monitored by uv absorption spectroscopy. 

(c) Pulse radiolysis of H20 (1 atmosphere) in the presence 
of small quantities of C2H6• [HO] monitored by uv absorption 

Reference Comments 

Greiner, 1967, 1970 [I] (a) 

Overend, Paraskevopoulos, and Cvetanovic, 1975 [2] (b) 
Gordon amI Mula", 197513] (c) 

Howard and Evenson, 1976 [4J (d) 

Drysd .. 1e and Lloyd, 1970 [5] (,,) 

Kondratiev, 1970 [8] (I) 

Wilson. 1972 [IO] (,,) 

spectroscopy. 

(d) Fast-flow discharge study. HO gen.~raled by n~al:ti()l1 of 
H atoms with N02; C2116 added dowDslrt:um in large excehS. 
[HOl monitored by laser magnelic n:sollallc,:. 

(e) Accepts temperat\lre dependence of I ()I bllt rejeelS ahso­
lute values of 16] in favt)f of the "'It' value of III al :W2 K. Also 
uses 17]. 

(f) Based 011 values 'If I J I <It :l02 K and of II)] at 793 K. 
(g) Based 01111, II-J:ll. 
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Preferred Values 

k = 2.9X 10- 13 cm3 molecule- J s-J at 298 K. 
k = 1.9XlO- 11 exp( -1230IT) cm3 molecule- l s-1 

over range 290-500 K. 

Reliability 

.J log k = ± 0.1 at 298 K. 

.J (E I R ) = ± 150 K. 

Comments on Preferred Values 

Recent measurements at -300 K by flash photolysis and 
discharge flow methods are in excellent agreement [1,2,4]. The 
only detailed measurement of the temperature coefficient of the 
rate constant in the range 300-500 K is that of [1], which we 
adopt as our preferred value. This expression is in good agree­
ment with other results at -300 [2,4], the higher temperature 
values of[3] and, on extrapolation, is compatible with flame and 
shock tube measurements up to 1000 K. 
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HO + HCHO--H20 + HCO (1) 

.:lHO(l) = - 135 kJ mol- 1 

.:lHO(2) = - 91 kJ mol- 1 

.:lHO(3) 64.7 kJ mol- 1 

__ H + HCOOH (2) 
__ H + CO + H20 (3) 

Rate coefficient data (k k 1 + k2 + k3) 

k moleeule- 1 5- 1 

Absolute Rate Coefficients 

(1.05 ± O.ll)X 10- 11 

Branching Ratios 

k2 0 
k3>O 
k2Ik<O.18 

Reviews and Evaluations 

LOX 10- 11 

l.3X 10- 11 

1.0 X 10-11 

Commenh 

Temp.lK 

228-363 

296 

300 

200-300 
200-400 
200-300 

(a) Flash photolysis-resonance fluorescence study; kinde­
pendent of [HCHO] (0.6-2.5 mTorr), [Ar] (20-80 Torr) and 
flash intensity (i.e., initial [HO]). 

(b) Results based on absence of HCOOH formation and 
observed <P (CO) + <P (C02) in the photolysis of HCHO·N02 mix­
tures at 366 nm. 

(c) Results based on computer modelling of earlier data [7] 
for HCOOH formation in photo·oxidation of CH30:\'0, and as­
suming channel (2) is only source of HCOOH in the system. 
Hecent work suggests that the latter assumption is probably 
incorrect 18]. 

• J, '·hYIi. Chern. Ref. Data, Vol. 11, No.2, 1982 

Reference 

Stief et aI., 1980 [1] 

Morrison and Heicklen, 1980 [2] 

Cox et al., 1980 [3] 

NASA, 1979 [4J 
CODATA, 1980 [5J 
NASA, 1981 [6] 

Comments 

(a) 

(b) 

(e) 

(d) 
(e) 

(d) 

(d) Based on direct measurements induulI1!!) [1]. 
(e) Average of k values from direct studies [9,10). 

Preferred Value~ 

k LIXlO- 11 cm3 molecule- 1 
$-1 over range 200-

425K. 

Reliability 

.:llogk = ± 0.1 at 298 K. 

.:l (E I R ) = ± 150 K . 



KINETIC AND PHOTOCHEMICAL DATA FOR ATMOSPHERIC CHEMISTRY 415 

Comments on Priferred Value, 

The new data ref. [1] are in excellent agreement with the 
previous flash photolysis study of Atkinson and Pitts [9], but 
slightly lower than the discharge flow result of Morris and Niki 
[10] and the relative rate study at 1 atm pressure of Niki et al. 
[11] i.e. 1.4X 10- 11 cm3 molecule -I s -I. The preferred value 
of k is a mean of values from refs. [1], [9] and [10] and is inde­
pendent of temperature. It seems clear that (1) is the major 
reaction channel. It would appear from the results in ref. [2] that 
channel (2) does not occur, but it is probable that a fraction of the 
product HCO species are sufficiently energetic to decompose to 
H + CO within a short time, making the overall channel (3) a 
,ignificant pathway. 

The branching ratio k3/ k may be pressure dependent, but 
the data relating to the branching ratio are not sufficiently reli­
able to provide a basis for recommendation. 
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HO + CH30H-+H20 + CH20H (1) 

i.1H·(l) = - 106.0 kJ mol-I 

i.1H·(2) = - 65.5 kJ mol-I 

-+H20 + CH30 (2) 

Rate coefficient data (k = k I + k2) 

(1.06 ± 0.10)X 10- 12 

(1.0 ± O.I)x 10- 12 

Relative Rate Coefficients 

(9.4± 1.5)XIO- 14 

(1.47 ± 0.30)X 10- 14 

(1.06 ± 0.11) X 10-:2 

Comments 

Temp.lK 

296 
298 

298 
350 
292 

(a) Flash photolysis; resonance absorption measurement of 
HO decay under pseudo first order conditions. 

(b) Flash photolysis; HO followed by time resolved reso­
nance fluorescence. 

(c) Steady state photolysis of N20 at 213.9 nrn in presence 
of CH30H and CO. Relative rate ratios given: k / 
k (HO + CO) = 0.63 ± 0.10 at 298 K and 0.98 ± 0.20 at 350 
K. Total pressure 28-203 Torr. The values given are obtained 
usingk (HO + CO) = 1.5 X 10- 13 cm3 molecule -I s -I the CO­
DATA recommended value for < 100 Torr and O2 absent, at 
both temperatures. 

(d) Thermal decomposition of H20 2-N02-CH30H-CO mix­
tures. k measured relative to reaction of HO with CO k I 
k (HO + CO) = 6.7 ± 0.7 at292 K.kcalculated using low pres­
sure, O2 free value of k (HO + CO) = l.5 X 10- 13 cm3 mole­
cule-Is- I_ 

Reference 

Overend and Pareskevopoulos, 1978 r 1] 
Itavisbankara et aI., 1978 [2] 

Osif, Simonaitis, and Heicklen, 1975 [3] 

Campbell, McLaughlin, and Handy, 1976 [4] 

Preferred Value 

Comments 

(a) 
(b) 

(c) 

(d) 

k = l.OX 10- 12 cm3 molecule-I 5- 1 at 2')g K. 

Reliability 

i.1log k = ± 0.1 at 298 K. 

Comments on Pr4'erred Valil/' 

The recomme!ld"d \,;,J,I<' ~~qli I--. ", I", .. d ,." II,.. I"" ,J'II','I 

studies [l, 2) whidl "1'1' ill ,·x,",·, I"" I "," ""'11"'''' \\ "I, ";11 I, .il III" 

and with th,~ n'\,,' iv,' J';J I,' ,I, "h ,oj ( """I" ",II ,'1 .d, 1.'\ I 'II,.., ","I>. 

of Os if el al.l 11.1 .... 1.,.111 1 111)1" ',/'1 It 111··.1 \ II ,'j rill. 1III i 1);11 d \ :1',;, 1"/''''.1111 

of JllisirJI(·rllrl'I;1111I.1 (II till' 1'"rlll:II'\ 1')11'11,11';11 ·-.\ .... 1'·111 11 .... '·11. I"li:r­

tl)('rtlllll'l', II '" 1lI:o'I";J' II 1""1, \ "I"" I", I. II \I I I 1:1 I) (".,' dala 

,1" ... ,1'", III) I (:(Ji '''. ;"I'I""I,"al" I",. iI". '~"!o'1I1. '1'111' 1'I·,.IIlh 
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are therefore rejected. 

There is no reliable temperature dependence study of this 
reaction and therefore an Arrhenius expression cannot be given. 
There are also no experimental data for the branching ratio k 1 I 
k2 • However it is probable that the more exoergic channel (1) is 

dominant on energetic grounds. 

.tJH" = - 138 kJ mol-I 

References 

[I] Overend, R., and Para5kevopoulos, G .• J. Phys. Chern. 82, 1329 (1980). 
[21 Ravishankara, A. R., Wagner. 5., Schiff, R., and Davis, D. D .• J. Phys. Chern. 

82.2852 (1978). 
[31 Osif. T. L., Simonaitis, R., and Heicklen, J., J. Photochem. 4. 233 (1975). 
[4] Campbell, 1. M., McLaughlin, D. F., and Handy, B. J., Chern. Phys. Letters 

38,362 (1976) . 

Rate coefficient data 

k lem' molecule -1 a-I 

Absolute Rate Coefficients 

(1.5 + 0.38) X 10- II 

6.87 X 10- 12 exp«260 ± 150)/T) 
(1.60 ± 0.16)X 10- 1 

Relative Rate Coefficients 

<2XlO- 1I 

(1.5 ± 0.16)X 10- 11 

(1.20 ± 0.4) X 10 II 

Comments 

Temp.lK 

300 
299-426 
299 

295 
298 
:G'.I1l 

(a) Fast-flow discharge study. HO produced by H + N02 

reaction. [HO] and [CH3CHO] monitored by mass spectrometry. 
(b) Flash photolysis of H201 Ar/CH3CHO mixtures. [HO] 

monitored by resonance fluorescence. Ga~es flowed through re­
action cell to avoid accumulation of products. 

(c) Photolysis of dilute mixtures of HOND, NO, N02, and 
CH3CHO in synthetic air at atmospheric pressure [NO] and 
[N02J monitored by ozone·chemiluminescence technique. 
CH3 CHO determined by gas chromatography. k! k (HO 

+ HONO)<3.1 ± 0.4 measured. k (HO + HONO) 
= 6.6 X 10- 12 cm3 molecule -1 s -I (authors' value) used. 

(d) Photolysis of HONO in C2H4 /CH 3CHO/air mixture. 
[C2H4 ] and [CH3CHO] monitored by long path Fourier trans­
form infra-red spectroscopy.k Ik (HO + C2H4) = 1.9 ± 0.2 ob­
tained. Value of k found using k (HO + C2H4) = 8.0 X 10- 12 

cm3 molecule-I 8-
1 (CODATA evaluation). 

(e) Photolysis of HONO/synthetic air mixtures containing 

traces of C2H4 and CH3CHO. [C2H4] and [CH3CHO] monitored 
by gas chromatography. k Ik (HO + C2H4) = 1.50 ± 0.50 mea­
sured.k (HO + C2H4) = 8.0 Xl 0- 12 cm3 molecule -1 s -1 (CO· 

DATA evaluation) used. 

Preferred Values 

k 1.6XIO- 11 cm3 molecule-I 8-
1 at 298 K. 

k = 6.9 X 10 -12 exp(260IT}cm3 molecule -1 s -lover 

range 298-450 K. 

J. Phyn. Chum. Ref. Data, Vol. 11, No.2, 1982 

Reference 

Morris, Stedman, and Niki, 1971 [1] 
Atkinson and Pitts, 1978 [21 

Cox et al .• 1976 [3] 
Niki et al .. 1978 [4] 
Kerr and Sheppard. 1981 [b] 

Reliability 

.tJ log k ± 0.1 at 298 K. 

.tJ (E I R ) = ± 300. 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(e) 
(d) 
te) 

All the available data at ambient temperatures are in excel­
lent agreement. In the only study of the temperature variation of 
the rate coefficient a small negative value was obtained [2]. AI· 
though there appear to be a few other examples of such negative 
dependences for hydrogen abstraction reactions, it is unusual, 
and until confirmed wider error limits are suggested for this 
value of E I R. 

References 
[II Morris, E. D.,]r., Stedman, D. H.,and Niki, H.,J. Am. Chern. Soc. 93, 3570 

(1971). 
[2) Atkinson, R., and Pitts, 1. N., Jr., J. Chern. Phya. 68, 3581 (1978). 
[3] Cox, R. A., Derwent, R. G., Holt, P. M., aut.! Ken, J. A., J. Ct.em. Soc. 

Faraday Trans. 1 72,2061 (1978). 
[4] Niki. H., Naken, P. D., Savage. C. M., and Breitenbach. L. P.,]. Phys. Chern. 

82, 132 (1978). 
[5) Kerr, 1. A., and Sheppard, D. W., Environ. Sci. Techno!. 15,960 (l981). 
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Rate coefficient data 

k fem3 molecule I s I 

Absolute Rate Coefficients 

"1.7XI0-1~ 

Comments 

Temp.lK 

299 

(a) Flash photolysis of HzO/CH3C03NOz/Nzl Ar mix­
tures. [HO] monitored by resonance fluorescence. 

Preferred Value 

k<2 X 10- 13 at 298 K. 

Reference Comments 

Winer et aI., 1977 [I] (a) 

Comments on Preferred Value 

Only an upper limit is available. 

References 
[I] Winer, A. M., Lloyd, A. C., Darnall, K. R., Atkinson, R., and Pitts,J. N.,Jr., 

J. Phys. Chem. 82, 1581 (1970). 

H02 + CH30~02 + CH300H (1) 

..:1HO(l) = -157.2 kJ mol-I 

..:1HO(2) = + 27.4 kJ mol-I 

~HO + O2 + CH30 (2) 

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

k f em' molecule I s I 

Relative Rate Coeftlcients 

1.3 X 10-12 

Reviews and Evaluations 

6.0X1O-' 2 

6.5X 10- 12 

7.7 X 10- 14 exp( + 1300fT) 

Comments 

Temp.lK 

298 

298 
298 
298 

(a) Steady state photolysis of (CH3hNz-02 mixtures with 
product analysis by FTIR Spectroscopy. Rate coefficient ob­
tained from computer simulation of product CH300H, assum­
ing formation only by reaction of CH30 2 and HOz, the latter 
being produced in secondary reactions in the system. The value 
of k was dependent on the rate coefficients for reactions forming 
and removing HOz, as well as the branching ratio for CH30Z 
disproportionation. 

(b) Based on a direct measurement, ref. L5J. 

Preferred Values 

kl = 6.::iX 10- 12 cm~ molecule-I 8- ' at 298 K and 760 

Torr pressure. 
kl = 7.7XlO- 14 exp( + 1300/T) cm3 molecule- 1 

S-I 

over range 275-338 K and 760 Torr pressure. 

Reliability 

..:1 log k = ± 0.7 at 298 K and 760 Torr pressure. 

..:1 (E / R ) = ± 700 K at 760 Torr pressure. 

Reference 

Kan. Calvert, and Sha w, 1980 (I] 

NASA. 1Q7() [?] 
CODATA, 1980 (3) 
NASA, 1981 (4) 

Comments on Preferred Values. 

Comments 

(a) 

(b) 

(b) 
(b) 

The preferred value for kl is based on the Arrhenius 
expression given by Cox and Tyndall [5] using molecular modu· 
lation. I n view of possible pressure dependence from a complex 
reaction mechanism (c.f. the reaction HOz + HOz-+products) 
the preferred value is only recommended for 760 Torr pressure. 
Channel (2) is considered negligible at low temperatures in view 
of the reaction endothermicity. 

The new .dati,e lale Jalal;jive:; k1 al298 appcoximatcly a 
factor of 4 lower than recommended. In view of the uncertainties 
in the complex chemical system employed, no weight is given to 
this result at this time. However, there is need for further studies 
of the kinetics of this reaction and until more information is 
available we have widened the uncertainty limits to encompass 
the new data. 

References 
[I) Kan, C. S., Calvet, J. G., and Shaw, J. H., J. Phy,. Chern. 84, :1411 (19110). 
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12) NASA Ref. Publ. ]049, "The Stratosphere: Present and Future," R. D. 
Hudson and E.!. Reed, editors (1979). 

[3J CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 
Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

[4J NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 
Data for Use in Stratospheric Modelling," DeMore, W. B., Stief, L. J., 
Golden, D. M. Hampson, R. F., Jr., Kurylo, M. J., Margitan, J. J., Mo· 
lina, M. J., and Watson, R. T., ]PL Pub!. 81-3 (1981). 

[5] Cox, R. A., and Tyndall, G. 5., J. Chern. Soc. Faraday II 76, 153 (1980). 

CH3 + O~HCHO + HO 
AHO= -215kJmol- l 

Rate coefficient data 

Ie / em 3 molecule I s I 

Absolute Rate Coefficients 

.:;;5 X 10- 17 

<3XIO- 16 

Relative Rate Coefficients 

{1.7 ± 1.6)X10- 14 

Reviews and Evaluations 

<10-.6 

Comments 

Tcmp'/K 

1000-1220 
368 

298 

298 

(a) V pry low Pr" .. "nrO'> Pyroly .. is: (VLPP) "y"tem. Products 
of pyrolysis of (CH3hN2 in presence of O2 determined by mass 
spectrometry. 

(b) Flash photolysis of (CH3hN2 /02 mixtures. Resonance 
fluorescence detection of HO. Upper limit based on absence of 
observable HO signal attributable to reaction CH3 + O2, 

(c) Discharge flow-photoionization mass spectrometry for 
detection of eH). [eH)) steady state monitorerl in reaction sy .. -
tern: 0 + C2H4 + O2 , Reference reaction: k (0 + CH3~H + 
HeHO) = (1.38 ± 0.46) X 10- 10 cm3 molecule- l S-I. 

klk(0+CH3) =(1.23±1.l6)X10-4 [CODATA evalua­
tion]. 

Preferred Value 

k < 5X 10- 17 cm3 molecule- l 
S-1 at 298 K. 

Comments on Preferred Value 

The new relative rate coefficient measurement [3] was 
made in an identical system to that used previously by Wash ida 
& Bayes [5] and gave similar results, but with larger error limits. 
The study therefore provides no additional information of value. 

J. Phys. Chem. Ref. Data, Vol. 11, No.2. 1911? 

Reference 

Baldwin and Golden, 1978 [11 
Klais, et al., 1979 [2J 

Washida, 1980 [3J 

NASA, 1981 [4] 

CUIUUleuu:> 

(a) 

(b) 

(e) 

(d) 

There seems now a consensus opinion, refs. [2, 3] that the pres­
ence of H02 radicals, formed in the 0 + C?H" system via the 
secondary reaction HCO + 02~H02 + CO, is a source of com­
plication in these experiments. The reliability of the value for k, 
which is based on extrapolation of the total rate coefficient for 
CH3 + O2 reaction to zero pressure, when the rate of the 3 body 
reaction CH3 + O2 + M~CH30 + M is zero, is therefore su­
spect and the values rejected from the evaluation. 

The results of the recent absolute rate determinations refs. 
[1,2] show clearly that the bimolecular reaction between CH3 
and O2 is negligible at least at temperatures up to 1000 K. The 
preferred upper limit is based on these studies. 

References 
fl] Raldwin. A_ C. and Golden. D_ M_. C:h~"'L Phy<_ L"tL 55. :ISO (lQ7R) 
[2] Klais, 0., Anderson, P. C., Laufer, A. H., and Kurylo, M. J., Chern. Phys. 

Lett. 66, 598 (1979). 
[3] Washida, N., J. Chern. Phys. 73, 1665 (1980). 
[4] NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 

Data for Use in Stratospheric Modelling," DeMore, W. B., Stief, L. J., 
Golden, D. M., Hampson, R. F., Jr., Kurylo, M. J., Margitan, J. J., 
Molina, M. J., and Wlltson, R. T.,JPL Publ. 81-3 (1981). 

[5] Washida, N., and Bayes, K., Int. J. Chern. Kinet. 4,129 (1972). 
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HCO + Oa-l"CO +H02 (1) 
HCO + 02( + M)~HC03( + M) (2) 

.::1HO(l) = -137.5 kJmoi"': l 

.::1HO(2) = -120 kJ mol- 1 

Rate coefficient data (k = k I + k2) 

5.0XlO-12 

5.1XlO-12 

5.0XlO- 12 

Comments 

(a) Recommended value for kl only 

Preferred Values 

Temp./K 

230-300 
298 
200-300 

kl ~ 5.1 X 10-12 cm3 molecule- 1 S- I at 298 K. 
k2<kl at 1 atm. 

Reliability 

..d logk = ± 0.1 

Comments on Prifelied Values 

New information has been repo~ concerning the mecha­
nism of formic acid formation in formaldehyde photooxidation 
at low temperatures, refs. [4,5]. HCOOH formation in HCRO 
oxidation was originally attributed [6] to reactions of HC03 

formed in the addition channel (2) but this mechanism can now 
be discounted. It now appears that reaction (2) is negligible com­
plUc..Iwilh lhe . bimolecular step (1).. even at pressure!! near 1 

·.::1HO = -170 kJ mol- 1 

Reference 

NASA, 1979 [1] 
CODATA, 1980 [2] 
NASA, 1981 [3] 

Comments 

(a) 

(a) 

(a) 

atm. A new ultraviolet absorption attributed to HCO has recent­
ly been reported, ref. [7]; this has been usedfor kineticspectro­
scopy of HCO, but not in its reaction with O2, A temperature 
dependence study of kJ is clearly required. 

References 
[1] NASA Ref. Pub!. 1049. "The Stratospbere: Present and Future," R. D. 

Hudson and E.l. Reed, editors (1979) . 
[2] CODATA Task Group on Chemical Kinetics, Baulch. D.· L.. Cox. R. A., 

Hampson, R. F •• Jr., Kerr, J. A., Troe. J., and Watson. R. T., J. Phys. 
Cbem. Ref: Data 9, 295 (1980). 

[3] NASA Fauci Ivi Daw, Evaluation. "Chemical Kinetic and Photochemical 
Data for Use in Stratospheric Modelling," DeMore, W. B., Stief, L J., 
Golden. D. M.; Hampson, R. F., Jr., Kurylo, M. J .• Margitan. J. J., 
Molina. M. J., and Watson, R. T .• JPL Publ. 81-3 (1981). 

[4J FuSu, Calvert, J. G., Shaw, J. H., Niki. H., Maker, P.D., Savage. C. H., and 
Breitenbach, L D., Chern. Phys. Lett. 65, 221 (1979). 

[5) FuSu. Calvert, J. G •• and Shaw. J. H., 1. Phys. Chem. 83, 3185 (1979). 
[6] Horowitz, A., FuSu, and Calvert,J. G., Ind. Chem. Kine!:: 10,1099 (1978). 
[7J Hochanadel, C. J .• Sworski. T. J.. and Ogren, P. J., J. Pbys. Chern. 84, 231 

(1YI:IU) •. 

High pressure rate. coefficients 

Rate coefficient data 

·Absolute Rate Coeffwients 

2.1XlO- 1I 

(2.08 ± 0.12)X.l!)-1I 

Comments 

Temp./K 

440-473 
298 

(a) Thermal decomposition of methylnitrite in presence of 
NO and t-BuH. Combination of these data with the equilibrium 
constants gives the values indicated. For the second channel, 
k(CH30 + N~CH20 + HNO)lk~ (CH30 + NO 
--+CH30NO)::::::0.17 was estimated. . 

(b) PhotolYSIS of methylnitrite at 266 nm with CH30 detec-

Reference 

Batt, Milne. and McCulloch, 1977 rl1 
Sanders et aI., 1980 [2] 

Comments 

(a) 

(b) 

lion by laser induced fluorescence at He pressures of 10-50 
Torr. HNO as a reaction product was also detected by laser 
induced fluorescence, however, no absolute estimate ofits yield 
could be made. 

Preferred Value 

k"" = 2XIO- 1l cm3 molecule-I S-
I over range 200-

400 K. 

J. Phys. Chern. Ref. Data,.Vol. 11, No.2, 1982 
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Reliability 

± 0.5 over range 200-400 K. 

Comments on Preferred Value 

Although the data agree, the preferred value remains un­
certain as long as no experimental study of the pressure depen­
dence has been made or a theoretical analysis of the pressure 
dependence which is based on high temperature fall-off curves 

112.8 kJ mol-I 

of methylnitrite decomposition. The probably pressure depen­
dent branching of the reaction into CH30NO and HNO­
+ CH2 + ° also has to be reinvestigated. 

References 
[IJ Batt, L., Milne, R. T., and McCulloch, R. D., Int. J. Chern. Kine!. 9,567 

(1977). 
[2J Sanders, N., Butler, J. E., Pasternack, L. R., and McDonald, J. R., Chern. 

Ph y •• Lett. 48, 203 (1980). 

Rate coefficient data 

molecule I S 1 Temp'/K 

(1.66:':(;~)X 10- 12 exp( - (2416 ± 554)/T) 389-433 
5.0X1O- 16 297 
(1.211. 0.36) X 10- 15 298 

Reviews and Evaluations 

5X 10- 13 exp( - 2000/T) 200-300 
5X 10- 13 "Ap( - 2000/T) 300-450 
1.26 X 10- 13 exp( - 1352/T) 296-450 
9.2X 10- 13 exp( 2200/T) 200-300 

Comments 

(a) Pyrolysis of dimethyl peroxide in the presence of N02 

and 02' Product analysis by gas chromatography. Reference 
reaction: CH30 + N02( + M) CH30N02( + M); 
k (r.H30 + NOz) 1.32 X 10- II cm3 molecule -I S -I ref. [6J 

k I k (CH30 + NOz) = (0.126 ~ g:g~~) exp( - (2416 ± 554)IT). 
(b) Photolysis of methyl nitrite in the presence of Oz. Pro· 

duct analysis by gas chromatography. Reference reaction: 
CH30 + NOz( + M) = CH30N02 ( + M); k (CH30 + N02 ) 

=1.03XlO- 1l cm3 molecule- 1 s- I klk(CH30+N02) 

= (11.65 ± 0.35)X 10-5 at 298 K. k (CH30 + NO:z) was 
based on k (CH30 + NO---"CH30NO) ref. [7) together with data 
from [6]. 

(c) Based on work of Barker et a1. [8]. 
(d) Arrhenius expression obtained from least squares anal­

ysis of all available literature data over the range 296-450 K, 
including that from ref. (1]. 

(e) Based on refs. [1] and [8]. 

Preferred Values 

k = 1.5X 10- 15 cm' molecule -I S-I at 298 K. 
k = 1.3 X 10- 13 exp( - 13501T) over range 298-450 K. 

Reliability 

..1logk 
L1(l:IR) 

1.0 at 29B K. 

• J "hYII. Chern. Ref. Data, Vol. 11, No.2, 1982 

Reference 

Batt and Robinson, 1979 [IJ 

Cox et al., 1980 [2) 

NASA, 1979 [3] 
CODATA, 1980 [4) 
Cox et aI., 1980 [2] 
NASA, 1981 [5) 

Comments on Preferred Values 

Comments 

(a) 

(h) 

(c) 
(e) 

(d) 

(e) 

The two new relative rate studies ofthis reaction. refs. [1,2] 
both employ the same reference reaction, and give results of 
similar magnitude where the temperature ranges overlap. There 
is nevertheless disturbing variability in the experimental results 
and the Arrhenius parameters given in ref. [1] are probably less 
reliable than ref. [2], which covered a larger temperature range. 
Furthermore, data from the lower end of the temperature range 
were rather arbitrarily omitted in [1]. Since the Arrhenius 
expression in ref. [2] takes into account all available data for 
k (CH30 + 02) without bias, we have used this as a basis for the 
new preferred value. It should be noted that the preferred A 
factor is somewhat lower than expected for a reaction of this 
type. Uncertainty limits have been widened since our previous 
evaluation [4] to take into account (a) the divergently reported T 
dependences and (b) possible errors in the rate coefficient for 
the reference reactions of CH30 and NO and N02, which are 
indicated by preliminary direct studies of CH3 0 reactions using 
the laser induced fluorescence technique [9). 

References 
[IJ Batt, L., and Robinson, G. N., Int. J. Chern. Kinet. ll, 1045 (1979). 
[2J Cox, R. A., Derwent, R. G., Kearsey, S. V., Batt, L., and Patrick, K. G., J. 

Photochem. 13, 149 (1980) . 
[3J NASA Ref. Publ. 1049, "The Stratosphere: Present and Future," R.o D. 

Hudson and E. I. Reed, editors (J 979) . 
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[4] CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox; R. A., 
Hampson, R. r., Jr., Kerr, J. A.,.Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

l5] NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 
Data for Lse in Stratospheric Modelling;" DeMore, W. B., Stief, L. J., 

. Golden, D .. M., Hampson, R. F., Jr;, Kurylo, M. J., Margitan, J. J., 
Molina, M. J., and Watson, R. T., JPL Pub!. 81-3 (1981). 

[6J Batt, L., and Rattray, G. N., Int. J. Chern. Kinet. 11, 1183 (1979). 
[7J Batt, L., Milne, R. T., and McCulloch, R. D., Int. J. Chern. Kinet. 9, 567 

(1977). 
[8] Barker, J. R., Benson,.S. W., and Golden, D. M., Int. J. Chern. Kinet. 9, 31 

(1977). 
[9] Sanders, N., Butier, J. E., Pasternack, L. R .•• nd McDonald, J. R., Chern . 

Phys. Lett. 48, 203 (1980). 

CHzOH + Oz~HCHO + HOz 
,dH' = - 72.3 kJ mol- 1 

Rate coefficient data 

Absolute Rate Coefficients 

1.95 X 1O~'3 T 1/2 exp(- (1250 ± 250)IT) 
(5.0X 10- 14) 

2~~XI0-'2 

Comments 

Temp.!K 

.363-428 
300' 
300 

(a) Discharge flow-product HOz inferred from formation of 
HZ0 2• CHzOH produced from H + CH30H. 

(bl DIscharge flow-laser magnetic resonance detection of 
H02 product from reaction of O2 with CH20H generated from 
Cl + CH30H reaction. It was also shown that under conditions 
of earlier work [lJ. the apparent value of k was a factor of 20 
slower, due to slow rate of CHOH production from H + CH30H 
"ource. 

Preferred Value 

Reliability 

,d log k = ± 0.5. 

Cuuum:::ut,.:, 

Avramenko and Kolesnikova, 1961 [IJ (a) 

Radford, 1980 [2] (b) 

Comments on Preferred Value 

The preferred value is the direct measurement of Radford 
[1], who .-lemon~tr:>t"rI thllt th" "",.li",. work Wll'" in Porror. Sup­

port for a rapid rate of this type of reaction comes from steady 
state photooxidation studies which showed that Cz and C4 a· 
hydroxy alkyl radicals derived from C2HsOH and ~H90H, 
react rapidly with U2 to form HU2 and the corresponding alde­
hyde or ketone [3]. Addition of O2 to these radicals does not 
appear to occur. In the absence of reliable data on the tempera­
ture dependence a value for E IRis not recommended. However 
any T dependence is likely to be small in view of the rapid rate at 
298 K for a radical + molecule reaction of this type, e.g., 
HCO + 02~H02 + CO. 

References 
[1] Avramenko, L. I., and Kolesnikova, R. V., Bull. Acad. Sci. USSR Div. Chern. 

Sci. 545 (1961). 
(2) Radford, H. E.. Chern. Phys. Letters 71, 195 (1980). 
[3] C.rter, W. P. L., Darnall, K. R., Graham, R. A., Winer, A. lit., and Pitts. J. 

N., Jr .• J. Phys. Chem. 83, 2305 (1979). 

CH30 Z + NO-+CH30 + NOz (1) 

,dHO(l) = - 58.3 kJ mol- 1 

,dH·(2)~ 80 kJ mol- 1 

molecule - I S - I 

Absolute Rate Coefftclents 

(3.0 ± 0.2) X 10- 12 

(7.1 ± 1.4) X 10- 12 

(8.1 ± 1.6) X 10- 12 

Reviews and Evaluations 

7.0XlO- '2 
7.5x 10- 12 

7.4XlO- 12 

CH30 Z + NO( + M)~CH30zNO( + M) (2) 

Temp.lK 

300 
298 
240-339 

200-300 
200-300 
200-300 

Rate coefficient data 

Reference 

Adachi and Basco. 1979 [ I J 

Sander and Watson. 1980 [2 J 
Ravishankara et aI., 1981 1.31 

NASA. 1979 /4J 
CODATA, 1900 IS] 
NASA, )981 161 

Cf)mnH:fll~ 

(II) 

(lJ) 
(e) 

----------------'--------------------_ .•. _-----------
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Comments 

(a) Flash photolysis (CH3hNT OZ-Ar-NO mixtures; CH30 Z 

decay determined by time resolved absorption spectroscopy at 
245 nm; pseudo first order conditions. 

(b) Flash photolysis Clz-CH4-Oz-NO mixtures; CH30 z by 
time resolved absorption in a long path system. Some indication 
of a slight pre"''''"T'' .. ffeet, lOlzk (em3 molecule-I 6- 1) WQS 

(6.1 ± 0.7) with 75 Torr He, (6.3 ± 0.9) with 350 Torr He, 
(8.2 ± 1.1) with 700 Torr He and (8.9 ± 0.7) at 700 Torr N z 
added; pseudo first order conditions. 

(c) Laser flash photolysis of azomethane + O2 and 
Clz + CH4 + O2 with NO; NOz product followed by time re­
solved laser induced fluorescence under pseudo first order con­
dition!;. No eff .. ct of pressmre or bath gas using 10-100 Torr Ar 
and 50 TQrr CH4 • The yield of NOz formed for each CH30 Z 

produced was 1.06 ± 0.24 showing that reaction occurs exclu­
sively via channel (1). Slight negative T dependence (E I 
R = - (86 ± 112)) not considered significant. 

Preferred Value 

kl = 7.4XIO- 1Z cm3 molecule- 1 
S-1 over range 200-

300 K. 

Reliability 

Lllog k = ± 0.1 at 298 K. 
J. (E I R ) = ± 250 K. 

Comments on Preferred Value 

The results from the direct stuclip" TPported in [2] and [3] 
are in excellent agreement with earlier direct measurements on 
which the previous evaluations [4-6) were based. Furthermore 
the observation of the time profile and yield for NOz formation 
[3] confirms that channel (1) is dominant in the reaction of 
CH30 Z with NO at temperatures and pressures relevant to this 

.<JH°'::::'. - 80 kJ mol-I 

evaluation. 
The low value in [1] is almost certainly due to failure to 

take into account the formation of CH30NO product from the 
fast secondary reaction of CH30 + :\TO, which absorbs strongly 
at the monitoring wavelength of CH30 Z' A value identical with 
[1] has been reported recently by Simonaitis and Heicklen [7J in 
which k was measured relative to the reaction of CH~02 with 
SOz;k Ik (CH30 z + SOz) = (4.0 ± 0.8)X 103

• However since it 
is now known that the reference reaction is very slow, k {CH30 2 

+ S02)<IO-18 cm3 molecule- 1 S-I [CODATA evaluation], 
lllte' interpretation of these data is almost certainty erro~eous. 
The preferred value is a simple mean of the direct measurements 
reported in [2], [3] and by Plumb et al. [5] and Cox and Tyndall 
[91. If the apparent small pressure effect on k. noted in [2] werp 
real, the earlier low pressure discharge flow study (8] WQuld 
have been expected to yield a lower value for k. Since the report­
ed values in both pressures regions are equal within experimen­
tal error, there is no firm basis for recommendation of a pressure 
dependent rate coefficient. 

References 
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[2] SaIlJ~., S. P .• ,,"J W""'UII, R. T., J. Phys. Chern. 84,1664 (1960). 
[3] Ravishankara, A. R., Eisele, F. L, Kruetter, N. M., and Wine, P. H., J. 

Chern. Phys. 74,2267 (1981). 
[41 NASA Ref. PubL 1049, "The Stratosphere: Present and Future," R. D. 

Hudson and E. I. Reed. editors (1979). 
[5] CODATA Task Group on Chemical Kinetics, Baulch, D. L, Cox, R. A., 

Hampson, R. r., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

[6] NASA Pancl for Data Evaluation, "Chemical Kinetic and Photochemical 
Data for Use In StratospherIc Modelling," UeMore, W. 1:1., !:itie!, L. J., 
Golden, D. ~., Hampson, R. F., Jr., Kurylo, M. J., Margitan, J. J., 
Molina, M. J., and Watson, R. T., JPL Publ. 81-3 (1981). 

[7] Simonaitis, R., and Heicklen, J., Chern. Phys. Letters 65, 361 (1979). 
[8] Plumb, J. c., Ryan, K. R., Steven,J. R., and Mulcahy, M. r. R., Chern. Ph] 
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Low pressure rate coefficients 

Rate coefficient data 

ko! cm' molecule • s ' 

(2.33 ± 0.08) X 10-30 [N21 
2.2 X 10-'0 (T 1298) - •. 0 [Nzl 

Reviews and Evaluations 

l.5X lO-30 (T 1300)-4.0 [:'l2J 

Temp.!K 

298 
253-353 

Reference 

Sander and Walson, 1980 [lJ 
Ravishankara, Eisele, and Wine, 1980 [21 

NASA, 1981 [31 

Comments 

(al 
(b) 

(c) 

---------------------_._---

Comments 

(a) Flash photolysis/ uv absorption technique. Studied 
pressure range 50-700 Torr, M = He, Nz, and SF6• Complete 
analysis ofthe fall-off curve with a theoretical Fe value of 0.39 in 

J. Phys. Chem. Ref. Data, Vol. 11, No.2, 1982 

good agreement with the fitted value of 0.4 ± 0.10. 
(b) Laser flash photolysis with long absorption path detec­

tion system. Pressure range 76-722 Torr, bath gas N2 • Com­
plete analysis of the fall·off curve for 253, 298, and 353 K with 
F,. = 0.4 independent of temperature. 

(c) Based on I'reliminarydata from refs. [1] and [2]. 
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Preferred Values 

ko = 2.3X 10-30 [N2] cm3 molecule- I s-I·at 298 K. 
'ko 2.3XlO-3o (T 1300)-4;0 [N2]cm3 molecule- 1 S-I 

over range 200-300 K. 

Reliability 

..d log ko = ± 0.1 at 298 K. 

..dn = ± 2 over range 200-300K .. 

Comments on Preferred Values 

The data from refs. [1] and [2] agree very well confirming 
the fall-off character of this reaction. We prefer a larger negative 
temperature coefficient than described in ref. [2] analogous to 
those generally observed for large molecules under these condi· 
tions; see, e.g., this evaluation for the reaction N02 + N-
0 3 + N2-N20S + N2 for which n = 4.1 was derived over 
the range 200-300 K. 

High pressure rate coeft1cients 

Rate coefficient data 

Absolute Rate Coefficients 

(8.0 ± 1.0)Xl0- 12 

7 X 10- 12 (T 1298) - :1.5 

Review and Evaluations 

6.5 X 10 .. (T (300) 0.<> 

Comments 

(a) See comment (a) for ko• 

Temp.lK 

298 
253-353 

(b) See comment (b) for ko. We consider the large negative 
temperature coefficient an artifact of the interprp.t.atinn. If a 

larger negative T-exponent for ko and a smaller Fe value at high­
er temperatures are used, the large negative T-exponent of k", 
will decrease considenibly. . 

(c) Based on a theoretical analysis of k with postulated 
activated complex properties. . '" 

k"" 
400K. 

Reliability 

Pr.f8rr8d Vahi. 

8XlO- 12 cm3 molecule- 1 S-I over range 200-

..d log k", = ± 0.2 over range 200-400 K. 

Comments on Preferred Value 

There is good agreement about k", at 298 K. We prefer a 
temperature independent value of k", by analogy with the 
N02 + N03-NzOs reaction. We reject the T-coefficient der­
ived in ref. [2], see comment (b). 

Reference 

Sander and Watson, 1980 [1] 
Ravishankara, Eisele, and Wine, 1980 [2] 

NASA, 1901 [3] 

Intermediate Fall ·off Range 

Comments 

(a) 
(b) 

(0) 

From the preferred values, one derives [N2]c = 3.5 X 1018 

molecule cm- 3
• For 298 K, a value of Fe = 0.4 appears well 

established. A temperature dependence of Fe must be expected, 
probably similar to that for N02 + N03-N205 (see this evalua· 
tion), Less complete information on the fall·off range stems from 
recent experiments by Cox and Tyndall, 1980 [4] who measured 
k 1.6 X 10- 12 cm3 molecule -I s -I at 540 Torr. of N2 and 
1.2XI0-12 cm3 molecule- 1 5- 1 at 50 Torr of Ar at 275 K. 
These data are much less complete than refs. [1] and [2] and are 
not considered. The apparent observatioll of pressure indepen· 
dent k over the range 50-580 Torr of Ar, reported by Adachi 
and Basco, 1980 [5] is not confirmed by refs. [11 and [2]. 

References 
[l] Sander, S. P., and Watson, R. T., J. Phys. Chem. 84,1664 (1980). 
[2] Ravishankara, A. R., Eisele, F. L., and Wine, P. H., J. Chem. Phys. 73, 374.'l 

(1980). 
[3] NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemknl 

Data for Use in Stratospheric Modelling," DeMore, W. 8., Stief, l.. J .. 
Golden, D. M., Hampson, R. F., Jr., Kurylo, M. J., Margitnn, J. J. Mo· 
lina, M. J., and Watson, R. T., JPL Pub!. 81-3 (1981) .. 

[4] Cox, R. A., and Tyndall, G. S., J. Chem. Soc. Faraday Tmo •. II 76, I S:I 
(1980). 

[5] Adachi, H., and Basco, N. Int. J. Chem. Kinet. 12, I (1980). 

Rate coefficient data 

No available experimental datil 
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Preferred Value 

No recommendation. 

Comments 

Although no recommendation can be made it is clear that 
CH30 2N02 is quite unstable at room temperature in the gas 
phase ll-3J. Thermal decomposition of the analogous isopropyl 
peroxynitrate has been studied quantitatively yielding the Arr­
henius expression: k = 5.0X 1014 exp( - 9965/T) S-

I, which 
gives a lifetime of ~0.3 sat 300 K and 1 atm pressure. A similar 
decomposition rate is expected for CH30 2N02• However, since 

JJH' = - 143.9 kJ mol- I 

the reverse reaction of CH30 2 with N02 is pressure dependent 
over the range 25-750 Torr (see data sheet for CH30 2 + N02) 

the decomposition rate should exhibit a pressure fall·off in this 
range. 

Referan~e" 
[1) Duynstee, E. F., Housmans, J. G. H. M., Vleugels, J., and Boskuil, W., 

Tetrahedron Lett. 25, 2275 (1973). 
(2] Niki, H., Maker, P. D., Savage, C. M., and Breitenbach, L. P., Chern. Phys. 

Lett. 61, 100 (1979). 
[3) Edney, E. 0., Spence,J. W., and Hanst. P. L.,J. Air Poll. Contr. Assoc. 29, 

741 (1979). 

Rate coefficient data 

Temp.lK Reference Comments 

~~~~--------------------------------------------------------

298 

Comments 

(a) Steady state photolysis of CH4·03·02 mixtures. Quan. 
tum yield for 0 3 decay at high [02]/[03] was approximately 1.3 
showmg that secondary attack on 0 3 by CH30 2 and CH30 radio 
cals was relatively slow. Upper limit for the ratio k / k 1/2(CH~02 
+ CH30 2) = 3.2X 10- 11 cm3/ 2 molecule- 112 s- 1/2; k evalu-
ated using k (CH30 2 + CH30 2) = 3.7 Xl 0- 13 cm3 mole­
cule-I S-I (CODATA). 

Preferred Value 

k < 2.0 X 10- 17 cm3 molecule -I,s -1 at 298 K. 

J. Phyn. Chern. Ref. Data, Vol. 11, No.2, 1982 

Simonaitis and Heicklen, 1975 [1] (a) 

Comments on Preferred Value 

The recommended upper limit is based on ref. [1]. Similar 
n:suhs have been reponed by DeMore [2J for this system which 
support the upper limit reported for k in ref. [1]. Thus the reac· 
tion of CH30 2 with 0 3 is certainly slow compared to its other 
removal processes, primarily the CH30 2 + CH30 2 reaction. 

References 
[1] Simonaitis, R., and Heicklen, J., J. Phys. Chern. 79, 298 (1975). 
[2] DeMore, W. B., J. Phys. Chern. 83,1113 (1979). 
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CH30 2 + CH30 2-+CH30H + HCHO + O2 (1) 

425 

LlHO(l) = - 340.9 kJ mol-I 

LlHO(2) = - 2.4 kJ mol-I 

LlHO(3) = -157.1 kJ mol-I 

-+2CH30 + O2 (2) 
-+CH300CH3 + O2 (3) 

Rate eoefficient data (k k I + k2 + k,) 

k 10m3 molecule 10 I 

Absolute Rate Coefficients 

(4.15 ± 0.04) X 10- 13 

(3.7..1. O.3)X 10- 13 

(4.2 ± 0.5) X 10- 13 

(5.2 ± 0.9) X 10- 13 

(3.7±0.7)XIo- 13 

(1.40 0.20) X 10- 13 exp«223 ± 41)1T) 
(3.0 ± O.S) X 10- 13 

(5.8 ± 0.5)X 10- 1, 

k/k2 = 1.32 ± 0.16 
k,/k3>7 

Reviews and Evaluations 

4.6XI0- 13 

4.0X 10- 13 

Comments 

Tomp./K 

300 
300 
295 
298 
298 
250-420 
298 
300 

298 

298 
298 

(a) k value is for overall second order decay of CH30 2, 

including secondary removal from products of (2) as defined by 
d[CH302]/dt 2ko[CH30 2]Z. 

(b) Flash photolysis of (CH3hNz-02-HzO mixtures; CH30 2 

measured by uv absorption. Presence of 14 Torr H2 0 influences 
uv spectrum of CH30 2, shifting maximum from ca. 240 nm to ca. 
250 nm. This indicates complex formation of CH30 2 with H20. 
k was, however, unaffected by H20 and also by changes in moni­
toring wavelength. k 10'(245 nm) 1.36 X 105 cm s I, 

0'(245) 3.06 X 10- 18 cm2molecule -1, ([H20] = 0); k 10'(265 
nm)=1.5XlO-s ems-I, 0'(265)=2.7XIO- 18 em2 mole. 
cule- I (14 Torr H20); k 10'(265 nm) = 2.13x 105 em S-I 
0'265 = 1.95 X 10- 18 cm2 molecule-I ([H20] = 0). 

(c) Flash photolysis of Clz-CH4-02 mixtures at room tem­
perature and pressure range 60-750 Torr. CH30 Z monitored by 
absorption at 254 nm. Pressure and [H20] independence of k 
reported. k10'(254 nm) 1.47 X 10-5 cms- I 0'(254 
nm) 2.52 X 10- 18 cm2 molecule -\ [II]. 

(d) Flash photolysis of (CH,hN2'OZ' CH~O" monitored in 
absorption at 265 nm. Second order decay curves showed some 
deviation at long delay times. Linear portion analyzed for k. 
k 10'(265) = (2.04 ± 0.25) X 105 cm s -1, 0'(265 nm) 
= (2.03 ± 0.10) X 10- I~ cm~ molecule -I. Evidence found for 

reaction of CH30 Z with (CH3hNz' Authors also estimate that the 
true value of the rate coefficient k after allowance for secondary 
removal of CH30 2 is k ;:: 3.8 X 10- 13 cm3 molecule -1 s -1. 

(e) Molecular modulation; CH30 2 by absorption at 250 nm 
in photolysis of CI2·CH4-02 mixtures k 10'(250) = 1.33 X 105 

cm S-I, 0' = 3.9X 10- 18 cm2 molecule-I S-I at 250 nm. 

(i) Flash photolysis (CH3hNz + O2 and Cl2 + CH4 + O2 

Reference 

Kan and Calvert, 1979/1] 
Sanhuez,a., SjJHvl)Ajti~, dno lIej(.klen, 1979 [2] 

Kan et al., 1979 [3] 
Cox and Tyndall, 1980 [41 
Sander and Watson, 1980 [5] 
Sander and Watson, 1981 [6] 

Adachi. Basco, and James, 1980 [7] 

Kan, Calvert, and Shaw, 1980 [8] 

CODATA, 1980 [9] 
NASA. 1981 [10] 

Commcnto 

(a)(b) 
(4)(~) 

(a)(d) 
(a)(e) 
(a)(1) 
(a)(g) 

(h) 

(i) 

mixtures. CH30 2 by long path uv absorption. k 1 
0' (1.06 ± 0_07) X 105 cm s -1 at 245 nm and 
(2.84 ± 0.36) X 105 em s -I at 270 nm. Value quoted is a mean 
value using 0' values obtained by Hochanadel et al. [I]. Small 
effects of varying O2 and adding CO are reported. 

(g) Flash photolysis of Clz + CH4 + O2 mixtures. 0' deter­
mined from absorption at t = 0 extrapolated from decay curves 
and estimate of [CH30 2]O from change in Cl2 concentration in 
flash. 0'(250 nm) = (2.5 ± 0.4) + 10- 18 cm2 at 298 K. k 1 
0-(250 nm) (5.6 ± 0.3)X 104 exp«223 ± 11)/T) om ",-I 

(250-420 K). 
(h) Flash photolysis of diazomethane-CH30 2 monitored 

by uv absorption. Absorption coefficients measured from com­
parison of yield of Nz with absorption at t = 0 from extrapola­
tion of decay curves. 17(240 nm) = 5.58 X 10- 18 cm2 mole­
cule-I k 10' = (1.04 ± O.IO)X 105 cm S-1 at 240 nm. Note the 
k value reported is corrected for secondary removal of CH30 2 

and is a factor of 1.08 lower than the observed overall second 
order decay coefficients. The latter showed a small increase with 
increasing [02]' 

(i) Steady state photolysis of (CH3hN2-02 mixtures with 
product analysis by FI'IR spectroscopy. Some unidentified pro­
ducts found indicating a complex mechanism for secondary re­
ac.tion:s. 

0) Based on molecular modulation studies of Parkes [12). 
Also gave k21 k = 0.33 at 298 K. 

Preferred Values 

k = 3.7X]0-I3 em3 molecule-I S-1 at 298 K. 
k21 k = 0.4; k31 k<0.075 at 298 K. 

J. Phys. Chern. Ref. Data, Vol. 11, No.2, 1982 
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Reliability 

..:1 log k = ± 0.3 at 298 K. 

.dk21 k = ± 0.15 . 

.dk2/k = ± 0.075. 

Comments on Priferred Values 

The recently reported values of k at room temperature are 
only in moderately good agreement, the values tending to fall 
into two group!> ot:pt:lItliu!5 UII the absorption cross section deter· 
mined. Unfortunately the measured parameter, k 10' cannot he 
directly compared since measurements were made at different 
wavelenl?;ths. The absorption cross sections obtained from the 
flash photolysis experiments reported in [1,3,6, and U] are in 
good agreement but those from ref. [7] (flash photolysis) and 
molecular modulation (4,12] are approximately a factor of 1.5-
2 higher. The reason for this discrepancy is not apparent and it 
causes considerable uncertainty in k. 

The preferred value for k was obtained as follows: A pre· 
ferred value of k 10"(240 nm) was obtainerl from "II of the avail­

able data in refs. [1-7,11, and 12], using a normalized spectrum 
based on data reported in refs. [1,U, and 12]. Data from refs. 
[1,3,4,6,7,11, and 12] was then averaged to give 0'(240 
nm) = 3.9X 10- 18 cm2 and the overall second order decay co· 
efficient thus obtained, ko = 4.49 X 10-13 cm3 mole· 
cule- I S-I. 

Interpretation of the kinetie riMa to obtain k is complicated 

in this system by possihle secondary removal of CH30 Z by radio 
cal products resulting from channel (2). This is discussed in [3,5] 
and [11]. It can be shown thatkol k can have any value between 1 
and 1 + k2lk, depending on the chemical fate of CH30 in the 
system. The branching ratio k21 k has been determined to lie in 
the range 0.33-0.43 [3,11,12]. Taking the preferred mean val-

..:1HO= 106.1 kJ mol-I 

ue of 0.4 gives 1.0 <kolk < 1.4. In view of the complex chemis­
try involving CH30, an average value of kolk = 1.2 ± 0.2 is 
preferred givingk = (3.7 ± 0.7)X 10- 13 cm3 molecule- I 

S-I • 

The preferred value of k31 k = 0.075 is hased on the work in (7] 
which is basically in agreement with earlier work (12]. 

The recent study of the temperature dependence of k re­
ported in ref. [6] shows a slight negative T dependence over the 
temperature range 250-420 K. This supports the earlier find­
ings of Parkes [12] and Anastasi et al. [14] of no apparent T 
dependence of k over a smaller temperature range. 
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[9] CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hampson, R. F., Jr., Korr, J. A., Troc, J., and Wat,:,on, R. T~l J. Phy.o. 
Chern. Ref. Data 9, 295 (1980). 
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Rate coefficient data 

Relative Rate Coefficient 

6.9XlO- 12 

!/.eviews and Evaluations 

6.8XlO- 12 

Comments 

Temp.lK 

295 

300 

(a) Flash photolysis of azoethane-02 mixtures. Product 
analysis hy mass spectrometry and gas chromatography. C2H5 

concentration during experiment modelled from flash intensity 
profile and yield of n-C4H IO formed in the reaction 
2C2Hs-+C4 H IO• Hence k relative of k (C2H5 + CZH5) 

4 . .3 Xl 0- J J cm3 molecule -I s -I [3] but complex iterative 

J. PhVa. Chern. Ref. Data, Vol. 11, No.2, 1982 

Reference Comments 

Dingledy and Calvert, 1963 [1] (a) 

Demerjian, Kerr, and Calvert, 1974 [2J (b) 

procedure used to evaluate k. The value was independent of total 
pressure (4.8-103 Torr). The bath gas was azoethane + diethyl 
ether. 

(b) Based on ref. [1]. 

Preferred Value 

k = 6.9X 10- 12 cm3 molecule- I 
8-

1 at 298 K. 
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Reliahility 

.J log k = ± 0.5. 

Comments on Preferred Value, 

The preferred value is based on the single experimental 
kinetic study of this reaction, which involved a rather indirect 
determination of k from simulation of the complex chemistry 
occurring in the flash photoly~i~ of azoethane·02 mixture:!>. The 

value is, nevertheless, very reasonable for a radical + O2 associ­
ation reaction near the high pressure limit (e.g. CH3 + O2 + M· 
-CH30 2 + M,k" = 2XlO- 12 cm3 molecule- t 

S-I). There-

.aHO = - 139 kJ mol- 1 

suIts also show that k is independent of pressure down to 4.8 
Torr azomethane, although with air as bath gas, fall-off in k may 
start at a higher pressure. It is probable, however, that the high 
pressure value given above is applicable for atmospheric chem­
istry at least up to the tropopause. The high pressure value is 
expected to have little or no temperature dependence in the 
200-300 K range. 

References 
[I) Dingledy, D. P., and Calvert, J. G., J. Amer. Chem. Soc. 85, 856 (1963). 
[2) Demerjian, K., Kerr,J. A., and Calvert,). G., Adv. Environ. Sci. Techno!. 4, 

1 (1974). 
[3) Shepp, A., and Kutschke, K. 0., J. Chem. Phys. 26,1020 (1957) . 

Rate coefficient data 

k lem3 moJecule- 1 5- 1 

Reviews and Evaluations 

3.8XlO- 17 

1.7X10- 12 eKp( 2000fT) 
1.2X 10-IS 

Comments 

Temp'/K 

300 

303 

(a) Based on estimate for the analogous reaction of 
CH30 + °2, which was obtained from modelling smog chamber 
data. 

(b) Based on unpublished results (Batt and Patrick) for 
photolysis of ethyl nitrite in presence of 02' 

(c) Based on analogy with CH30 + 02' 

Preferred Values 

No recommendation. 

Comments on Preferred Values 

The only experimental study reported in [2J of this reaction 
suffers from lack of sufficient data for a proper interpretntinn. 
Theratiok Ik (C2HsO + N02-C2HsN03) was determined from 
the yields of CH3CHO and C2HsN03 and the mean concentra-

.aHO = - 74.5 kJ mol- 1 

Reference 

Demerjian, Kerr, and Calvert, 1974 [lJ 
Batt, 1979 (2] 
Carter et aI., 1979 [3J 

Comments 

(a) 
(b) 
(e) 

tion of N °2, which was calculated, not measured. There is conse· 
'1uent1y t:unsiderable uncenainty in the values of k derived, 
which are, however, very similar to those for the analogous reac· 
tion of CH30 with 02' No recommendation can be made on this 
basis, but provisionally it is suggested that the Arrhenius 
expression recommended for the reaction of CH30 with O2 is 
used for k. 

References 
(l] np:mp.rji~n, K , J(prr, J. A.~ and C::a.lvert,J. G., Adv. Environ. Soi. Techno}. 4, 

1 (1974). 
[2J Batt, L., Proc. 1st European Sympsoium on Physico.Chemical Behaviour of 

Atmospheric Pollutants, Ispra, Italy October 1979. Comm. Europ. Com­
munities, EUR 6621 (1980). 

[3JCarler, W. P. L., Lloyd, A. c., Sprung,]. L., and Pitts,]. :>I., Jr., InU. Chem. 
Kinet. 1,45 (1979). 

[4) Batt. L., and Milne, R .• Int. J. Chem. Kinet. 9, 549 (1977) . 

Rate coefficient data 

k fern' molecule-' 5- 1 

Reviews and Evaluations 

3.2XlO- 13 

2.0XlO- 1I 

Temp.lK 

300 
303 

Reference 

Dernerjian. Kerr. lind Cnlv,·rt. ]<)74111 

Carter ,,' al.. 1979121 

Comments 

(oj 

(b) 
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Comments 

(a) Estimate based on the then current estimate for 
k (H02 + NO) = 1.3 X 1O-13 cm3 molecule-I S-I, now known 
to be a factor of 60 too low. 

(b) Estimate based on Smog Chamber modelling studies. 

Preferred Value 

lr = 74X 10- 12 cm3 molecule-I 6- 1 at 293 K. 

Reliability 

Lllogk = ± 0.5. 

LlH°-::::::. - 80 kJ mol- I 

Comments on Preferred Value 

There are no experimental measurements of this rate coef­
ficient. The above recommendation is based on the assumption 
that the reaction of ethylperoxy radicals with NO will be similar 
to the analogous reaction of CH30 and NO for which the rate 
coefficients are moderately well established at 298 K and show 
very little temperature dependence in the 200-300 K range (see 
CODATA evaluation). The error limits reflect the uncertainty in 
rlr.<lwing this analogy. 

References 
!II Dernerjian, K., Kerr,J. A., and Calvert, J. G., Adv. in Environ. Sci. Techno!. 

4, 1 (1974). 

121 Carter, W. P. L., Lloyd, A. c., Sprung, J. L., and Pitts, J. N.,Jr., Int.]. Chern. 
Kinet. 11, 45 (1979). 

Rate coefficient data 

No experimental data 

Preferred Value 

5.0 X 10 -12 cm3 molecule -I s - 1 at 298 K and 1 atm. 

Reliability 

Lllog k = ± 0.7 at 298 K. 

LlH°-::::::.80 k.J mol-I 

Comments on Preferred Value, 

The preferred value is for 1 atm pressure air and is suggest­
ed by analogy with the corresponding reactions of methyl per­
oxy and acetylperoxy radicals to form peroxynitrates (CO­
DATA). Since the reaction is probably near its high pressure 
limit at 1 atm, !'vI = air, a zero of small negative temperature 
coefficient is expected for the 200-300 K range., 

Rate coefficient data 

No e.perirnental data available 

Preferred Value 

No recommendation. 

Comments 

Decomposition rate coefficients probably similar to those 
for isopropylperoxynitrate, for which the following Arrhenius 
expression is reported: k = 5.0X 1014 exp( - 9965/T) S-I [1]. 

J. Phye. Chern. Ref. Data, Vol. 11, No.2, 1982 

Reference 
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CH3C03 + NO---+CH3 + CO2 + N02 

429 

AH· = -133.9 kJ mol-I 

Rate coefficient data 

k Icm3 molecule-I S-I 

Relative Rate Coefficients 

1.OX1O- 11 

(Ll ± O.3)X 10- 11 

(2.1 +O.3)XI0- 11 

Reviews and Evaluations 

3.1XlO- 13 

Comments 

Temp.lK 

300 
295 
298-318 

298 

(a) Photolysis of dilute HONO.CH3CHO mixtures in air. 
Ratiok /k (CH3C03 + N02) = 1.7 measuredfrom effect okatio 
[NO]/[N02] on yield of peroxyacetyl nitrate. 

(b) k calculated here using k (CH3C03 + NOz) 
= 6x 10- 12 cm3 molecule-I 5-

1 (CODATA evaluation). 

(c) Thermal decomposition of peroxyacetylnitrate in pres· 
ence of NO. k /k (CH3C03 + NOz) = 1.58 ± 0.61 determined 
from effect of ratio [NO]/[NOz] on the late of thellual JecollIpv' 

sition of CH3C03N02 • 

(d) Similar techniques to (c); k / k (CH3C03 + ':'-l"O2) 
= 3.5 ± 0.5 independent of temperature over range 298-318 

K. 
(e) Estimate based on the then current estimate for 

k(HOz + NO) 1.3X10- 13 cm3 molecule-I s-I,nowknown 
to he a factor of 60 too low. 

Preferred Values 

k 14XIO- 1l cm3 molecule-I 9- 1 at29S K. 

Reliability 

.d log k ±O.7. 

LlH' = -llO kJ mol-I 

Reference 

Cox et a!., 1976 [1] 
Cox and Roffey, 1977 [2] 
Hendry and Kenley. 1977 [31 

Demerjian, Kerr. and Calvert, 1974 [4) 

Comments on Priferred Values 

Comments 

(a,b) 
(h,c) 
(b.d) 

(e) 

The determination of this rate coefficient relies entirely on 
measurement of its rate relative to that for the reaction of 
CH3C03 with NOz to form peroxyacetylnitrate. The results from 
[1] and [2], using different techniques, agree well, but the data 
from [3], which give a higher value of k / k (CH3C03 + NOz) 
claim to have less experimental error. This preferred value is a 
mean of all three determinations of k using the CODATA recom· 
mended value of k(CH3C03 + NOz) = 6X10- 12 cm3 mole· 
cule ~ 1 s -I. The error limits reflect errors for both 

k (CH3C03 + N02) and for the relative rate determination. A 
fast bimolecular reaction of this type is expected to exhibit a zero 
or slightly negative temperature dependence. 

References 
[l] CO", R. A., Dcn,ent, n. G., Holt, P. M., 411.1 Keu, J. A., J. Clm". Sue. 

Faraday Trans. I 72, 2061 (1976). 
[2] Cox, R. A., and Roffey, M. J., Environ. Sci. Techno!. 11,900 (1977). 
[3] Hendry, D. G., and Kenley, R. A., J. Amer. Chem. Soc. 99, 3198 (1977). 
[41 Dermerjian, K. L., Kerr, J. A., and Calvert. J. Go, Adv. in Environ. Sci . 

Techno!. 4, 1 (1974). 

Rate coefficient data 

Absolute Rate Coefficients 

lAX 10- 12 (1 atm air) 
1.0 X 10- 12 (1 atm No) 
(2.1 ± 0.4) X 10- 12 (28 Torr 02) 
(6.0 ± 2.0)X 10- 12 (715 Torr 02) 

Reviews and Evaluations 

3.3X 10- 13 (1 atm air) 

Comments 

Temp.lK 

294-328 
298-313 
302 
302 

298 

(a) Based on Arrhenius expression for measured rate coef· 
ficients for thermal decomposition for peroxyacetylnitrate and 

Reference 

Cox and Roffey, 1977 [11 
Hendry and Kenley, 1977 [2) 
Addison et a!., 1980 [3] 

Demerjian, Kerr, and Calvert, 1974141 

(ommcntb 

(r) 

estimated equilibrium cOIl~lnnl. tJncertninly quoted WitS ± a 

factor of 10. 
(b) MoJc(:uJar modulalion-'lIv abi;orption for measure· 

ment of CH)C01 in absorption band characterised in the same 

J. Phys. Chern. Ref. Data, Vol. 11. No.2, 1982 
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study. Pseudo first order kinetics for CH3C03 in excess N02• 

CH3C03 produced by photolysis of CI2-CH3CHO-02 mixtures 
and monitored at 245 or 255 nm. 

(c) Based on analogy with reaction CH30 + N0 2 

-CH30N02 • The rate constant used for the CH30 + N02 re­
action has subsequently been revised upwards by a factor of 30. 

Preferred Value 

k = 6X 10- 12 cm3 molecule- l 
5- 1 at 1 atm pressure and 

at 298 K. 

Reliability 

.J log k ± 0.5 at 298 K. 

4HO = 110 kJ II1ul-' 

Comments on Preferred II nlue 

The preferred value at 1 atm pressure is based on the direct 
measurements of Addison et al. [3], which supersede all pre­
vious estimates which are suhject to large uncertainty: The di­
rect measurements also indicate that the reaction is pressure 
dependent below 1 aim but insufficient data are available to 
describe the fall-off in k with pressure accllrately. Only a value 
for 1 atm is therefore recommended. Since this value is undoubt­
edly near the high pressure limit it should exhibit little if any 
temperature dependence. 

References 
[IJ Cox, R. A., and Roffey. M. J .• Environ. Sci. Technol. 11,900 (1977). 
(2] Hendry, D. G., and Kenley, R. A., J. Amer. Chern. Soc. 99, 3198 (1977). 
[3] Addision, M. C., Burrows, J. P., Cox, R. A., and Patrick R., Chern. Phys. Lett. 

73,283 (1980). 
[4] Opmprji.n. K . Kerr. J A. "nd C.lv.M.l G .• Ad" Env;r Sci Technoj 4..1 

(l974). 

Rate coefficient data 

4X 10-4 

(8 ~~4)X 10'4 exp( - (12500 ± 380)/T) 
4.6XIO-4 

(2 ~~.,;)X 10'0 exp( - {l3510 ± 452)1T) 
3.6X1O-4 

3.2 X 10'6 exp( - 13610/T) 
4.8XlO- 4 

Temp.lK 

(1 aim) 298 
(1 atm) 294-328 

298 
(l aim) 298-313 

298 
(1 aim) 295-315 

298 

Comments 

(a) Rate of thermal decomposition of peroxyacetylnitrate in 
presence of excess NO was determined. 

(b) Rate of NO oxidation measured in the thermal decom­
position of peroxyacetylnitrate in the presence of excess NO in 
air. NO rate related to k with stoichiometric factor which was 
only determined at 296 K. 298 K value calculated from Arrhen­
ius expression. 

(c) Rate of exchange of 15N between CH3C03 15N02 and 
IsNO:l measured as well as decay of peroxyacetylnitrate in the 
presence of excess NO. 

Preferred Values 

k = 4.2X 10-4 S-1 at 298 K and 1 atm. 
k = 1.12 X 1016 exp( - 133301T) s -lover range 295-

330 K and 1 atm. 

Reliability 

Lllog k = ± 0.1 at 298 K. 
Ll (F .I If ) = ± 100 K . 

• 1, I'hyn. Ctwm. Ref. Data, Vol. 11, No.2, 1982 

Referenr.e 

Pate, Atkins, and Pitts, 1976 [1] 
Cox and Roffey, 1977 [2] 

Hendrey and Kenley, 1977 (3) 

Schurath and Wipprecht, 1979l4] 

Comments on Priferred Values 

(a) 
(b) 

lc) 

(.) 

The reported values for k at 298 K are in excellent agree­
ment. The temperature dependence of Hendrey and Kenley's 
data [3] is in excellent agreement with that of Schurath and 
Wipprecht [4] but the data of Cox and Roffey [2] which was 
determined over a slightly wider temperature range, gives a low­

er E / R. This may arise from a systematic change in the stoichio­
metry factor relating the measured rate of NO removal with kl in 
the latter study which was only determined at one temperature. 
However, over the common temperature range, the error bars on 
the experimetal values in all studies overlap. 

The preferred Arrhenius expression is based on the mean 
value of E IR from the three temperature dependence studies 

with anA· factor adjusted to give a 298 K value of k equal to the 
mean from all four studies, i.e., 4X2X10-4 

8-
1
• The pre­

ferred values are for a pressure of 1 atm air only; based on 
experimental results for reverse reaction, k is pressure depen-
dent below 1 atm. . 
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References 

[I] Pate, C. T., Atkinson, R., and Pitts, J. N., Jr., J. Environ. Sci. Health· 
Environ. Sci. Eng. All, 19 (1976). 

[3] Hendrey, D. G., and Kenley, R. A., J. Amer. Chem. Soc. 99, 3198 (1977). 
[4] Schurath, U., and Wipprecht, V. Proc. First European Symposium on Phy. 

sico·Chemical Behavior of Atmospheric Pollutants, Jspra, Italy 16-18 
October 1979.Eds. B. Versino and H. Ou. Commission of the European 
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HCHO + hv-?products 
Primary photochemical transitions 

Reaction 

HCHO + hv ..... H + HCO (1) 
..... H2 +CO (2) 

moC' 

358.4 
-9.1 

Alhreshold / nm 

334 

Absorption cross·section data 

Wavelength range/ nm Reference Comments 

326.1 
261-355 
240-350 

Platt, Perner, and Pal2, 1979 [1] 
Bass et aI., 1980 [2] 

(a) 
(b) 

(0) Moortgal et aI., 1980 [3] 

Quantum yield data (<p = <PI + <P2) 

Measurement 

¢II/¢; 0.63 
<P =1 

Wavelength/ nm 

313 
290-330 
250 

Reference 

Morrison and Heicklen, 1979 [4] 
Moortgal el aI., 1980 [3] 

Comment 

(d) 
(e) 

4> = 0.75 
..;62': 1 
<p,~0.4 

<;61~0.8 

;>330 

320 
300 

Tang, Fairchild, and Lee, 1979 [5] (I) 

Comments 

(a) u 7.BxlO 20 cm2 molecule- 1 for i 24 1 band mea­
sured with resolution of 0.3 nm. Agrees with Moortgat et al. [3J. 

(b) Cross-sections measured in a long path cell containing 
0.5-5 Torr HCHO (> 99.9% pIm'l) with II rp'"oll1tir:>n ofO.OS nm. 

Temperatures: 296 and 223 K. Effect of lower temperature was 
a decrease in absorption on the red side of the main hands. 
Cross-sections averaged over 5 nm and 10 nm intervals given as 
well as complete spectrum. 

(c) Cross·sections measured over the temperature range 
211-362 K with resolution of 0.5 nm. Values at5 nm resolution 
are also given at 220 and 298 K. 

(d) Photo-oxidation of HCHO at 313 nm studied. <P (CO) 
and <P (HCOOH) determined as function of [02) and [HCHO]. 
Total <P (as measured from CO yield) decreased with increasing 
O2 pressure. Results in conflict with all previous studies and are 
interpreted as strong quenching of <PI and <P2 by O2, 

(e) Quantum yields 4> (CO) and 4> (H;!) mClloured !IS function 

of wavelength 240-355 nm for HCHO at low concentration in 
air. Confirmed results of Moortgat and Warneck [7) including 
pressure and temperature dependence of <P2 at A. > 330 nm. 

(f) Laser induced photodecomposition at HCHO from the 
single vibronic levels of the excited A IA2 state. <P I determined 
from H atom yield measured by HNO chemiluminescence in 
reaction H + NO~HNO + kv. 

J. Phys. Chern. Ref. Data, Vol. 11, No.2, 1982 
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Preferred Values 
Absorption cross·sections and quantum yields for HCHO photolysis at 760 Torrs 

10'0 u/cm' 
Wavelengthlnm 286±9K 218 ±4K .pI .p2 

240 0.03 0.02 0.20 0049 
250 0.13 0.08 0.26 0.51 
260 0.47 0.47 0.33 0.51 
270 0.86 0.85 0.43 0.48 
280 1.86 1.93 0.60 0.40 
290 2.51 2047 0.72 0.28 
300 2.62 2.58 0.79 0.21 
310 2.45 2.40 0.79 0.21 
320 1.85 1.71 0.64 0.36 
330 1.76 1.54 0.31 0.61 
340 1.18 1.10 0 0.57 
350 0.42 0.39 0 0.33 
360 0.06 0.02 0 0.14 

S All values averaged for 10 nrn intervals of wavelength centered on indicated wavelength .. 

Pressure dependence of quantum yields for R CRO photolysis in air 

tPl' independent of pressure; tPz pressure independent at 
A. < 329 nm and 300 K. 

tP2 
Pressure/Torr 760 500 250 100 0 

21nrn 

340 0.69 0.77 0.87 0.94 1.0 
350 0040 0.50 0.67 0.83 1.0 
355 0.26 0.35 0.51 0.73 1.0 

Comments on Preferred Values 

The new measurements of absorption cross-section for 
HCHO in the A IA2~X IA I system provide a firmer data base 

., .. 
~ 
'0 6 .,. 

N13 

o 
N~ 

c: 
a 
u 
:l: 

HCHO 

300 

than previously available. The new values are 25 to 50% lower 
than those previously recommended on the basis of McVuigg 
and Calvert's [6] measurements. Also the values of Bass et a1. [2] 
are -25% lower than those of Moortgat et al. [3] at wavelengths 
>- 300 nm. The recommended 10 nm averaged value!! of {'T are 

based on the data from ref. [2] at 296 and 223 K and from ref. 
[3] at 277 and 214 K. Figure 7, supplied by G. K. Moortgat, 
shows the spectrum ofHCHO atO.5 nm resolution and 277.4 K. 
The absolute values of a shown are about 3 percent lower than 
the values tabulated in ref. [3]. 

The new quantum yield measurements from Moortgat et a1. 
[~leytp.n.1 the .1"t" h"~,, to ?4.0 nm. Th" r"~lllt~ ofMorri~on ann 

Heicklen for HCHO/Oz mixtures are in conflict with those of 
others, and their conclusions are therefore of uncertain value. 
The preferred values for HCHO photolysis in air are based pri­
marily on the earlier work of Moortgat and Warneck ['fl, Horo· 
witz and Calvert [8] and Clark et a!. [9], and these results are 

Wavelength. nrn 

FIGURE 7. Absorption spectrum ofHCHO. Resolution of 0.5 nm, T= 277.4 K, private communication from 
G. K. Moortgat. 
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0'8 

o 
240 

HCHO -¥- H + HCO :- -­

HCHO ~ H1 + CO 

-.---'-. ..... 

o 

260 2S0 

• ref 131 ,X reflSI. 0 ref 181 

0.17 refI7\. O,.1I9J 

I 

J 

o o 

300 320 

Wavelength {nm \ 

FIGURES. Wavelength dependence of HCHO photolysis quantum yields. 

plotted together with those from ref. [3) in fig. (8). The new data 

of Tang et al. [5] also show agreement for ifJl' The pressure 
dependence of ifJ2 at A > 329 nm and 300 K is calculated from 
the expressions given by Moortgat et al. [3): 

ifJ2 = [l + p(l - ifJA,t ))/ifJA(A)] -I for A> 340 

where p = pressure in atm. ifJ A (A ) is the total quantum yield 

(ifJl + ifJ2) at 1 atm pressure, which is given by the expression 

'ifJA(A)=l-f3( A-Ao ) 
AI-Ao 

where Ao = 329 nm; AI - Ao == 355-329 = 26 nm and 
f3 = 1 - ¢J A (355) = 0.74 (as measured). 
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[1) Platt, U., Perner, D., and Patz, D., J. Geophys. Res. 84,6329 (1979)., 
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Space 5cl. ,26, 07:; (1980). 

[3) Maortgat, G. K., Klippel, W., Mobus, K. H., Seiler, W., and Warneck, P., 
"Laboratory Measurements of photolytic parameters for formalde· 
hyde," FAA Report FAA·EE·S0-47, US Dept. of Transport, Office of 
Environment and Energy Washington DC (Nov. 1980). 

[4) Morrison, B. M., Jr., and Heicklen, J., J. Phatochem. 11, 183 (1979). 
[5) Tang. K. Y., Fairchild, P. W., and Lee, E. K. C., J. Phys, Chern. 83, 569 

(1979). 
16) McQuigg, R. D., and Calvert, J. G.,1. Amer. Chern. Soc. 91, 1590 (1969). 
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CH300H + hv~product5 

Reaction 

CHJOOH + hv-+CHJO + HO (1) 
->CHJ + H02 (2) 
--CHJ0 2 + H (3) 

Primary photochemical transitions 

184.6 
287.1 
365.1 

647 
429 
335 

II C31culated assuming AHuo - AHQ~9?S' Cp data not avaihlble for CH;,OOH_ 

Wavelength range/nm 

210-350 
210-280 

Comments 

Absorption croSs section data 

Reference 

Molina and Arguello, 1979 [II 
COX and Tyndall, 1979 [2) 

Comments 

(n) 

(iJ) 

obeyed. Similar spectrum observed 011 aqllt'n\ls solutilm, which 

agreed with earlier solution work, 

(a) CH300H prepared by standard method and absorption 

measured in long·path cell in 15 separate runs. Beers Law 

(b) Absorption of produr.1 of real'lioll of CII,07 + HOI ill 

photolysis ofCI2·CH4-H 2-02 rnixlun,s. A""llll·d IIh,orl'lioll due 

to CH300H. 
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Quantum Yield Data 

No data .. 

Preferred Values 

Absorption cross sections 

210 37.5 
DO D~ 

230 13.8 
240 8.8 
250 5.8 
2M ~ R 
270 2.5 
280 1.5 
290 0.90 
300 0.58 
310 0.34 
~O QW 
330 0.11 
340 0.06 
350 0.04 

Quantum Yields 

No recommendation. 

Comments on Preferred Values 

The preferred abeorption croee eection data are thoBc of 

Molina and Arguello [1], taken directly from their tabulation. 
The data of Cox and Tyndall can only be considered approxi­
mate since it was not established that the absorption was due 
entirely to CH300H. The values agree well with those in [1] at 
A < 230 nm but are higher at longer wavelengths. No data are 
available on the quantum yield or branching ratio for CH300H 
photolyeil! but, by analogy with other peroxide "peciell, it ia 

probable that <PI = 1 and <P2 <P3 = 0 for all wavelengths 
;;;.200 nm [3]. 

References 
[1] Molina, M. J., and Arguello, G., Geophys. Res. Letters. 6, 953 (1979). 
[2J Cox, R. A., .. nd Tynd .. n, C. S., Chem. Phyo. Lott. 65, 357 (1979). 
[3] Hampson, R. F., Jr., J. Phys. Chern. Ref. Data 2, 290 (1973). 

Primary photochemical transitions 

Reaction 

CH30,NO, + hv-..CH,O, + NO, 
-..CH)O+N03 

80 
125 

Alhrellhold J nm 

1493 
956 

Note: Only approximate values of L!H"98 values are given since the heat of formation of CH,O,NO, is not well known. 

Absorption cross-section data 

Wavelength rangel nm Reference 

Cox and Tyndall, 1979 [1] 200-310 
210-280 
240-280 

Morel, Simonaitis, and Heicklen, 1980 [2) 
Sander and Watson, 1980 [3] 

Quantum yields: 1'<0 data. 

Comments 

(a) CH30 zN02 prepared in photolysis of Cl2-CH4-Oz-NOz 
mixtures at 275 K. Absorption cross sections based on assump­
tion that all CH30 2 radicals produced in system reacted with 
N02• Correction for absorption due to NOz and 0 3 was also 
necessary_ 

(b) Similar to (a) using 366 nm photolysis and at 296 K_ 
(c) Residual absorption in flash photolysis of CI" + CH .. or 

(CH3hNz in the presence of O2 and NOz' 0' measured relative to 
the absorption cross section for CH30 Z in range 240-280 nm, 
and assuming stoichiometric conversion to CH30 2N02• 

Temp. = 298 K. 

J. PhV •. Chorn. Ref. Data, Vol. 11, No.2, 1982 

A./nm 

200 
205 
210 
215 
llU 
225 
230 
235 
24.0 

245 
250 
255 
260 

Comments 

(a) 

(b) 

(c) 

Preferred Values 

Absorption cross-sections for CH)O,NO, 

lO,ou/cm2 A Inm 

500 265 
360 270 
240 275 
150 2S0 
105 285 

80 290 
68 295 
60 300 
!>3 !~O!> 

46 310 
39 315 
32 320 
26 325 

I02°ulcm2 

20 
16 
13 
10.5 
8.4 

7.0 
6.0 
5.0 
4.0 
3.0 
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Quantum Yields 

No recommendation since no available data to indicate rel­
ative importance of <PI and <P2• 

Comments on Preferred Values 

In view of the thermal instability of CH30 2N02 measure­
ment of cross-section presents considerable experimental prob­
lems. Nevertheless the three studies yield values of 0" in modera­
tely good agreement at wavelengths < 255 nm as will be seen 
from figure 9. At longer wavelengths the agreement is less good 
and the experimental data from [1], which are the only values 
~xlt:nding into the wavelength region of importance for the at­
mosphere (A ~ 290 nm), show large scatter. This is reflected in 
the increased uncertainty limits at longer wavelengths, for the 
preferred values given in the table, which were obtained by 

c 
Q 

1: 
'" , 
'" >II e 
'-' 
c 
o 

~ 10-19 
:i: 
.Q 
..: 

constructing the best curve through all of the data points from 
[1-3]. 

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-N02 chromophore 
(e.g. HN03) it is likely that absorption around 270 nm is asso­
ciated with an orbitally forbidden n-ll * transition, which leads 
to dissociation of the molecule. Thus it is probable that 
<Pl+d>2=1~ 

References 
[1) Cox, R. A., and Tyndall, G. 5., Chern. Phys. Lett. 65, 357 (1979). 
[2) Morel, 0., Simonaitis, R., and Heicklen, J., Chern. Phys. Lett. 73, 38 (1980). 
[3) Sander, S. P., and Watson. R. T .• J. Phys. Chern. 84,1664 (1980). 
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FIGURE 9. Absorption cross section for methyl peroxynitrate. 200-320 nm. 
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Reaction 

CH,CHO + hv-+CH. + CO (1) 
-+CH3 + HCO (2) 
-+CH3CO + H (3) 
-+3CH,CHO (4) 

Wavelength range/nm 

290-340 
200-350 
290-350 

BAULCH ET AL. 

CH3CHO + hv~products 
Primary photochemical transitions 

-25.4 
341.4 

354.1 

Absorption cross section 

Reference 

Leighton. 1971 [l] 
Calvert and Pitts. 1966 [2] 
Weaver. Meagher. and Heicklen. 1977 [3] 

Quantum yield data 14> = 4>, + 4>, + 4>, + 4>.1 

350.1 
337.5 

Comments 

(a) 
(h) 

(c) 

Measurement Wavelength Reference Comment 

4>, = 0.20. 4>, = 0.013 
tPz = O.lll 

313.0 
313.0 

313.0 

Blacet and Heldman. 1942 [5] (d) 
(e) 

(f) 
Calvert., Pi~. and Tho"'p£on. 1956 [6] 

0.2<4>2<0.8; 4>, = 0.Ql3 

4>2 = 0.39; 4>, = 0.15 280.4 

265.4 
334.0 
313.0 
296.7 
280.4 
313.0 

313.0 

Leighton. 1961 [l] 
(f,g) 

Calvert and Pitts, 1966 [2] 
4>2 = 0.36; 4>, = 0.28 
4>4 = 1.0 

=0.84 
=0.59 
=0.48 

Paramenter and Noyes, 1963 [7] (h) 

4'2",0.0::; 
4>2 == 0.05; 4>. == 0.84 
4>2 =0 > 321.0 

266-320 

Au:.hCt, Cuudall, dnd PcalmcT, 1973 [0] 

Weaver. Meagher, and Heicklen, 1977 [4] 
Gill and Atkinson. 1979 [9] 

(i) 

(j) 
(k) 

4>, = important 

Comments 

(0) V nlues of € (L mol- I cm -I, base 10) averaged over 10 

nm wavelength intervals given. Source: early work of Smith [4]. 
(b) Graphical presentation of € (L mol- I cm -I, base 10) vs 

wavelength at 298 K. Spectrum determined in 10 cm path 
length with various pressures CH3CHO and undefined spectral 
resolution. 

(c) Table giving a (cm2 molecule -I) averaged over 5 nm 
wavelength intervals. No details given. 

(d) Photolysis of CH3CHO.I2 mixtures. <P (CO), <P (CH3I), 
<P (CH4) measured at 333-443 K. CH3! used as a measure of 
CH3 production. 

(e) CH3CHO photolysis at 573-623 K. <PH2 used as a mea· 
sure of HCO formation, assuming complete dissociation of 
HCO: HCO( + M)_H + CO( + M). 

Preferred Values 

Wavelength I nm 

200 
210 
220 
240 
250 
260 
270 
280 
290 

0.77 
0.31 

$0.1 
0.42 
1.0 
2.0 
3.4 
4.5 
4.9 

J, Phy •. Chern. Ref. Data. Vol. 11, No.2, 1982 

(0 Reviews based on earlier work including [5] and [6]. 
(g) Role of triplet state also considered. 
(h) Product quantum yields and emission studies for 

CH3CHO photolysis in presence and absence of NO in an at­
tempt to distinguish the role of excited triplet and single states of 
CH3CHO. 

(i) Cis-trans isomerisation of2-butane used as a measure of 
triplet acetaldehyde production. Limiting high pressure values 
of <P (CO) and <P (CH4) give <P2 • 

(j) Photooxidation of CH,CHO ~t 313 nm studied. Quan­

tum yields for CO and other products measured as function of 
[02], [CH3CHO], etc. Atmospheric photolysis rates were calcu­
lated. 

(k) Wavelength dependence of HCO formation in photodis­
sociation of CH3CHO measured using narrow band laser excita­
tion and time-resolved intra-cavity detection of HCO. 

Wavelength! nm 102°cr/cm2 

295 4.5 
300 4.3 
305 3.4 
315 2.1 
320 1.8 
325 l.l 
330 0.69 
335 0.38 
340 0.15 

345 0.08 
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Quantum Yields 

No recommendation. 

Comments on Preferred Values 

The absorption cross-sections given in the table are actual 
values f<lr the wavelengths indicated and are not averaged. Since 
the spectrum shows very little structure, little error would result 
from interpolation. The preferred values are based on those 
from [2] and [3] which are in excellent agreement. Data from [1] 
appear high by ~50%. No firm recommendation can be made 
for the quantum yields for the various photochemical transi­
tions. The photolysis of acetaldehyde is complicated by the var­
ious excited molecular states which can be populated following 
absorption of a photon in the uv band. The wavelength depen. 
dence of <PI [1,2] and the recent time-resolved study of HCO 
formation [9] show that the dissociation mechanisms and yields 
change with excitation wavelength. The emission study [7] and 
cis-trans isomerisation work (8] clearly show an important role 
of the triplet CH3CHO molecules and since triplet carbonyl spe­
cies exhibit temperature dependent decomposition, extra pol a-

tion from the early work at high temperture (5,6] is probably not 
valid for room temperature, atmospheric pressure values. Fur­
thermore, photochemical decompositIOn of CH3CHO could re­
sult from reaction o[3CH3CHO with O2 as suggested by Weaver 
et aI. [3]. from their study of the photo-oxidation of CH3CHO. 
Possible uncertain tip." in thp. intp.rrr .. t~tion of thp. " .. "()nrl~ry 
chemistry in their system could, however, affect their conclu­
sions. 
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& London, 1961, pp. 74-79. 
[2] Ca.lvert,. J. G., ond Pitt~, J. N., Jr., Photoc.hemi~try, j. Wiley and Son~, 1966, 

p.368-37l. 
13] Weaver, J., Meagher, J., and Heicklen, J., J. Photochem.6, III (1976). 
[4] Smith. J. H. c., Carnegie Inst. Wash. Yearbook, No. 27,178 (1928). 
[51 Blaeet, F. E .• and Heldman, J. D .. J. Amer. Chem. Soc. 64. 889 (1942). 
[6] Calvert. J. G., Pitts.]. N .• Jr., and Thompson, D. D .• J. Amer. Chern. Soc. 78, 

4239 (1956). 
[7] Parmenter, C. S., and ~oyes, W. A., Jr., J. Amer. Chern. Soc. 85, 4161 

(1963). 
\6) Archer. A. :S., Cundall, R. n., and Palmer. T. Y •• Proc. Roy, :Soc. (London) 

A.334, 411 (1973). 
[9] Gill, R. J., and Atkinson, G. H., Chern. Phys. Lett. 64, 426 (1979) .. 

Primary photochemical transitions 

Reaction 

CH3C03N02 + hv ..... CH3C03 -+ NO, 
~CH3CO, + N03 

110 
131 

--------------------~ 

1086 
914 

Absorption cross section data 

Wavelength range/nm Reference Comments 

220-270 Stephens, 1974 [1] (a) 

Comments 

(a) Pure sample of peroxyacetylnitrate in Nz prepared by 
sl"nrl~rrl techniqu .. ~. Absorption measured in 10 em cell and 
given as plot of € vs wavelength. 

Quantum Yield Data 

No available data. 

Preferred Values 

The following table shows provisional values for absorp­
tion cross sections in the range 220-270 nm. 

Absorption cross seclions 

Wavelength I nm 102"ulcm' Wavelenglh/nm 102°ulcm' 

220 100 2::;0 15 
225 70 255 11 
230 50 260 8 
235 37 265 6 
240 27 270 -1 
245 20 
-_.---,-_.-_.'- --~--"- -~~~--~ 

Quantum Yields 

No recommendation. 

Comments 

The only published values of the absorptioncross-seetions 
are those in ref. II J, although confirmation of these values has 
been reported 12J. The values given are estimated from the fig­
ure in ref. /1]. No information is available concerning the Tela­
ti\'(~ importance of ¢JI and ¢J2' but by analogy with other nitrates 
it is probable that ¢JI + ¢J2 = 1, for absorption in the ltV region. 

References 
III SIr'pi""", I·;. H., Adv. ill Environ. Sci. <~ '1'""1.,,,01. J, , I') (,'Ur')). 

12 I Addi" .... M. c., Burrow,,] .1' .. Cox, H. A., ",,01 l'alr",". ''', ClII'III. I'hy,. ],,'11. 
7;5, 21U (I <JI\O). 
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5.5. Sulfur Compounds 

.JHO = - 44 kJ mol- 1 

Rate coefficient data 

It: fem 3 molecule-I S-I 

Absolute Rate Coefficients 

3.15;><;10-" "Xp( 20001T) 

(3.6 ± O.72)X 10- 14 

(2.6 ± 1.4) X 10- 11 exp( - (2171 ± 202)IT) 
(1.83 ± O.l5)X 10- 14 

Reviews and Evaluations 

2.6Xl0- 11 exp(-2170IT) 
7.2XlO- 12 exp( -1660IT) 
2.6 X 10 -II exp( 21701 T) 

Comments 

Temp.!K 

28]-497 

301 
297-502 
297 

200-300 
250-500 
200-300 

(a) Fast-flow discharge, [O]>[H2S]. [H2S] monitored by 
photoionization mass spectrometry. Values of k found to be con­
stant for initial [O]l[H2S] > 50. Arrhenius expression quoted is 
least squares fit to values of k given in [1]. 

(b) Molecular modulation technique. 0 generated by Hg 
photosensitized decomposition of N2 0 at 254 nm. 

(c) Accepted results of [2]. 
(d) Based on all available data prior to [1], [2]. 

Preferred Values 

k = 2.2 X 10- 14 cm3 molecule -1 s -1 at 298 K. 
k 1.4XIO- 11 exp( -I920IT) cm3 molecule-I 5-

1 

over range 290-500 K. 

Reliability 

..j log k + 0.3 at 290 K. 

.J (E I R) = ± 750 K. 

Comments on Priferred Values 

The two recent measurements of k [1], [2] are in reasonable 
agreement on the temperature coefficient of the rate coefficient 
but the absolute values differ by approximately a factor of two 
over the whole temperature range. In the discharge flow study 
[1] the reactions of 0 with a number of sulphur containing com· 
pounds were studied and where comparison is possible it ap­
pears that the rate coefficient values are high compared with 
results from other laboratories. On the other hand the results 
from [2] are in better agreement with the most reliable previous 

• 1. Phy •. Chern. Ref. Data, Vol. 11, No.2, 1982 

Reference 

Slagle, Baiocchi, and Gutman, 1918 [1] 

Singleton et a!., 1979 [2] 

NASA, 1979 [3] 
CODATA,1980[4] 
NASA, 1981 [5] 

Comments 

(a) 

(b) 

(c) 
(d) 
(e) 

results. those of[6](k = 7.2 X 10- 12 exp( 1660/T) cm3 mo· 
lecule -1 s -1), than the difference in Arrhenius parameters 
might suggest. The absolute values of k in the range 330-500 K 
in these two studies {2], [6] are identical, within experimental 
error, and it is only at lower temperatures that they diverge 
considerably so leading to the differences in the Arrhenius ex· 
pressions. 

The preferren vallieR are neriven from a lea~t squares fit to 
the results of[2] and [6] but, because of the divergence of results 
at lower temperatures the range of validity of our recommenda­
tion is limited to T> 290 K. 

If the results of Hollinden et a1. (7] in the range 205-300 K 
are correct, they suggest a marked and abrupt change in the 
reaction mechanism, but it would be premature to assume this. 
Further studies in this temperature region would ohv1olll!ly he of 
value. 

References 
[II Slagle, J. R., Baiocchi. F., and Gutman, D.,J. Phys. Chem. 82,1333 (1978). 
[2J Singleton, D. L., Irwin, R. S., Nip, W. S., and Cvetanovic, R. J., J. Phys. 

Chern. 83, 2195 (1979). 
[3J NASA Ref. Pub!. 1049, "The Stratosphere: Present and Future," Hudson, 

R. D., and Read, E. 1.. editors (1979). 
[4] CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hampson, R. F., Jr .• Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9,295 (1980). 

(5) NASA Panel for Data Evaluation. "Chemical Kinetic and Photochemical 
Data for Use in Stratosphere Modelling," DeMore, W. B., Stief, L. J., 
Golden, D. M., Hampson, R. F., Jr., Kurylo. M. J., Margitan, J. J., 
Molina. M. J., and Watson, R. J., JPL Pub!. 81-3 (1981). 

[6] Whytock, D. A., and Timmons, R. B.; Lee, J. H .• Michael, J. V., Payne, W. 
A., and Stief. L. J., J. Chem. Phys. 65.2052 (1976). 

[7] Hollinden, G.A., Kurylo, M.J.,and Timmons, R. B.,J. Phys. Chem. 74, 988 
(1970) . 
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o + CH3SCH~CH3S0CH3---*Products 
439 

Rate coefficient data 

k fern' molecule 1 s 1 

Absolute Rate Coefficients 

(1.42 ± 0.07) X 10- 11 exp«367 ± 15)fT) 
(4.85 ± 0.52) X 10- 11 

6.3XlO- ll 

(1.93 ± 0.10)X 10- 11 exp({304 ± 16)/T) 
5.7XIO- II . 

(1.28 ± 0.12)X 1O- 1J exp«419 ± 30)fT) 
(4.83 ± O.46)XlO- 11 

Comments 

Temp.lK 

268-424 
298 
300 
252-493 
296 
272-472 
296 

(a) Flash photolysis; resonance fluorescence detection of O. 
Flow system to avoid product accumulation. No change in k with 
flash energy and total pressure (Ar diluent) over range 40-100 
Torr. 

(b) Fast-flow dischar1'lc study. Photoionisation mass spcc­

.trometric detection of CH3SCH3 removal in excess ( - 20 fold) of 
O. 

(c) Method as in (b). Arrhenius expression quoted is least 
squares fit to points from [3]. 

(d) Fast-flow discharge study. [0] monitored by resonance 
fluorescence. [CH3SCH3] in large excess. . 

Preferred Value$ 

k 4.8XlO- 1I cm3 molecule- l s-1 at 298 K. 
k = l.3X 10- 11 exp(390IT) cm3 molecule- l 8- 1 

range 270-500 K. 

Reliability 

..j log k 

..j (E IR) 
± 0.15 at 298 K. 
± lOOK. 

over 

Reference 

Lee, Timmons, and Stief, 1976 [1] 

Slagle, Graham, and Gutman, 1976 [2] 
Slagle, Baiocchi, and Gutman, 1978 [3) 

Lee, Tang, and Klemm, 1979 [4] 

Comments on Preferred Values 

Comments 

(a) 

(b) 
(e) 

(d) 

Two of the studies using different techniques, but from the 
same laboratory, are in excellent agreement [1], [4]. The other 
results [2], [3] are - 30% higher over most of the temperature 
range. The values of k (0 + H~S) in the same study [2] also ap­
pear to be higher than those from other laboratories. The pre­
ferred values are therefore obtained from (1] and [4] by averag­
ing the values of E I R and fitting the Arrhenius expression to the 
preferred value of k at 298 K. The error limits are sufficiently 
wide to encompass the results of [2], [3]. The rate coefficient 
appears to be independent of pressure over the range 0.7-100 
Torr Ar. 

It is suggested [1], [2] that the reaction proceeds by 0 atom 
addition to S. There is evidence for this from the high values of 
k, the trend in rate coefficients for 0 atom reactions with RSR 
species (where R = H, methyl) [3] and from a crossed molecular 
beam study at very low pressure in which product fragments 
could be observed [2]. However the reaction products at higher 
pressures have not been identified. 
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[31 Slagle, I. n., Baioechi, F .• and Gutman, D.,J. Phys. Chern. 82,1333 (1978) . 
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o + CS2~SO + CS (1) 

~CO + 52 (2) 

~OCS + 5 (3) 
..18"(1) = - 89 kJ mol- 1 

L1HO(2) = - 348 k] mol- I 

L1HO(3) = - 23] kJ mol- l 

Rate coefficient data (k = k 1 + "2 + "3) 

Ie fcm' Temp.lK 

-------------_._---

2.9XI0- '2 

3.6XlO-'" 
4.1 X 10- '2 

5.IXlO- '1 
6.1 X 10-'2 
0.5>(10-'2 

I 1.2 X 10-'2 

Relative Rate Coefficients 

k2 - «(;.62 ± O.75)X10-'· 

Reviews and Evaluations 

", 3.IXlO-"exp(-640fT) 
:>.BX 10-" exp( -700fT) 

", = 3.1 X 10- 11 exp( - 640fT) 

Comments 

249 
273 
295 
335 
376 
4~j 

SOO 

200-300 
200-:~00 

200-300 

(a) This data incorrectly tabulated in CODATA, 1980 [4]. 
(b) Flash photolysis of NO/CS2 mixtures. [COJ monitored 

by CO laser absorption. Relative yields of CO extrapolated to 
t = 0 to give k / k (0 + C2H2) = 0.373 ± 0.48. k (0 + C2H2) 

= 1.57 X 10- 13 cm 3 molecule -I s - I [6] used to obtain k2• 

(c) Reaction attributed to channel (I). 
(d) Based on data from [I], [7-10]. See note (a). 

Preferred Values 

k = 3.4X 10-12 cm3 molecule- I s-I at 298 K. 
k, = 3.0X 10- 12 cm3 molecule-I &-1 at 298 K. 
k2 = 5.8X 10- 14 cm3 molecule- 1 S-I at 298 K. 
k3 = 3.3 X 10- 13 em3 moleoule -1 c -1 Qt 21)8 K. 
k 2.0 X 10- I I exp( 530 IT) over range 200-500 K. 
k/k = 0.91 over range 200-500 K. 
k31 k 0.09 over range 200-500 K. 

Reliability 

LI log k = ± 0.15 at 298 K. 
Lllog kl = ± 0.2 at 298 K. 
.a log k2 = ± 0.2 at 298 K. 
LI log k3 ± 0.25 at 298 K. 
,d(EIR) ±IOOK. 
LI (k,lk) = -!: 0.02 over ranee 200_S00 K 
LI (k31 k ) = ± 0.02 over range 200-500 K. 
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Reference 

Gran'ln .n-l r.ntm~n, 1977 [lJ 

Hsu et aI., 1979 [2] 

NASA, 1979 [3] 
CODATA, 1980 \4) 
NASA, 1981 [5] 

Comments on Preferred Values 

Comments 

(a) 

(b) 

(cl 
(d) 

(e) 

The preferred value of k in CODATA, 1980 [41 was based 
upon incorrectly tabulated values from [I]. The preferred value 
of k now given is obtained by a least squares fit to the correct 
data from [I) and data from [7-10). The value of k2 is the only 
available measurement [2]; it is recommended but with substan­
tially increased error limits. k3 at 298 K is calculated from the 
preferred value of k and the measured branching ratio k 31 k \1). 
kl at 298 K is obtained from k, k2' and k3 by difference. 

Measurements of k3/ k [IJ over the range 200-500 K indi­
cate a very slight temperature dependence but until this is con· 
firmed we have chosen to recommend a temperature indepen· 
dent ratio with wider error limits. At 298 K, k2<kl and 
assuming this to persist over the range 200-500 K, the pre­
ferred value for k Ilk for this temperature range is obtained, by 
difference, from k and k3• 
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Rate coefficient data 

k lem3 moleeule- I S-I 

Absolute Rate Coefficients 

(2.12 ± 0.22) X 10- iO 

Temp.lK 

270-329 

Comments 

(a) Fast-flow discharge study; resonance fluorescence de­
tection of 0 atoms. [CH3SSCH.,]/[O] ~ 10-40. Rate coefficient 
independent of pressure over range studied (0.52-2.60 Torr). 

Preferred Value 

k = 2.1 X 10- 10 cm3 molecule -I S-I over range 270-
330 K. 

Reliability 

.d log k = ± 0.3 over range 270-330 K. 

.dH· = - 22.8 kJ moJ- 1 

Reference Comments 

Lee and Tang, 1980 [1] (a) 

Comments on Preferred Value 

Although there is only one available study, the method 
ll:sed was direct and appear" to give reliable result" for the 

o + CH3SCH3 reaction. The value of k is very high but not 
unacceptably so in comparison with that established for the 
o + CH3SCH3 reaction. This one value is therefore recom­
mended but with wider error limits until confirmed by other 
studies. The reaction products have not been identified. 

References 

(11 Lee, J. H., and Tang. 1. N., J. Chern. Phys. 72, 5718 (1980) . 

Rate coefficient data 

k lem3 molecule- I S-I 

(1.7:i:: 0.5)>< 10- 12 oxp«153 ± 1OS)/T) 

(2.6 ± 0.3) X 10- 12 

Reviews and Evaluations 

2.0XlO- 12 

Temp.lK 

296 393 

230-400 

Reference Comments 

Clyn. find \Vh;loli.ld, 1979 [1] (Q) 

CODATA, 19110 12J (b) 
--------------------_. ---_. --- "'--' 

(a) Discharge flow; S atoms generated by discharge in Ar! 
502 mixtures. [5]<[02], [5] monitored by resonance fluores­
cence. 

(b) Based on [3-7]. 

Preferred Value 

k = 2.3XlO- 12 cm3 molecule- I s-I over range 230-
400K. 

Reliability 

.d log k = ± 0.2 at 298 K. 

.d (E!R) = ± 200 K. 

Comments on Preferred Value 

The most recent measurements [1] agree well with most of 
the earlier results and the previously recommended value [2]. A 

small de<:rease in k with inerellse in tempero.turc wo.., found, hut 

the error limits comfortably encompass the value suggested in 
CODATA (2) and we modify only slightly this previous recom­
mendation. The present recommendation is based on [i), [3-6] .. 
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AH' = -114 kJ mol-I 

Rate coefficient data 

k I em3 molecule 1 s 1 

Relative Rate Coefficients 

(5.0 ± 0.3)X 10- 12 

Reviews and Evaluations 

5.3XIO- 12 

1.lXIO- 1I exp( - 225fT) 
1.1 X 10-11 exp( - 220fT) 

Temp.lK 

298 

200-300 
250-400 
200-300 

Comments 

(a) Photolysis of ~5 ppm of HONO in synthetic air mix· 
ture, at one atmosphere pressure, containing a few ppm of C2H4 

and H2S. [C2H4] and [H2SJ3 monitored by gas chromatography. 
k / k (HO + C2H4) = 0.62 ± 0.04 obtained. k (HO + C2H4 ) 

= ~x 10- 12 em3 molecule- t 5- 1 used (CODATA evaluation). 
(b) Mean of values from [5] and [6]. 
(c) Based on [5], [6J. 

Preferred Values 

k = 5.3XIO- 12 cm3 molecule- I S-I at 298 K. 
k = 1.1XIO- 1I exp( - 225/T) cm3 molecule- I s-I 

over range 250-400 K. 

Reliability 

A log k = ± 0.1 at 298 K. 
A (E I R ) = ± 225 K. 

Reference Comments 

Cox and Sheppard. 1980 [1] (a) 

NASA, 1979 [2] (b) 

CODATA. 1980 13] (c) 
NASA, 1981 [4] (c) 

Comments on Preferred Values 

The only recent measurement is in good agreement with 
the previous CODATA evaluation [3] which is therefore un· 
changed; 

References 
III Cox. R. A .. and Sheppard. I) .. N.tll,e (I ",",Jon) 284.. RRO (l9ll0)_ 
[2] NASA Ref. Pub!. 1049, "The Stratosphere: Present and Future," Hudson, 

R. D., and Reed, E. I., editors (1979). 
[3] CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hampson, R. F., Jr., Kerr, 1. A., Troe, J., and Watson, R. 1., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

[4] NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 
Data for Use in Stratospheric ModeUing," DeMore, W. B., Stief, L.l., 
Golden, D. M., Hampson, R. F., Jr., Kurylo, M. J., Margitan, 1. T., 
Molin", M. J., and W"toon, R. T.,JPL Puhl. 81 3 (1981). 

[5] Westenberg, A. A., and de Haas, N., J. Chern. Phys. 59, 6685 (1973). 
[6] Perry, R.A., Atkinson, R., and Pitts, J. K, Jr., J. Chern. Phys. 64, 3237 

(1976). 

Rate coefficient data 

k fern3 molecule-I S-I Temp.lK 

Absolute Rate Coefficients 

5.47 X 10- 12 exp{{179 ± 1SO)/T) 300-427 
(9.8 ± 1.2) X 10- 12 300 
(6.25 ± 4.19)X 10- 12 exp«131 ± 215)fT) 273-400 
(8.28 ± 0.87)X 10- 12 296 

Relative Rate Coefficients 

(9.1 ± 1.4) X 10- 12 297 

Comments 

(a) Vacuum uv photolysis of H20 / Ar / CH3SCH3 mixtures. 
[HO] monitored by resonance fluorescence. Large excess of 
CH3SCH3 over HO. Flow system used to prevent accumulation 
of reaction products. 

(b) HO generated by photolysis of ~5 ppm of HONO in 
synthetic air mixture at atmospheric pressure, containing a few 
ppm of C2H4 and CH3SCH3 • [C2H41 and [CH3SCH31 monitored 

J. Phys. ChftID. Ret. Data, Vol. 11, No.2, 1982 

Reference Comments 

Atkinson, Perry, and Pitts, 1978 [1] (a) 

Kurylo, 1978 [2J (a) 

Cox and Sheppard, 1980 [3] (b) 

by gas Chromatography. k / k (HU + C2H4) = 1.14 obtained. 
Value of k obtained using k (HO + C2H4) = 8.0X 10- 12 

cm3 molecule- I 
S-I (CODATA evaluation). 

Preferred Values 

k = 9.1 X 10- 12 em3 molecule -I S-I at 298 K. 
k = 5.5XlO- I2 exp(150/T) cm3 molecule- 1 S-I over 

range 200-500 K. 
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Reliability 

..1 log k = ± 0.1 at 298 K . 

..1 (£ I R ) = ± 200 K. 

Comments on Preferred Values 

Results from the two independent flash photolysis studies 
[1], [2], and the relative rate study [3] are in excellent agree· 

ment. The preferred values are based on these three studies. The 
reaction products have not been identified and it is not certain 
whether the reaction proceeds by abstraction or addition . 

References 
[11 Atkinson, R., Perry, R. A., and Pitts, J. N., Jr., Chern. Phys. Lett. 54. 14 

(1978). 
[21 Kurylo, M. J .• Chern. Phys. Lett. 58.233 (1978). 
[31 Cox, R. A .• and Sheppard, D .• Nature (London) 284, 330 (1980). 

HO + CS2-+products 

Rate coefficient data 

k lem3 moleeule-' 8- 1 Temp.lK 

----_.----------------------------------
Absolute Rate Coefficients 

<9.9X1O- IS 

< 1.5 X 10- 15 

<1.6XIO- 1S 

Relative Rate Coefficients 

<3XlO- IS 

(4.3 ± 1.6)X 10- 13 

Reviews and Evaluations 

1.9XIO- u 

.;;2 X 10-13 

.;;1.5XlO- 15 

Comments 

251 
297 
363 

298 
295 

290 

298 
200-300 

(3) Flnoh photolysis of H20/CS2/ diluent mixture" in flow 
system. (HO] monitored by resonance fluorescence. Decay of 
[HO] over whole time scale found to be first·orderonly when CS2 

used to filter flash and SF6 used as diluent. Suggest that large 
values of k reported in previous studies [7], [8] due to CS2 photo· 
lysis product reacting with HO. 

(b) Photolysis at 254 nm of H20 2 /CS zIX mixtures (where 
X = CO, C3 H8, iso·C4 H IO). Gas chromatographic and radioche. 
mical assay of products. Rate of COS formation determined. 
Values obtained for k Ik (HO + CO) = 0.02-0.0067, k I 
k (HO + C3Hg) = 0.0059, k Ik (HO + iso.C4H IO) = 0.0038, 
which give values of k in the range (O.Ol-l.O)X 10- 14 cm3 mo. 
lecule -I s -I, using k (HO + CO) = 1.5 X 10- 13 cm3 mole. 
cuie- 1 S-I (CODATA evaluation), k(HO + C3H8) = 1.6 
X 10- 12 cm3 molecule-I ~ -1 (authors' value), and 
k (HO + iso.C4HIO = 2.2X 10- 12 cm' molecule-I S-I (auth. 
ors'value). 

(c) Photolysis of -5 ppm of HONO in synthetic air mix· 
ture, one atmosphere pressure, containing a few ppm of ethyl. 
ene and CS2• [C2H4] and [C52} monitored by gas chromato· 
graphy. k Ik (HO + C2H4) = 0.06 ± 0.02 obtained. 
k (HO + CZH4) = 8 X 10- IZ em molecule -I s -1 used (CO­
DATA evaluation). 

(d) Accepts value of [7]. 
(e) Value of [7] taken as upper limit. 
(f) Accepts value of [1] as upper limit. 

Reference 

Wine. Shah. and Ravishankara, 1980 fl] 

Subrarnonia lyer and Rowland. 1980 [2] 
Cox and Slwppard, 198013] 

:'iASA,197914J 
CODATA. 1980 [0,1 
NASA, 1981 16] 

Preferred Value 

Comments 

(a) 

(b) 

(e) 

(d) 

(e) 

(f) 

k<1.5X ]()-- 15 em3 molecule- t s-I at 298 K. 

Comments OIl Pr~rerred Value 

Two ren~nt studies [I}, [2] suggest strongly that previous 
measurements 171, [8 J of k are far too high. A possible reason In 

the case of earlier flash photolysis work on CS2/HzO mixtures is 
that the HO is rapidly moved by reaction with CS2 photolysis 
product~ rather than CS2 itself. In the relative rate work there 
are several factors which could have lead to the high values 
obtained, including CS! formation and the presence of oxygen. 
The recent results (1], (2] are preferred but should be used with 
caution for atmospheric modelling. 

References 
III Wine. 1'. B., Shah. R. C, and Ravishankara. A. R., J. Phy'. U"'III. 111 .. 24')') 

(l9fjO). 

[21 Sunrarnonia lyer, R., and Rowland, F, S., GeopllYs. H",. 1."11.7. 7'J7 (I 'lBlll. 
I:~ I CII', H. A., and Sheppard, D., Nature (London) 281 .. :no (I ,)BO). 

14.) NASA Ref. Pub!. 1049, "The Stratosphere: I're,,'nl/1,,01 Fill"""." Ji",I""". 
B. Il., nn,j R~",j. F. I • ",Jilm< (l <)7<l) 

lSI CODATA Task Group on Cherni",,1 Ki,,,,li,". 1\1II""h, I). I ... L"x. H. A., 
!lampson. R. r., Jr" Kerr, J. A" Tro)(', J.. ""d Wit"'"". H. '1'" J. I'hY' 
Chern. Hcf. Data 9, 2'JS (I 'mol. 

I()j NASA Panel for Datn Evaillillioll, "( :llI"lIIi,'.J1 J\.iIH'!W llltd Phulol"ilt,tllic.al 

Dal;) for ljst, ill Stratospheric rV1od"lilllg," (),"i\:I"If', \'i. B .. Siler, I.. J., 
(;olden, D. M .. II a 111 1':-'011, H. 1". Jr.. K,n,-Iu, M . .I., MIIl·~ilall. J. 1.. 
Moli"". M. J" IIwl Wa""". H. '1' .• JI'I. I'"bl. B 1-:\ (I'm I). 

171 K ",·yl". M. J" Ll1<'III. I'h ,.,. 1."11. ;,n. 2:\l\ (I 'rl1I). 
1111 Alkj","n. H" I"',ry, H. A" and 1'1110. J. 1\., Jr" eh"III. I'hy'. Lell. 51 .• 14, 

(1'I7H). 
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HO + CH3SSCH3-+Products 
Rate coefficient data 

k Icm3 molecule-I 5- 1 Temp.lK 

Relative Rate Coefficients 

(2.23 ± 0.80) X 10-. ,0 298 

Comments 

(a) Photolysis of -5 ppm of HONO in synthetic air mix­
ture at atmospheric pressure, containing a few ppm of C2H4 and 
CH~SSCH~. rC,H4 1 and rCH~SSCH~l monitored by gas chroma­
tography. k Ik (HO + C2H4) = 28 ± 10 obtained. 
k (HO + C2H4) taken as 8.0 X 10- 12 em3 molecule -1 s -1 (CO­
DATA evaluation). 

Preferred Value 

k = 2.2 X 10- 10 cm3 molecule -I s -1 at 298 K. 

Reliability 

.d log k = ± 0.3 at 298 K. 

Reference Comments 

Cox and Sheppard, 1980 [II (a) 

Comments on Preferred Value 

The only available value of k comes from a study in which a 
number of rate constants for related compounds were all deter­
mined by the same technique, which gave values in good agree­
ment with other measurements. 

This value of k is therefore recommended but with wider 
error limits until confirmatory studies are undertaken. The reac­
tion products have not been identified. The magnitude of the 
rate constant suggests that the initial step in the reaction is one 
of additions. 

References 
[1) Cox, R. A., and Sheppard, D., Jliature (London) 284, 330 (1980). 

HO + OCS-+produds 
Rate coefficient data 

Absolute Rate Coefficients 

(0.88 ± 0.Ol)XIO- '4 
(1.89 ± 0.25)X 10- 1

• 

(3.27 ± 0.56) X 10- 14 

Relative Rate Coefficients 

,4X 10- 14 

Reviews and Evaluations 

5.6XlO- 14 

,6Xl0- 14 

< 1.0 X 10- 14 

Temp./K 

298 
343 
369 

295 

298 
298 
298 

Comments 

(a) Flash photolysis-resonance fluorescence study. With 
H20 as HO source photolysis of OCS cannot be avoided and 
introduces interfering secondary reactions. Use oflaser photoly. 
sis of HN03 at 193 nm eliminates this problem. 

(b) Photolysis of -5 ppm of HONO in synthetic air mix· 
tures at 1 atmosphere pressure containing a few ppm of ethylene 
and OCS. [C2H4J and [OCS] monitored by gas chromato· 
graphy. k I k (RO + C2H4)<O.005 obtained. k (HO + C2H4) 

= 8 X 10- 12 cm3 molecule -1 5 -I used (CODATA evaluation). 
(c) Accepts, with some reservations, the value of [6]. 
(d) Value of [6] taken as upper limit. 
Ie) Accepts value of [1] as upper limit. 

,I. Phy ... Chern. Ret. Data, Vol. 11, No.2, 1982 

Reference Comments 

Ravishankara et a!., 1980 [1] (a) 

Cox and Sheppard, 1980 [2] (b) 

NASA, 1979 [3] (e) 

CODATA, 1980 [4] (d) 

NASA, 1981 [5] (e) 

Preferred Value 

k<; 9 X 10 1$ cm' molecule I s I at 298 K. 

Comments on Preferred Value 

Flash photolysis studies of this reaction suffer from the 
difficulty of obtaining a clean source of H 0 radicals in the pres· 
ence of OCS. OCS is readily photolysed and, because of the 
slowness of its reaction with HO radicals, small traces of photo­
lytic impurities may compete effectively with OCS for HO radio 
cals. Earlier measurements 16-81 probably suffered from this. 
The recent study [1] appears to have largely overcome the prob­
lem and the preferred vallie is taken from this work but, conser· 
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vatively, we take it as an upper limit until it is confirmed by 
other studies. The results of [1] suggest a significant tempera­
ture dependence of the rate coefficient. 

References 
[1] Ravishankara, A. R., Kreutter, N. M., Shah, R. C., and Wine, P. H., 

Geophys. Res. Lett. 7, 861 (1980). 
[2] Cox, R. A., and Sheppard, D., Nature (London) 284, 330 (1980). 
[3] NASA Ref. Pub!. 1049, "The Stratosphere: Present and Future," Hudson, 

R. D., and Reed, E. I., editors (1979). 

jjH°'::::!. - 223 kJ mol- 1 

[4) CODATA Task Group on Chemical Kinetics, Baulch, D. L .. Cox, R. A., 
Hampson. R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

[5] NASA Panel for Data Evaluation, "Chemical Kinetics and Photochemical 
Data for Use in Stratospheric Modelling," DeMore, W. B., Stief, L. J., 
Golden, D. M., Hampson, R. F., Jr., Kurylo, M. J .. Margitan, J. J., 
Molina, M. J., and Watson, R. T., JPL Pub!. 81-3 (1981). 

[6] Kurylo, M., Chern. Phys. Lett. 58, 238 (1978). 
(7) Atkinson. R., Perry, R. A., and Pitts, J. N., Jr., Chern. Phys. Lett. 54, 14 

(1978). 
(8) Cox, R. A .• U.K. Atomic Energy Authority Report, R8132 (1975). 

Low pressure rate coefficients 

Rate coefficient data 

Reviews and Evaluations 

3.0 X 10 31 (T /300) - 2 .• [N.] 
3.0 X 10-31 (T /300) - 2.9 IN.] 

Comments 

(a) Values from ref. [2]. 

Temp.lK 

200-400 
200-400 

(b) Fl'OUl fall-off curve:; ill the plelSbule lange ::;-1000 Tun, 
evaluated with Fe '::::!.0.7. Values in agreement with the evalua­
tion by Zellner, 1978 [4]. 

Preferred Value 

ko = 3.0 X 10-31 (T 1300) - 2.9 [NzJ cm3 molecule -I S-I 

uvec Hmge 200-400 K. 

Reference 

NASA, 1979 [1], 1981 [3] 
CODATA. 1980 (2) 

Reliability 

Comments 

(a> 
(b) 

jj log ko = ± 0.3 over range 200-400 K. 

Comments on Preferred Value. 

No new data in the low pressure part of the fall-off curve. 
New data at very low pressures and a new evaluation are needed. 

High pressure rate coefficients 

Reviews and Evaluations 

2XlO- l2 

2XlO- l2 

Comments 

(a.) a.nd (b); see oomments for kQ• 

Preferred Value 

Temp.lK 

200-400 
200-400 

R.ate coefficient data 

Reference 

NASA, 1979 [1], 1981 [3] 
CODATA, 1908 [2] 

Comments on Priferred Value 

Comments 

(a) 

(h) 

The earlier evaluation of ref. [2J was made with Fc 0.7, 

k~ = 2.!'iX10- 12 cm 3 molecllle- I Q-I over range 200_ 

which now appears to be too large. If one chooses an average of 
the Fe values of the HN03 and ClN03 systems one obtains f:, 
= 0.55 and hence the given k", value. The shape of the fall-off 

curve must remain uncertain unt.il new high presSllre measure­
ments are made. 

400K. 

Reliability 

±0.3 

J. Phys. Chem. Ref. Data, Vol. 11, No.2, 1982 
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Intermediate faIl·off raJl~" 

Rate coefficient dlllil III I /11m 

k(l atm)/cm' molecule-' s" 

Absolute Rate Coefficients 

9XI0- 13 

LOX1O- 12 

Relative Rate Coefficients 

(7.2 ± 1-6) X 10- 13 

Reviews and Evaluations 

L2Xl0- 12 

Comments 

M Temp.lK 

N2 298 
N2 298 

N2 297 

N2 298 

(a) Flash photolysis-resonance fluorescence. Measure­
ments in N2 (5-20 Torr), Ar (20-500 Torr) and He (50-200 
Torr). Data too incomplete to allow for a construction of the fall­
off curve. Value given by combination of these data with results 
from other laboratories. 

(b) Flash photolysis-resonance fluorescence. Measure­
ments in Ar (404-653 Torr, 298-424 K) and SF 6 (98-650 Torr, 
298-424 K). Data too incomplete to C01l5truct fall-off CUlVe~. 

Value given for N2 estimted with the help of Ar:N2:SF6 relative 
efficiencies from the HO + N02 reaction. 

(c) Photolysis ofHONO to generate HO radicals, detection 
by consumption of added C2H4 • Only atmospheric pressure stu­
died. Measured ratio k I k (HO + C2H4) evaluated with 
k(HO + C2H4) = 8XlO- 12 cm3 molecule- 1 

S-I (CODATA 
I:valualiuu). 

(d) Calculated from preferred ko, k eo' and Fe from ref. [2]. 

Preferred Value 

Fe = 0.55 at 298 K. 

Iteference Comments 

Davis, Ravishankara, and Fischer, 1979 [5] (a) 
Harris, Atkinson, and Pitts, 1980 [6] (b) 

Cox and Sheppard, 1980 [7 J (c) 

CODATA, 1980 [2] (d) 

Comments on Preferred Value 

Within the relative large scatter the new data at 1 atm agree 
with the preferred values from ref. [2]. A slightly smaller Fe and 
larger k eo are suggested tentatively. New fall-off measurements 
are needed. 

References 
[I] NASA Ref. PubL 1049, "The Stratosphere: Present and Future," Hudson, 

R. D., and Reed, E. I. editors (1979). 
[2] CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

[3] NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 
Data for Use in Stratospheric Modelling," DeMore, W. B., Stief, L. J., 
Golden, D. M., Hampson, R. F., Jr., Kurylo, M. J., Margitan, J. J., 
Molina. M. J .. Watson. R. T .• JPL Publ. 81-3 (1981). 

[4] Zellner, R., Ber. Bunsenges. Phys. Chern. 82, 1172 (1978). 
(51 Davis, D. D., Ravishankara, A. R., and Fischer, S., Geophys. Res. Lett. 6, 

113 (1979). 
[6] Harris, G. W., Atkinson, R., and Pitts, J. N., Chern. Phys. Lett. 69, 378 

(lY!sU). 

171 Cox, R. A., and Sheppard, D., Nature 284, 330 (1980). 

H02 + SO~Products 
Rate coefficient dntn 

Relative Rate Coefficients 

<;4.3 X 10-17 

Comments 

Temp.lK 

-298 

(a) Fast-flow discharge. H02 generated by discharge in 
H20 2 and by reaction of F atoms with H20 2. [H02] and [HO] 
monitored by laser magnetic resonance to yield k I 
k (HO + H20z). Valueofk Ik (HO + H20 Z) not quoted but from 
their value of k<;;2 X 10- I7 cm3 molecule -1 S-1 and the value 
of k (HO + H20 2) = 8 X 10- 13 cm3 molecule -1 s -I used we 
obtain klk(HO+Hz0 2)<;;2.5X10- 3

• We use 
k (HO + H20 2) = 1.7 X 10- 12 cm3 molecule- I s-I (CODATA 
evaluation). Quoted value of k assigned to H02 + S02 
-->HO + SO, but results suggest other channels are also slow. 

,I. PhV!I. Chorn. Ref. Data, Vol. 11, No.2, 1982 

Reference Comments 

Burrows et aI., 1979 [1] (a) 

Preferred Value 

k<;; 1 X 10- 18 cm3 molecule -1 s -I at 298 K. 

Comments on Preferred Value 

The only recent determination [I} confirms that the reac­
tion is slower than some earlier results [2] suggest and supports 
the even lower limit set by Graham et al. [3], which we take as 
the preferred value. 



KINETIC AND PHOTOCHEMICAL DATA FOR ATMOSPHERIC CHEMISTRY 447 

References 

[1] Burrows,]. P., Cliff, D.I., Harris, G. W., Thrush, B.A., and Wilkinson,J. P. 
T., Prot. R. Soc. London, SeT. A 368, 463 (1979). 

[2] Payne, W. A., Stief, L. J., and Davis, D. D., J. Am. Chern. Soc. 95, 7614 
(1973). 

[3] Graham, R. A., Winer, A. M., Atkinson, R., and Pitts, J. N., Jr., J. Phys. 
Chem. 83, 1563 (1979). 

CH30 2 + 50~CH30 + 503 (1) 
~CH302S02 (2) 

JUO(I) = - 92 kJ mol- I 

Rate coefficient data (k = k 1 + k2) 

Absolute Rate Coefficients 

(8.2 ±0.5)XlO- 15 

<5X 10- 17 

Reviews and Evaluations 

Commwnb 

Temp.!K 

298 
298-423 

298 

(a) Flash photolysis of Clz/CH4 /0z/S0z mixtures in static 
system, single flash. Decay of [CH30 Z) followed by absorption at 
254. nm. Reaction products not identified. Authors rccognisc 

possibility of competitive removal of CH30 Z by reaction pro­
ducts affecting measurement. 

(b) Flash photolysis of flowing Clz/CH4 /0 z/S0z mixtures. 
Low energy multiple flash used to ensure that [CH30 Z) much 
smaller (102_103

) than [S02)' [CH30 zJ monitored by absorption 
at 242.5 nm. 

(c) Accepts [2]. 

Preferred Value 

k<S X 10- 17 cm3 molecule -I ~ -1 At 2QR K_ 

Comments on Preferred Value 

Of the two recent measurements that of [2] was carried out 
under conditions less prone to perturbation by secondary reac-

JHO = - 645 kJ mol-I 

Reference 

Sanhueza, Simonaitis, and Heicklen, 1979 [11 
Sander and Watson, 1981 [2] 

NASA, 1981 [3] 

Comments 

(a) 
(b) 

(c) 

tiona, and the rel5ult il!i in accord with mea:;urementb on the 1102 

radical which also appears to react very slowly with S02 [4), [5]. 
Accordingly [2J is preferred to earlier results [1], [6] which are 
approximately a factor of 100 higher. 

References 
[IJ Sanhueza, S., Simonaitis, R., and Heicklen, J., Int. J. Chern. Kinet.11, 907 

(1979). 
[2] Sander, S. P., and Watson, R. T., Chern. Phys. Lett. 77,473 (1981). 
[3] NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 

Data for Use in Stratospheric Modelling," DeMore, W. B., Stief, L. J., 
Golden, D. M., Hampton, R. F., Jr., Kurylo, M. J., Margitan, J. J., Mo· 
Iina, M. J., and Watson, R. T., JPL Publ. 61-3 (1981). 

14] Burrows, J. P., Cliff, D.I., Harris, G. W., Thrush, B. A., and Wilkinson, J. P. 
J., Proc. R. Soc. London, Ser. A 368, 463 (1979). 

[5] Graham, R. A., Winer, A. M., Atkinson, R., and Pitts, J. N., Jr., J. Phys. 
Chern. 83, 1563 (1979). 

[6] Kan, C. S., McQuigg, R. D., Whitbeck, M. R., and Calvert, 1. G., Int.J. Chern. 
Kinet. 11,921 (1979) .. 

Rate coefficient data 

Absolute Rate Coefficients 

(8.7 ± 1.6) X 10- 14 

Reviews and Evaluations 

2.SX 10- 12 exp( - 1l001T) 

Temp.lK 

298 

220-300 

Reference CornmolllH 

Robertshaw and Smith, 1980 [1] (II) 

CODATA, 1980 [2] (b) 

.-~~~~~-.------ .. -~~~---------
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Cgmments 

(a) Pulsed laser photolysis of 0 3 in presence of OCS and 
large excess of N2. SO generated by 0 + OC5----+S0 -l- CO. For­
mation of S02 followed by detection of chemiluminescence of 
electronically excited S02' 

(b) Accepts value of [3]. 

Preferred Values 

k 7.9XlO- 14 cm3 molecule"I S-I at 298 K. 
k 3.2XlO- 12 exp( 1100IT) cm3 molecule- l s- 1 

over range 220-300 K. 

Reliability 

..::1 log k = ± 0.2 at 298 K. 

..::1 (E 1 R ) = ± 400 K. 

..::1HQ 245 kJ mol-I 

Comments 011 f>reprred Values 

The recent study [1], using a quite different technique from 
the only other measurement [3], gives a value of k in good agree­
ment with the previous study. The recommended value at 298 K 
is the mean of [1] and [3]. The temperature coefficient is that of 
[3] and the pre-exponential factor is chosen to fit the value of kat 
298 K. 

References 
[1] Robertshaw,J. S .• and Smith, I. W. M., Int. J. Chern. Kinet. 12,729(1980). 
(2] CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox. R. A., 

Hampson. R. F .. Jr .. Knr. I. A .. Tr()p, J., "n~ W"<nn. R T, J Phy. 

Chern. Ref. Data 9, 295 (1980) . 
(3] Halstead, C. J., and Thrush, B. A., Proc. R. Soc. London, Ser. A 295, 380 

(1966) . 

Hate coefficient data 

k I em' molecule -I s 1 

Absolute Rate Coefficients 

(1.:3 ± O.lO»<; 10-" 

Reviews and Evaluations 

1.4XlO- 11 

Temp.lK 

295 

298 

Reference Comments 

Clyne and Mact\obert, 1980 [IJ (a) 

CODATA, 1980 [2] (b) 

----- ---- . __ .- --~ -------------------------------------

Comments 

(a) Fast-How discharge study. SO from discharge in 5021 
He mixtures, 0 and S produced was preferentially removed by 
combination reactions leaving SO. [SO], in large excess of N02 , 

monitored by mass spectrometry. 
(b) Evaluation. Accepts value of [3]. 

Preferred Value 

k = l.4X 10- 11 cm3 molecule-I S-I at 298 K. 

Reliability 

..::1 log k = ± 0.2 at 298 K. 

Comments on Preferred Value 

The recent measurement of k [1] is in excellent agreement 
with the previous CODATA recommendation [2]. The new de­
termination was by a more direct method and is likely to be more 

reliable than the earlier measurements [3] and hence the pre­
viously recommended error limits are reduced. 

References 
[1] Clyne, M. A. A .• and MacRobert. A. J.. Int. J. Chern. Kinet. 12.79 (1980). 
l2] CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox. R. A., 

Hampson. R. r .. Jr., Kerr, 1. A., Troe, J .• and Watson. R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

[3] Clyne, M. A. A" Halstead, C. J" and Thrush. B. A .• Proc. R. Soc. London . 
Ser. A 295. 355 (1966). 

Primary photochemical transitions 

Reaction 

CS, + Itv--->CS + S(,P) 
~CS _S('l)) 

.I. "!lYH. Chern. Rof. Data, Vol. 11, No.2, 1982 

LlHoo/kJ mol- I 

426 
537 

281 
223 
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Preferred Values 

Absorption cross sections 

295 9.6 
305 4ll.1 

315 71.7 
325 48.2 
335 5.3 
34:; ?6 
355 0.51 

Comments on Preferrd Values 

The absorption spectrum of CS2 at wavelengths greater 
than 200 nm consists of two strongly structured bands (190-
220 nm and 290-350 nm), the former having absorption cross­
sections approximately (5-10) X 103 times the latter. The values 

tabulated were supplied by Dr. R. A. Cox, A. E. R. E., Harwell, 
U.K. More detailed measurements have been published but not 
in a form lending itself to tabulation [1]. These recommenda­
tions are unchanged from those given in the previous evalua­
tion, CODATA, 1980 [2]. 

Photoly.,i" <It w<lvf'lf'ngth~ > ?30 nm "ppears only to pro­

duce electronically excited CS2 molecules. At A < 220 nrn for­
mation of Sep) is observed (3) but not Se D). No quantum yield 
measurements have been reported. 

R.f.renees 
{lj Rabelais, J. W., McDonald, 1. M. Scheu, V., and McGlynn, S. I'., Chem. Rev. 

71,73 (1971). 
[2] CODATA Task Group on Chemical Kinetics, Baulch, D. L. Cox, R. A., 

Hampson, R. F., Jr., Kerr, 1. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

[3] Cailear, A. B., Proc. R. Soc. London, Ser. A 276, 401 (1963). 

CH3SSCH3 + hv--+Products 

Reaction 

CH,SSf:H, ..... f:H,SS + r:H, 
-2CH3S 

• Data for 298 K quoted since 00 data available for 0 K. 

Wavelength range/nm 

200-310 

Comments 

Primary pil<)tQchemionl tT(1nl,1.itiono 

242 

309 

AL~Ul]JLjun (;.ru~:s ~ec.;tioJl Jata 

Reference 

Calvert and Pitts, 1966 [1] 

Comments on Preferred Values 

49~ 

387 

Comments 

(a) 

(a) Results of McMillan, V., reported in [1]. Temperature 
298 K. Continuum, no sign of structure in published spectrum. The only available data are in the form of a spectrum pub. 

lished in [1]. The cross sections quoted are taken from that 
figure but in view of this and lack of experimental details no 
error limits are suggested. There have been no quantum yield 
measurements and the primary photolytic pathways have not 
been identified. 

Quantum Yield Data 

No data available. 

A/om 

200 
210 
220 
230 
240 
250 

Preferred Values 
Absorption cross sections 

1300 
530 
130 
80 

100 
120 

..l./nm 

260 
270 
280 
290 
300 
310 

}020a/cm' 

100 
80 
50 
30 
15 
6 

References 
fJ] Calvert, J. G., and Pitts, J. N.,Jr., "Photochemistry," (Wiley), 1966, p. 490. 
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Reaction 

OCS + h" ..... CO + Sep) (1) 
__ co + 5('D) (2) 

Wavelength range/nm 

186-226 

Comments 

BAULCH ET AL. 

OCS + hv--+Products 
Primary photochemical transitions 

303 
414 

Absorption cross section data 

Reference 

Chou, Vera-Ruiz, and Rowland, 1979 [1] 

Comments on Preferred Values 

394 
21:l1:l 

Comments 

(a) 

(a) Temperatures, 232, 252, 296 K. Results quoted in 
NASA Panel review [1] but original work does not seem to have 
been published. 

There is good agreement between the recent measurements 
[1] and the values given in [2] for the region of overlap (205-225 
nm at 296 K). The preferred values are based on those two sets 
of data. Values in the range 185-225 nm are obtained by linear 
interpolation between values tabulated in [1]. Values in the 
range 230-255 nm are taken from [3]. 

~rnp/K I 
A/nm .~, 

185 
190 
195 

200 
205 
210 
215 
220 
225 
230 
235 
240 
245 
250 
255 

Preferred Values 

Absorption cross sections 

2<52 

12.1 
1.8 
1.2 
3.2 
7.0 

13.1 
21.3 
26.2 
28.0 

251 

12.8 
2.2 
1.5 

3.4 
7.2 

13.2 
21.5 
26.1 
28.6 

,J, "hy., Cham. Ref. Data, Vol. 1,1, NO.2, 1982 

296 

16.0 
3.0 
1.1 

3.2 
7.2 

13.2 
21.8 
26.2 
29.2 
24.6 
15.9 
8.8 
4.1 
1.84 
0.78 

References 
11J I.;hou, 1.;. C., Vera·Ruiz, H., and Rowland, F. S., unpublished results quoted 

in NASA Ref. Pub!. 1049, "The Stratosphere: Present and Future," 
Hudson, R. D., and Reed, E. I., editors (1979), 

[2) CODATA Task Group on Chemical Kinetics, Baulch, D, L., Cox, R. A., 
Hamp30n, R. F., Jr., Kerr, J. A., Troc, J., and Wo:bon, R. T., J. Phyo. 
Chern. Ref. Data 9, 295 (1980). 

l3l Breckenridge, W. H., and Taube, R., J. Chem. Ph)'~. 53, 175.0 (1970). 
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5.6. Fluorine Compounds 

F+H~HF+H 
J1HO = - 134.8 kJ mol-I 

Rate coefficient data 

Rate Coefficients 

3.6XlO-·oeXp( 775fT) 

2.75X 10- 11 

2.7X 10- 10 exp( - 599fT) 
3.5XlO- 11 

J.RX 10- 10 "yp( 52RIT) 
3.0XlO- 1I 

(3.0 ± 0.5) X 10- 11 

(3.0 ± 0.5)X 10- 11 

(2.2 ± 0.4)X 10- 10 exp( - (595 ± 50)fT) 
(3.0 ± 0.5) X 10- 11 

1.0 X 10 - 10 exp( (433 ± 50}f T) 
(2.27 ± 0.18)XO- 11 

Rcvicw.a and EVAluation.., 

2.0X 10- 10 exp( - 620fT) 
2.0X 10- 10 exp( 620fT) 
2.0XlO- IO exp( - 620fT) 

Comments 

Temp.lK 

298-400 

295 
250-375 
295 
960_370 

295 
293 
295 
295-765 
295 
190-373 
296 

200-400 
200-400 
200-400 

(a) The:;e valut:::I wt:u:: l"t:t:ah:ulalt:u fcum the original data by 
Warnatz et al. [2]. 

(b) No experimental details as the report was unobtainable. 
(c) Chain reaction between CIF and H2 initiated by uv light 

(250-320 nm). kl determined by monitoring the rate of change 
of CIF spectrophotometrically when [ClF]o> [H2]o' 

(d) Atomic fluorine generated from the infra-red multipho­
lUll tli,.",udatiun of SF 6' The reaction monitored by means of the 
time-resolved infra-red emission from HF* . 

(e) Based on the data reported by Homann et aI., 1970 [1] 
(uncorrected), Dodonov et aI., 1971 n01, Clyne etal..1973 [11]. 
Bozzelli, 1973 [12], and Igoshin et aI., 1974 [13]. 

Preferred Values 

k = 2.8 X 10- 11 cm3 molecule -I s -I at 298 K. 
k = 1.9 X 10- 10 exp( - 570fT) cm3 molecule-I S-I 

over range 190-770 K. 

Reliability 

J1log k = ± 0.1 at 298 K. 
J1 (E f R ) = ± 150 K. 

Comments on Preferred Values 

The value of k at 298 K seems to be wen established with 
the results reported by Homann et al. [1], Warnatz et al. [2], 
Zhitneva and Pshezheskii [3], Heidner et al. [4J, Wurzberg and 
Houston. [5}, Dodonov et al. [1O}, Clyne et al. [11], Bozzelli [12J 
and Igoshin et al. [13}, being in excellent agreement (range of k 
being 2.3-3.3 X 10- 11 cm3 molecule -1 s -I). The preferred 
value at 298 K is taken to be the mean of the values reported in 

Reference 

Homannetal.,1970[1J 

Warnatz, Wagner, and Zetzsch, 1972 [2] 

Zhitneva and Pshezhetskii, 1978 (3] 
Heidner et al., 1979 [4) 
Heidner et aI., 1980 [5] 

Wunberg and Houston, 1980 [6] 

NASA, 1979 [7] 
CODATA, 1980 [8] 
NASA, 1981 [9] 

Comments 

(a) 

(b) 

(e) 
(d) 
(d) 

(d) 

(e) 
(e) 
(e) 

these references. The magnitude of the temperature dependence 
is not quite as well e$tablished with values of E / R ranging from 

433-775 K (references [1], [2], [5], [6], [13]). The preferred 
value of E f R is taken to be the mean of the results from all of the 
studies. TheA factor was calculated bytakingE / R to be 570 K, 
and kat 298 K to be 2.8X 10-11 cm3 molecule-I 5- 1• 

References 

[1] Homann, K. H., Solomon, W. E., Wamatz,J., Wagner, H. Gg., andZetzsch, 
Co, Ber. Bunsenges. Phys. Chem. 74. 585 (1970). 

[2] Warnatz, J., Wagner, H. Gg., and Zetzsch, C., Report T"()240f924101 
01017, Fraunhofer Gesellschaft, (1972). 

[3) Zhitneva, G. P., and Pshezhetskii, S. Ya., Kinetika i Kataliz 19, 296 
(1978). 

(4) Heidner, R. F., III., Bott, J. F., Gardner, C. E., and Melzer, J. E., J. Chem. 
Phys. 70. 4509 (1979). 

[5) Heidner, R. F., III., Bott, J. F., Gardner, C. E., and Melzer, J. E., J. Chem. 
Phys. 72. 4815 (1980). 

[6] Wurzberg, E., and Houston, P. L., J. Chern. Phys. 72, 4811 (1980). 
[7] NASA Ref. Publ. 1049, "The Stratosphere: Present and Future," Chapter 

1, R. D, Hudson and E. R. Reed, editors (1979). 
[8J CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hampson, R. F., Jr., Kerr, J. A., Troe, Jo, and Watson. R. T .. J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

[9) NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 
Data for Use in Stratospheric Modelling," W. B. DeMore, L. J. Stief, D. 
M. Golden, R. F. Hampson, M. J. Kurylo, J. J. Margitan, M. J. Molina, 
and R. T. Watson, JPL Pub). 61-3 (1981). 

[lOJ Dodonov, A. F., Lavrovskaya, G. K., Morozov, I. I., and Tal'Roze, V. L., 
DokJ. Akad. Nauk. USSR 198,622 (1971); Dol<.l. Phys. Chem. (Engl. 
Trans.) 198,440 (1971). 

(II] Clyne, M. A. A., McKenney, D. J., and Walker, R. F., Can. J. Chern. 51, 
3596 (1973). 

[12] Bozzelli, J. Thesis, Dept. of Chemistry, Princeton University, Diss. Abstr. 
Int. B 34 (2),608 (1973). 

[13] Igoshin, V.I., Kulakov, L. V., and Nikitin, A.i., Sov.J. Quantum Electron. 
3, :"106 (1974). 
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.1HO = - 29 kJ mo}-I 

Low pressure rate coefficients 

Rate coefficient data 

kol cm3 molecule I s I 

Absolute Rate Coefficients 

(2;8 ± O.8)x 10-34 exp(906/Tl fAr] 
6.1 X 10-33 

Reviews and Evaluations 

Comments 

Temp.lK 

223_293 
293 

?70_!l60 

(a) Discharge flow-ESR detection of atomic fluorine in the 
presence of excess O2 and Ar. Limited experimental conditions, 
e.g. [02] only varied by a factor of 2, and total pressure was 
fixed. The third order rate constant reported for Ar as the di· 
luent gas may be somewhat overestimated as the O2 ranged from 
-12-25% of the total pressure. Stoichiometry assumed to be 2, 
i.e., - d [F]dt 2k [F][02J[M] due to secondary removal of 
atomic fluorine by the primary product F02• 

(b) Based on experimental data (both He and N2 data) re­
ported by Zetzsch, 1973 r31. Arutyunov et al.. 1976 [4) :lnn 

Chen et aI., 1977 [5]. 

Preferred Values 

ko = 1.6 X 10-32 [N2J cm3 molecule-I S-I at 298 K. 
ko = 1.6Xl0-32(TI300)-2.5 [N21 cm3 molecule- 1 s-1 

over range 223-360 K. 

Reliability 

.1ko = ± 0.3 at 298 K. 

.1n = ± l.0. 

Comments on Preferred Values 

The preferred value at 298 K is based upon the following 
factors: (a) the average of the three determinations of 
ko(M =. He) reported by Zetz;;~h [::\1, Arntynnov et aL {4) and 
Chen et aI., [5]; (b) the average of the three determinations of 

ko(M = Ar) reported by Arutyunov et al. [4l, Chen et aI., [5] and 
Shamonima and Kotov [1]; (c) the relative efficiencies ofNz: He 
and N2 : Ar reported by Arutyunov et al. [4J. The temperature 
dependence of ko has not been determined for M = N2, there-

J. PhYl1. Chern. Ref. Data, Vol.11, No. 2,1982 

Reference Comments 

Shamoni",,, and KQ\"v, 1979 [lJ (a) 

CODATA, 1980 (2) (b) 

fore, the value of n is an average of that determined for M = He 
(n~2) and that determined for M = Ar (n~3). 

High Pressure Rate Coefficients 

No experimental data available. A value of k '" 
= 3 X 10- 11 cm3 molecule -1 s -I is estimated as calculated 

for F 1- NO + M--..FNO + M [6]. Thi~ givt~~ [N2Jc ~2.7 X 1071 

molecule em -3 at 300 K. 

Preferred Value 

k", = 3 X 10- 11 cm3 molecule -1 s -( over range 200-

400K. 

H etiability 

.1 log k = ± 0.5 over range 200-400 K. 

Comments on Pre/erred Value 

Rough estimate indicating fall·off effects only to occur in 
the 10-100 atm range . 

References 
[lJ Shamonima,~. F., and Kotov, A. G., Kinetika i Kataliz 20,233 (1979). 
[2J CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hampson, R. F., Jr., Kerr,]. A., Troe,]., Watson, R. T., J. Phys. Chern. 
Ref. Data 9, 295 (1980). 

[31 Ze19ch, C., First Europ. 5ym. on Combust. led. Weinberg, I'. S., Academic 
Press, London) p. 35 (1973)., 

(4) Arutyunov, V. 5., Popov, L. S .• and Chaikin, A. M., Kinet. Katal. 17,286 
(1976) (Russ.); p. 251 (1976) (Engl.). 

[5] Ch~n, H, L, Trainor, D. W., Center, R. E., and Fyfe, W. I., J. Chcm. Ph,.3. 

66,5513 (1977). 
[6) Quack, M., and Troe, J., Ber. Bunsenges. Phys. Chern. 81, 329 (1977). 



KINETIC AND PHOTOCHEMICAL DATA FOR ATMOSPHERIC CHEMISTRY 453 

FO + NO~F + N02 

ilHO = - 239 kJ mol-I 

Rate coefficient data 

Absolute Rate Coefficients 

(2.6 ± ().5)Xl()-1I 

Reviews and Evaluations 

2.0XlO- 11 

2.0XlO- ll 

2.6XlO- ll 

Comments 

Temp.lK 

298 

298 
298 
298 

(a) Discharge flow: mass spectrometric detection of Fa. 
Psuedo-first order conditions, [NOlo> [FOlo' 

(b) Estimated. 
(c) Based on r ... ference {I). 

Preferred Value 

k = 2.6X10- 1t cm3 molecule- 1 S-1 at 298 K. 

Reliability 

il logk = ± 0.3 at 298 K. 

Reference 

Ray and Watson, 1981 (1] 

NASA,1979[2] 
CODATA, 1980 (3] 
NASA, 1981 [4] 

Comments on Preferred Value 

Comments 

(a) 

(b) 
(b) 
(c) 

The temperature dependence of k is expected to be small 
for such a radical-radical reaction. The temperature depen­
dences of k for the analogous CIa and BrO reactions have been 
reported to be negative with E / R values of - 294 K and 
- 260 K, respectively (CODATA preferred values) .. 

References 
[lJ Ray, C. W., and Watson, R. T., J. Phys. Chern. 85, 2955 (1981). 
[2J NASA Ref. Pub!. 1049, "The Stratosphere: Prescnt and Future," Chapter 1, 

H. D. Hudson and E. R. Reed, editors (1979). 
[3] CODATA 1'0.301, Group on Chemical Kineth;..:!I, Baulc.h, D. L., eVA, R. A., 

Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chem. Ref. Data 9, 295 (1980)., 

[4J NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical and 
Data for Use in Stratospheric Modelling," W. B. DeMore. L. j. Sti~f, D. 
M. Golden, R. F. Hampson, M.J. Kurylo,].]. Mrgitan, M. J. Molina, R. 
T. Watson, JPL Publ. 81-3 (1981). 

HF + hv~products 
Primary photochemical transitions 

Reaction A rhr('lIhlllrt I nm 
-----------------------,----_.---. ---------------
HF + hv-..H + F 566.57 211 

References HF is optically transparent within the wavelength region of 
intere6t i~ lltb n'vi~w, i.~., It.:> 165 nm. :3afary et aL [1] ob­
served the onset of a weak absorption continuum at 161.3 nm 
where the absorption cross section had a value of -1.5 X 10 - 22 

cm2 molecule -1. 

(I] Safary, t;., I1omand, J., and Vodar, B., J. Chern. Phys. i9, "'Pi (11):'1). 

R&:a.ction 

COF2 + hv-+CQ + F2 
...,.COF+ F 
--..CO+2F 
-..CF2 + Oep) 

(1) 

(2) 
(3) 

(4) 

COF2 + hv~products 
Primary photochemical transitions 

518 
539 
67') 

697 

2:JI 
222 
173 

172 

J. Phys. Chern. Ref. Data, Vol. 11, No.2, 1982 
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Preferred Values 

Absorption cross sections for COF 2 photolysis at 298 K 

). (nm) 102°q/cm2 ,i(nm) 102°q/cm' 

184.9 4.7 205.1 
186.0 5.5 207.3 
187.8 5.2 209.4 
189.6 4.5 211.6 
191.4 3.3 213.9 
193.2 3.3 216.2 
195.1 2.8 218.6 
197.0 2.3 221.0 
199.0 1.9 223.5 
201.0 1.4 226.0 
203.0 1.1 

Quantum yields for COF2 photolysis at 298 K. 
No recommendation. 

0.86 
0.65 
0.48 
0.36 
0.26 
0.21 
0.15 
0.12 
0.10 
0.08 

Comments on Priferred Values 

The preferred values of the absorption cross sections are 
those of Chou et a1. [1], and by analogy with COCl2 photolysis 
process (2) would be expected to be the primary photolytic pro· 
cess within the wavelength region of interest, 185 nm<..t<226 
nm. These recommendations are unchanged from those given in 
the previous evaluation, CODATA, 1980 [2] where detailed dis· 
cussion can be found. 

R.f.r.ncea 
[1] Chou, C. C., Crescentini, G., Vera-Ruiz, H., Smith, W. S., and Rowland, F. 

S., Presented at the 173rd American Chemical Society National Meet· 
ing, New Orleans, March 1977. 

(2) CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 
Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

FON02 + hv--.products 
PrimAry photochemitAl ht1u~iliulI~ 

Reaction 

FONO. + hv ..... FO + NO. 
-+F+N03 

...... FONO+Oep) 

...... FONO + OeD) 

(1) 

(2) 

(3) 
(4) 

182 
140 
306 
496 

906 
854 
391 
241 

Note: iJH' 298 values are given since the heat of formation of FONO at 0 K is not known. No experimental data are available for either the absorption cross sections or 
quantum yields for photodissociation of fluorine nitrate. 

Preferred Valullt. 

No preferred values can be given in the absence of experi­
mental data. In all probability, the absorptiol). cross sections will 
be significantly lower than thosc of CIONOz, resulting in low 
atmospheric] values. 

5.7. Chlorine Compounds. 

o + HOCI~HO + CIO 
.aHO 30 kJ mol- 1 

Rate Coefficient Data: no experimental data available. 

Preferred Values 

k = 6X 10- 15 cm3 molecule- I S-I at 298 K. 
k = 1 X 10- 11 exp( - 22001Tlcm' moleclIlp'- 1 ~-I OVP.T 

range 200-300 K. 

Reliability 

.a log k = ± 1.0 at 298 K . 

.a (E / R ) = ± 1000 K. 

J. Phy •. Chem. Ref. Data, Vol. 11, No.2, 1982 

Comments on Priferred Values 

There are no experimental data. This is an estimated val 
based on rates of O-atom reactions with similar compounds, e.g., 
HZ0 2 (CODATA evaluation). 
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O{1 D) + CF2CI~CIO + CF2CI (1) 

LlHO(I) = - 112.2 kJ mol- J 

.::1HO(2) = 189.7 kJ mol- J 

LlHO(3) = 580.3 kJ mol-I 

LlHO(4) = 425 kJ mul- 1 

__ O{3P) + CF2CI2 (2) 

--COF2 + CI2 (3) 
__ COFCI + FCI (4) 

Rate coefficient data (k = k1 + k. + k3 + k.) 

k I cm3 molecule ! S-I 

Absolute Rate Coefficients 

(1.4 ± 0.2) X 10- 10 

Ratios 

k/k>0.47 
k1/k=O.55 ±0.15 
k,J Ie = o~~m ± o~ 1 0 

k,l k = 0.14 ± 0.07 

Reviews and Evaluations 

1.4.)(10- 10 

2.8X1O- 10 

1.4 X 10- 10 

Temp.lK 

298 

298 
298 
298 
295 

298 
298 
298 

Comments 

(a) Laser flash photolysis of 0 3 at 248 nm. The time re­
solved production of Oep) monitored by resonance absorption 
via the 3 3S12 3pJ triplet at 130.2-130.6 nm. 

(b) Flash photolysis: plate photometric detection (ultravio­
let absorption) of CIO and 0 3,..1 [CIO]produced / Ll [03]removed moni­
tored. ThIS value is a lower hmlt as.a [CIO] may have been un­
derestimated due to removal by any Oep) formed in reaction (2). 

(c) Flash photolysis. Plate photometric detection of CIO, 
Hml TP'''nnHnM J'lh>;orption dp.tp.r.t.ion of Oep) at -130 nm. Cor­
rections required for CIO formation via possible secondary reac· 
tions such as CF2CI + 03~CIO + CF20 2• Channels (1) and (2) 
have been shown to be the dominant, but not necessarily exclu­
sive, pathways. 

(d) The rate constant for the quenching channel, k2' was 
determined to be (0.2 ± O.l)X 10- 10 cm3 molecule- I S-I. 
The overall rate constant for the reactive removal of 
OID(k l + k3 + k4) = (1.2 ± 0.2) X 10-10 cm3 mole. 
cule- I S-I. 

(e) Based on Davidson et aI., 1978 [7]. 
(f) Based on Fletcher and Husain, 1976 [8], Davidson et 

aI., 1978 [7], layanty et aI., 1975 [9], Atkinson eta!., 1976 [10], 
and Green and Wayne, 1977 [11]. 

Preferred Values 

k = 1.4X 10- 10 cm3 molecule-I 5- 1 at 298 K. 
kzl k = 0.15 at 298 K. 

Reliability 

Lllog k = ± 0.1 at 298 K. 
J (k2Ik) = ± 0.1 at 298 K. 

Reference Comments 

Force and Wiesenfeld, 1981 [1] (a) 

Gillespie, Garraway, and Donovan, 1977 [2J (b) 
Addison, Donovan, and Garraway, 1981 [3] (c) 

Force and Wiesenfeld, 1981 [1] (a,d) 

NASA, 1979 f41 (e) 
CODATA, 1980 [5] (il 
NASA, 1981 [61 (e) 

Comments on Preferred Values 

Based on Force and Wiesenfeld [I] and Davidson et a!. [7], 
the results of which are in excellent agreement. This is consis­
tent with the recent data [12-14] on the reactions of O('D) with 
atmospheric gases (Nz, O2, N20, CO2, etc.) which have support· 
ed the results from the NOAA Laboratories in preference to the 

results from the Cambridge Laboratory (Fletcher and Husain 
[8]). The results from the relative rate coefficient studies [9-11] 
were not considered in this evaluation. However, combining the 
values of k / k (OlD + N20) reported in references [9} and [11] 
with the CODATA preferred value for k (OlD + N20), i_e. 
1.2 X 10 ~ 10 cm3 molecule -I s -1, yields values of k in excellent 

agreement with the preferred value. Both Addison et al. [3] and 
Force and Wiesenfeld [I] report that the quenching channel (2) 
is a significant removal pathway for O(,D). Consequently pre­
ferred values are given for both the overall rate constant, k, and 
for the branching ratio kz/ k .. 

Reference:; 
[1] Force, A. P., and Wiesenfeld, J. R., 1. Phys. Chern. 85. 782 (l98J). 
[2] Gillespie, H. M., Garraway, 1., and Donovan,l!. J., J. Pholochcmi,lry 7.29 

(1977). 
[3] Addi.on. Me. r. .. TAWAY. L. And oonnvan. n . .I .• Manuhcripl in I"cpr .. · •. 

lion (1981). 
[4] NASA Ref. PubJ. 1049, "The Stratosphere: Pre.""t IIlId Fullln:," CIIII!,"" 

1, R. D. Hudson and E. I. Heed, "di!o" (1'>79). 
[51 CODATA Task Group on Chemicnl KinNi" ... Bnllldl, fl. 1... Cox, H. A., 

Hampson, H. F., Jr., Kerr, J. A .. Trot, J .• nnd \Vnl"oll. H. T .. J. I'hyo. 
Chern. Hef. D8ta 9, 295 (I9BO). 

[6] NASA Panel for O.t. EVlllu.1i"n. "Ch"l11i",,1 Ki,,,,ti,, nnd Photo<:hemical 
D81. for U.c in Slrut",),I",ri<: Modellin~," W. n. DeMore. 1.. J. Stief. D. 

M. Golden, H. F. HIlIllI'>""' M. J. Kurylo. J. J. Mar!;itnn, M. J. Molina, 
und H. T. WIlt.O". Jl'l.l'uhl. BI-il (1981). 
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[7] Davidson, I. A., Shiff, H. I., Brown, T.1., and Howard, C.J.,J. Chern. Phys. 
69,4277 (1978). 

[OJ FJeld.e., I. S., ,,1111 Hu.ain, D., J. f'hys. Chern. 80, 1837 (1976). 
[9) layanty, R. K. M., Simonatis, R., and Heicklen, J., 1. Photochemistry 4, 

381 (1975). 
[10] Atkinson, R., Breuer, G. M., Pitts, J. N., Jr., and Sandoval, H. L., J. 

Geophvs. Res. 81.5765 (1976). 

[IlJ Green, R. G., and Wayne, R. P., J. Photochem. 6, 371 (1977). 
[l2] Amimoto, S. T., Force, A. P., Gulotty, R. G., Jr., and Wiesenfeld, J. R., J. 

Chern. Phys. 71, 3040 (1979). 
[13J Brock, J., and Watson, R. T., Reported at the NATO Advanced Study 

Institute on Atmospheric O~one, Protugal (1979). See Moortgafs review 
paper, Report No. FAA-EE-80·20 (1980). 

[14] Wine. P. H., And R"vi.h.nb.ll, A. R., f:hem. Phy •. T...tL "t"t, HIR (HI8\) .. 

O(1D) + CFCI3~CIO + CFCI2 (1) 

LlRO(l) = - 14.R k] mol- I 

A.H"(2) = - 189.4 kJ mol- 1 

A.HO(3) = - 581 kJ mol- I 

AHO(4) = - 424.8 kJ mol- 1 

~O(3P) + CFCI3 (2) 

~COFCI + C'2 (3) 
~COCI2 + FCI (4) 

Rate coefficient data (k = k 1 + k2 + k3 + k4 ) 

k lem3 molecule-I 5- ' 

Absolute Rate Coefficients 

(2.4 ± 0.2)X 10- 10 

Branching Ratios 

k,lk">0.39 
k,lk = 0.6 ± 0.15 
k21k = 0.25 ± 0.10 
k21 k = 0.13 ± 0.04 

Reviews and Evaluations 

2.2XlO- 1O 

3.5XlO-'o 

2.2X10- 10 

TempJK 

295 

298 
298 
298 
295 

298 
298 
298 

Comments 

(a) Laser flash photolysis of 0 3 at 248 nm. The time re­
solved production of Oep) monitored by resonance absorption 
via the 33S 1 - 23p, triplet at 130.2-130.6 nm. 

(b) Flash photolysis plate photometric detection (ultravio­
let absorption) ofClO and 03'A. [CIO]pTOduced I A. [03Jremoved moni­
tored. This value is a lower limit as A. [ClO] may have been un­
derestimated due to removal by any Oep) formed in reaction (2). 

(c) Flash photolysis. Plate photometric detection of CI0, 
anrl resonance IIbsorption detection of Oep) at -130 nm. Cor-

. rections required for CIO formation via possible secondary reac­
tions such as CFCI2 + 03-CIO + CFCI02• Channels (I) and 
(2) have been shown to be the dominant, but not necessarily 
exclusive, pathways. 

(d) The quenching rate constant, k2' was determined to be 
(0.3 ± 0.1) X 10- 10 cm3 molecule -I s -I. The overall rate con­
stant for the reactive removal of 01D(k 1 + k3 + k4 ) 

= (2.1 ± 0.1) X 10- 10 cm3 molecule -I s -I. 

(e) Based on Davidson et aI., 1978 [7J. 
(f) Based on Fletcher and Husain, 1976 (8), Davidson et 

aI., 1978 [7J, Jayanty et aI., 1975 [9], and Atkinson et aI., 1976 
[10]. 

J; Phya. Chern. Ref. Data, Vol. 11, No.2, 1982 

Reference Comments 

Force and Wiesenfeld, 1981 [1] (a) 

Gillespie, Garraway, and Donovan, 1977 [2] (b) 

Addision, Donovan, and Garraway, 1981 [3] (c) 

Force and Wieseofeld, 1981 [1] (a,d) 

NASA, 1979 [4] (e) 
CODATA, 1980 [5) (f) 

~ASA. 1981 [6] (e) 

Preferred Values 

k = 2,3 X 10 -10 cm3 molecule -I s -I at 298 K. 
k2/ k = 0.16 at 298 K. 

Reliability 

A. log k = ± 0.1 at 298 K. 
.d (k2/k) = ± 0.1 at 298 K. 

Comments on Priferred Values 

Based on Force and Wiesenfeld (1] and Davidson et al. [7], 
the results of which are in excellent agreement. This is consis­
tent with the recent data tll-13j on the reactions of 0 ID wit~ 
atmospheric gases (N2, O2, N20, CO2, etc.) which have support­
ed the results from the NOAA Laboratories in preference to the 
results from the Cambridge Laboratory. The results from the 
relative rate coefficient studies [9J and [10] were not considered 
in this evaluation. However, combining the values of k / 
k (OlD + N20) reported in references [9J and [10) with the CO­
DATA preferred value for k(0ID+N20), i.e. 1.2X10- 10 

cm3 molecule -I s -I. yields values which are - 25% smaller 
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and greater, respectively, than the preferred value. Both Ad­
dison et a1. [3J and Force and Wiesenfeld [1] report that the 
(I'H~nching channAI (2) i~ II ~ignificant rAmonl pathway for 

OeD). Consequently preferred values are given for both the 
overall rate constant, k, and for the branching ratio k21 k. 

References 
[1] Force, A. P., and Wiesenfeld, J. R., J. Phys. Chern. 85, 782 (1981). 
[2J Gillespie, H. M., Garraway, J., and Donovan, R. J., J. Photochem. 7. 29 

(1977). 
[3] Addision, M. c., Garraway, J., and Donovan, R. J., Manuscript in prepara· 

tion (1981). 
[4) NASA Ref. PubL 1049. "The Strat~sphere: Present amI Futmp.." C.h'pter 

I, R. D. Hudson and E. L Reed, editors (1979). 
[51 CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hampson, R. F., Jr., Kerr, J. A., Troc, J., and Watson, R. T., J. Phys. 
Chem. Ref. Data 9, 295 (1980). 

[6] NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 
J)~td fm U~C; ill Shatv;)phcdc MvJeliiuo'" W. D. Dt:Mvlt:'~ L. J. Stief, D. 
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and R. T. Watson, JPL. Pub!. !l1-3 (1981). 

[7J Davidson, J. A .• Schiff, H. T., Brown, T. J., and Howard, C. J., 1. Chern. 
Phys. 69, 4277 (1978). 

[8] Fletcher, I. 5., and Husain, D., J. Phys. CheRl. 80, 1837 (1976). 
[9] Jayanty, R. K. M., Simonaitis, R., and Heickten, J., J. Photochem. 4, 381 

(1975). 
[1 OJ Atkinson, R., Breuer, G., Pitts, J. N., Jr., and Sandoval, H. L, J. Geophys. 
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[lll Amimoto, S. T., Force, A. p" Gulotty, R. G .. Jr" and Wiesenfeld, J. R., J. 
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1121 Brock, J., and Watson, R. T., Reported at the :'<ATO Advanced Study 
Institute on Atmospheric Ozone. Portugal (19i9). See Moortgat's review 
paper Report No. FAA-EE·80.20 (1980). 
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0(10) -I-- CCI4--->-CIO + CCI3 (1) 

L1H°(l) = - 161 kJ mol- 1 

L1W(2) = - 189.7 kJ mol-' 

L18"(3) = 563.2 kJ mol-' 

k fcrn] molecule- IS· [ 

Absolute Rate Coefficients 

(3.5 ± 0.3) X 10.- 10 

Branching Hatios 

k2/ k = 0.14 ::: 0.06 

Reviews and Evaluations 

4.8X 10-' 10 

Comments 

Temp./K 

295 

295 

298 

(a) Laser flash photolysis of 0 3 at 248 nm. The time pro­
duction of Oep) monitored by resonance absorption 33S J-23PJ 

triplet at 130.2-130.6 nm. 
(b) The quenching rate constant, k2, was determined to be 

(0.49±O.2)X10- JO cm3 molecule-'s-[. The overall rate 
constant for the reactive removal of oj D(k, + k3) 
= (3.0 ± 0.2)X10- 10 cm3 molecule- 1 S-I. 

(c) Based on Fletcher and Husain, 1976 [3), Davidson et 
aI., 1978 [4J, and layanty et aI., 1975 [5J. 

Preferrtld Vglut::; 

k = 3.3 X 10- 10 em3 molecule -1 s'- j at 298 K. 
k2/k = 0.14 at 298 K. 

Reliability 

L1logk = ± 0.1 at 298 K. 
L1 (kzlk) = ± 0.1 at 298 K. 

--->-O(3P) + CCI4 (2) 

--->-COCla + Cia (3) 

Reference Comments 

I--"n'v alld W'(',enfeld. 1981 {I] (a) 

Forn' alld \\,j'·"·lIfel<1. 1981 [1] (a,b) 

CO II 1\'1',\ , 1')1\0121 (c) 

-------------. 

I \"",.<1 "II I""",·" <I lid Wi,,~"nfdd r I] and Davidson et al. [4], 
lil/ r"~IJII" "I' ",hi,·I. ar" in excellent agreement. This is consis-
11'[[1 \\111. II", re"" II I dala I()-BJ on the reactions of OJD with 
alrll""I"",ri" gases (N 2 , 02' N20, CO2 , etc.) which have support­
ed tI ... rl'~IIIt~ from the NOAA laboratories in preference to the 
n'~IIII' from the Cambridge Laboratory. The results from the 
[,(·Ial i VI; rate coefficient study [5] was not considered in this eva­
illation. Combining the value of k Ik (O'D + N20) reported in 
n·j'·rence [5] with the CODATA preferred value of 
/,. (i I[ D + NzO), i.e. 1.2 X 10- 10 em3 molecule -1 s -1, )'i.",j~ a 

value -25% lower than the preferred value. The ohSt'rvili ion of 

a (juenching channel in this reaction is consistent willi 11\1' re­

sults from the 0('0) with CF2C12 and CFCI, rf;adi"I1'" I :"'I~'" 
quently preferred values are given for both the II V I' .. a \I 1'<11 .. ""1'­

stant, k, and for the branehing ratio k~/k. 

J. Phys. Chern. Ref. Data, Vo!. 11, Mo. 2,1982 



458 BAULCH ET AL. 

References 
11] Force. A. P., and Wiesenfeld, 1. R., J. Phys. Chern. 85, 782 (1981). 
[2J CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hampson, R. F., Jr .• Kerr, I. A .• Troe, J., Watson, R. T., J. Phys. Chern. 
Ref. Data 9,295 (1980). 

[3] Fletcher. I. S., and Husain, D., 1. Phys. Chern. 80,1837 (1976). 
14] Davidson,J. A .• Schiff. H.I., Brown, T. J .• and Howard, C. J., J. Chern. Phys. 

69,4277 (1978). 

[5J Jayanty, R. K. M., Simonaitis, R., and Heicklen, J., J. Photochem. 4. 381 
(1975). 

[6] Amimoto, S. T., Force. A. P., Gulouy, R. G., Jr., and WiesenfeJd, J. R., J. 
Chem. Phys. 71, 3640 (1979). 

[7] Brock,J., and Watson, R. T., Reported at the NATO Advanced Study Insti· 
tute on Atmospheric Ozone, Portugal (1979). See Moortgat's review 
paper, Report No. FAA·EE·80·20 (1980). 

[8] Wine, P. H., and Ravishankara, A. R., Chern. Phys. Lett. 77,103 (1981). 

CI + H02-+HCI + O2 (1) 

AHO(l) = 224 kJ mol- 1 

;:1HO(2) + 9 kJ mol-I 

-+CIO + HO (2) 

Rate coefficient data (k = k J + k2) 

k / em3 molecule 1 s - J 

Relative Rate Coefficients 

(0.9:t 3 •. 5) X 10-" 

Reviews and Evaluations 

4.SXlO- 11 

4.1XIO- '1 
4.8 X 10- 11 

Comments 

Temp.!K 

274-338 

298 
298 
298 

(a) Molecular modulation: ultraviolet detection of H02• k 
determined relative to k (Cl + H2). k / k (Cl + H2) (3.0 + ;:~) 
exp( + (2120 ± 370IT». Combining the experimentally deter­
mined ratio of k I k (Cl + H2) with the CODATA preferred value 
of k (Cl + H2), i.e. 4.7 X 10- 11 exp( - 2340/T) cm3 mole­
cule - J S - 1 yields the expression, k = 1.41 X 10 -10 

exp( 220/ T) cm3 molecule -1 s -I. However, considering the 
uncertainties in both k I k (Cl + H2) and k (Cl + H2) a tempera­
ture invarinnt value was reported for k •. 

(b) Based on the relative rate coefficient studies of Leu and 
DeMore, 1976 [5], Cox and Derwent, 1977 [6], Poulet et aI., 
1978 [7] and Burrows et aI., 1979 [8J. 

(c) Based on the relative rate coefficient data of Leu and 
DeMore, 1976 [5J, Poulet et aI., 1978 [7], Burrows et al., 1978 
[8], and Cox, 1980 [1], but not Cox and Derwent, 1977 [6]. 

Preferred Value 

kl = 4.8X 10- 11 cm3 molecule- 1 S-I over range 274-
338K. 

Reliability 

;:1 log k = ~ g:~ at 298 K. 
;:1 (E I R ) = ± 200 K. 

Comments on Preferred Value 

The preferred value of 4.8X 10- 11 cm3 molecule-I S-I 

for k at 298 K was obtained by averaging the reevaluated values 
(If Leu nnd DeMore, 1976 [5], Poulet et al., 1978 [7], Burrows et 

J. "hV-. Chem. Ref. Data, Vol. 11, No.2, 1982 

Reference 

Cox. 1980 [1] 

:"ASA, 1979 [2] 
CODATA. 1980 [3] 
NASA, 1981 [4] 

Comments 

(a) 

(b) 
(b) 

(c) 

aI., 1978 [8], and the value of Cox, 1980 [1]. Cox, 1980 [1] 
reevaluated the earlier work of Cox and Derwent, 1977 [6], to 
determine a value of >4.0 X 10 - II cm3 molecule -I s -I for k 
(due predominantly to a revised value for k (Cl + H2) which is 
consistent with the preferred value. The lack of a temperature 
dependence (reference [1]) is consistent with that expected for 
an atom-radIcal reactIOn. Based upon the data ot tlurrows et a1., 
1979 [8] an upper limit of 4.8X 10- 13 cm3 molecule- 1 

S-I can 
be placed on k2 (> 1 % of the total rate constant). However, this 
valne i~ not giVfm R~ " preferrerl vAlne AS there is an incon,.i,;;­
tency between the values of k2(CI + H02-+CIO + HO), 
k_ 2(HO + ClO-+H02 + CI) and the thermodynamic equilibri­
um constant, Keq = k2/ k_2 (see the HO + CIO data sheet for a 
more detailed discussion). 

References 

[ll Cox, R. A., Int. J. Chern. Kine!. 12,649 (1980). 
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J.HO = + 6.7 kJ mol-I 

Rate coefficient data 

k Icm3 molecule-I 5- 1 

Absolute Rate Coefficients 

(3.2 ± O.44)X10- Il exp( - (1063 ± 34)/T) 
(9.65 ± 0.55)X 10- 13 

(1.67 ± 0.45) X 10- 12 exp( - (1542 :t 88)/ T) 

Reviews and Evaluations 

9.9X 10- 12 exp( - 1359/T) 
9.9 X 10- 12 oxp{ 1360/T) 

9.6X 10- 12 exp( - 13501T) 

Comments 

Temp./K 

221-298 
298 
298-375 

200-300 
200 300 

200-300 

(a) Flash photolysis: resonance fluorescence detection of 
atomic chlorine. Non-linear Arrhenius behavior was observed. 

At temperatllres at and below 240 K the apparent bimolecular 
rate constant was dependent upon the chemical composition of 
the reaction mixture. Ravishankara and Wine suggested that 
this was due to a non-equilibration of the 2p 1/2 and "P 3/2 spin 
states of atomic chlorine at high values of the pseudo-first order 
rate constant, k " i.e. if the mixture did not contain an efficient 
spin equilibrator, e.g. Ar or CCI4 , the bimolecular rate constant 
decreased at high CH4 concentrations, i.e. high values of k '. The 
Arrhenius expressions for k between 221 and 298 K, and 
between 298 and 375 K were derived from the data shown in 
their table II (excluding the high CH4 data in the He/CI2 /CH4 

system). 
(b) Based on the absolute rate coefficient data of Watson et 

aL, 1976 [5], Whytock et aI., 1977 [6], Michael and Lee, 1977 

[7], Manning and Kurylo, 1977 I8], Zahniser et al., 1978 [91, 
Lin et aI., 1978 [10], and Keyser, 1978 [11]. and the relative 
rate coefficient data of Pritchard et ai., 1954 [12], Knox, 1955 
[13], Pritchard et aI., 1955 [14], Knox and Nelson, 1959 [5], 
and Lin et aI., 1978 [10]. 

(c) Based on the same data as for NASA, 1979 [2] (see note 
(h» anll R"vi .. hanlcara and Wine, 1980 [I). 

Preferred Values 

k = 1.0 X 10- 13 cm3 molecule -1 s -1 at 298 K. 
k = 9.6X10- 12 exp( -1350IT) cm3 molecule- I 5- 1 

over range -200-300 K. 

Reliability 

J. log k = ± 0.1 at 298 K. 
A (E / R ) = ± 250 K_ 

Comments on Preferred Values 

This reaction was discussed in detail in the previous CO­
DATA evaluation [3], i.e. the non-linear Arrhenius behavior 
and the differences between the results from the absolute rate 
coefficient studies and the relative rate coefficient studies. In­
clusion of the data of Ravishankara and Wine [1] results in 

Reference 

Ravishankara and Wine, 1980 [lJ 

NASA, 1979 r2] 
CODATA, 1980 [3] 
l'iASA, 1981 [41 

Comments 

(a) 

(b) 
(b) 

Ie) 

minor modifications to the earlier preferred CODATA values 
[3]. 

The preferred value at 298 K was obtained hy taking the 
mean from the most reliable absolute (Watson et al. [5], Why­
tock et al. [6], Michael and Lee [7], Manning and Kurylo (8), 
Zahniser et aL [9], Lin et al. [10]. Keyser [l1J. and Ravishan­
kara and Wine [1]) and the most reliable relative (Pritchard et al. 
[12], Knox [13], Pritchard et al. [14], Knox and Nelson (15) and 
Lin et al. [91) rate coefficient studies. 

The preferred Arrhenius expression was derived to best fit 
all the reliahle experimental data between 200 and 300 K. Data 
obtained above 300 K were not considered due to the non-linear 
Arrhenius behavior observed in the absolute rate coefficient 

studies ([1], [6], [10] and [11]). The average values of kat 230 K 
are: 3.19X10- 14 cm3 molecule- 1 s-1 (flash photolysis 
[1,5,6,8]); 2.67 X 10- 14 cm3 molecule -I s -I (discharge flow 
[9,11]); and 2.27Xl0- 14 cm3 molecule- 1 

S-I (competitive 
chlorination [10,12-15]). These differences increase at lower 
temperatures. Ravishankara and Wine have suggested that the 
results obtained using the discharge flow and competitive chlor­
ination techniques may be in error at the lower temperatures 
(T<240 K) due to a non·equilibration of the 2P I / 2 and 2P3 / 2 
states of atomic chlorine. The chemical composition in each of 
the nash photolysis studies contained an efficient spin equili­
brator, whereas this was not the case in the discharge flow stu· 
dies. However. the reactor walls in the discharge flow studies 
could have been expected to have acted as an efficient spiu 

equilibrator. Consequently, until the hypothesis of Ravishan­
kara and Wine is proven it is assumed that the discharge flow 
and competitive chlorination results are reliable. The Arrhenius 
expression is derived to yield the preferred values of k at 298 K 
(1.04 X 10- 13 cm3 molecule- l s- l ) and at 230 K 
(2.71 X 10- 14 cm3 molecule- I s-I-this is a simple mean of 
the three averase values obtained from each of the three techni­

ques). The preferred expression of 9.6 X 10- 12 exp( - 1350/ 
T) cm3 molecule -I s -1 essentially yields values of k similar to 
those obtained in the discharge flow-resonance fluorescence stu­
dies. If only flash photolysis-resonance fluorescence results are 
used then an alternate expression of 6.4X 10--- 11. exp( - 1220/ 
T) cm3 molecule - I 5 - I is obtained (k at 298 K = 1.07 X 10- 13 

em3 molecule - I S-I), and (k at 230 K = 3.19 X lO- 14 cm3 mo· 
lecule - 1 S - I). 

J. Phys. Chem. Ref. Data, Vol. 11, NO.2, 1982 
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CI + H2CO-;.HCI + HCO 
.t1HO 67.4 kJ mol-I 

Rate coeffieient data 

k l("m3 mol.ecule-J ,,-I 

Absolute Rate Coefficients 

(4.7 ± l.O)XIO- 11 

(74.± 0.7)>-:10:- 11 

Reviews and Evaluations 

9.2XlO- 11 exp(-68fT) 
7.9>-:10- 11 exp( 301fT) 

9.2XIO- '1 exp( - 68fT) 

Comments 

Temp.lK 

298 
296 

200-500 
200-600 
200-500 

(a) Discharge flow: EPR detection of atomic chlorine. 
(b) Pulsed CO~ laser induced photodissociation of CFCI3 to 

produce Cl. HCI infrared chemiluminescence used to monitor 
the reaction. 

(c) Based on the absolute rate coefficient studies of ~ichael 
tll ,,1., 1979 [(i] amI Anderson and Kurylo. 1979 [7], and the 
relative rate coefficient study of Niki et ai., 1978 [8]. 

Preferred Values 

k = 7.3X 10- 11 cm3 molecule-I S-I at 298 K. 
k = 7.9X10- 11 exp( - 34fT) cm3 molecule-I 5-

1 over 
range 200-500 K. 

Reliability 

.a log k ± 0.06 at 298 K. 

.t1 (E f R ) = ± 100 K. 

• J. PhYII. Chern. Ref. Data, Vol. 11, No.2, 1982 

Reference 

Foon, LeBras, and Combourieu. 1979 [I] 
Faaano and No!;u, 1901 [2] 

:lASA. 1979 (3] 
CODATA, 1900 [4] 
NASA, 1981 [5] 

Comments on Preferred Values 

CUIIIJIlt:ul::. 

(a) 
(0) 

(c) 
(e) 

(c) 

The results from Michael et ai., 1979 [6], Anderson and 
K.urylo, 1979l7J, Niki et aI., 1978 [8], and Fasano and Nogar, 
1981 [2] are in good agreement at -298 K, but -50% greater 
than the value reported by Foon et aI., 1979 [I]. Therefore, the 
thtl' of Foon et al. is rejected, and the preferred values remain 

unchanged from the previous CODATA evaluation. 
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AH· = - 101 kJ mol-I 

Rate Coefficient Data: no experimental data available. 

Preferred Values 

k = 1.8 X 10-12 cm3 molecule -I s -I at 298 K. 
k = 3XlO- 12 exp( -150fT) cm3 molecule-I s-1 over 

range 200-300 K. 

Reliability 

A log k = ± 1.0 at 298 K. 
A(EfR)= :::ng~. 

Comments on Preferred Values 

There are no experimental data for this reaction. This is an 
estimated value based on the rate coefficient for the HO + HzOz 
reaction (CODATA evaluation). 

HO + (10-+H02 + (I (1) 

-+H(I + O2 (2) 
HO + (10 + (M)-+HO(IO + (M) (3) 

AHO(l) = - 9 kJ mol-I 

..dHO(2) - 234 kJ mol-I 

Rate coefficient data (k = k. + k2 + k3) 

k molecule-I s • 

Absolute Rate Coefficients 

(3.9 ± 0.6)X 10-.2 

Reviews and Evaluations 

9.1 X 10- 12 

9.1 X 10-" 
9.IXlO-· 2 

Comments 

Temp.lK 

295 

298 
298 
298 

(a) Flash photolysis: resonance absorption detection of 

HO. Total pressure was varied from 10-240 Torr (M = SF6), 

and k was observed to increase from (3.4-4.5) X 10- 12 cm3 mo· 
lecule -1 s -I, possibly indicating the presence of a third-order 
complex forming process. 

(b) Based on the data of Leu and Lin, 1979 [5]. 

Preferred Value 

k = 9.1 X 10- 12 cm3 molecule-I s -I at 298 K. 

Reliability 

A log k = ± 0.3 at 298 K. 

Comments on Preferred Value 

The preferred value is that reported by Leu and Lin [5]. 
The results are not in particularly good agreement (a factor of 
2.7 in the low pressure regime), but this "may be partly accounted 
for insofar as Garraway and Donovan only claimed a factor of 
two accuracy in their determination of k due to the complexity of 

Reference 

Garraway and Donovan, 1980 [IJ 

NASA, 1979 [2] 
CODATA, 1980 [3] 
NASA, 1981 [4] 

Comments 

(a) 

(h) 
(h) 
(b) 

their reaction system. A lower limit of 0.65 was determined by 
Leu and Lin for k/k at 298 K. The approach was somewhat 
indirect and the actual value of kIf k may possibly be unity. It 
should be noted that the lower limit of 5.9X 10- 12 cm3 mole­
cule - I s - • reported for k I hy Leu and Lin is not compatible with 
the thermodynamic equilibrium constant, Keq = k.(HO + ClO 
-H02 + Cl)fk_ I(H02 + Cl_HO + CIO), and the upper limit 
of 3 X 10- \3 cm3 molecule-I 8- 1 placed on k_1 by Burrows et 

al. (6]. For all the data to be consistent it requires that either: (a) 
kl is lower than reported by Leu and Lin (Le. <2 X 10- 12 

cm3 molecule- 1 S-I) or (b) k_1 is greater than 3XlO-· 3 

cm3 mvh:;cultl- 1 :;-1 vr (I,;) .tJ.Hof298 (H02) <10.5 kJmol- t 

(i.e.":;7.5 kJ mol-I). With the results of Garraway and Donovan 
indicating a possible pressure dependence in k, it is clear thut 
additional studies of the rate constant and mechanism of this 
reaction as a function of pressure and temperature are required. 
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.aHO= 74kJmol- 1 
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Rate coefficient data 

Ie Icm3 molecule-I 5- 1 Temp.lK 

Absolute Rate Coefficients 

(3.51 ± 1.10) X 10- '2 exp« -1313 ± H1)IT) 247-483 
(3.95 ± 0.52)XlO- 14 293 
(4.10 0.68) X 10- '4 297 

Reviews and Evaluations 

2.2XlO- 12 exp(-1l421T) 240-422 
2.2X 10- 12 exp( - ll40/T) 240-4.~? 

l.8X 10- 12 exp( - 1112lT) -220-300 

Comments 

(a) Discharge flow: resonance fluorescence detection of 
HO. Although an Arrhenius expression ha", h",,,,n ",ntered in the 
table, the experimental data was observed to exhibit a non-linear 
Arrhenius behavior and was best described by a three parameter 
equation of the form, k = AT n exp( - BIT), where n~2, i.e. 
k = 4_22 X 10- 18 TI.97 exp( - 5991T) cm3 molecule- 1 5- 1• 

(b) Flash photolysis-resonance absorption detection ofHO. 
(c) These expressions were derived from the absolute rate 

coefficient nata of Howard and Evenson, 1976 [6], Davie at 0.1., 
1976 [7], and Perry et aI., 1976 [8]. 

(d) Derived using the absolute rate coefficient data ofJeong 
and Kaufman [1], Howard and Evenson [6], Davis et al. [7], and 
Perry et al. [l:l]. Vata fit to an expression of the form, 
k = BT2 exp( - C IT), and then an Arrhenius expression 
(k = A exp( - E IT» centered at 265 K was derived, where 
A =B Xe2 XT2 andE= C+ 2T. 

Preferred Values 

k = 4.2 X 10- 14 cm3 molecule -I s -I at 298 K. 
k = 1.9Xl0- 12 exp( -1l20IT) cm3 molecule-I S-1 

over range 247-350 K. 

Reliabili~r 

.a log k = ± 0.1 at 298 K. 

.a (E / R ) = ± 200 K. 

Comments on Preferred Values 

The preferred values were obtained using the absolute rate 
coefficient data of Howard and Evenson [6], Davis et aI., [7], 
Perry et aI., [8], Jeong and Kaufman [1] and Paraskevopoulos et 

J. Phya. Chem. Ref_ Data, Vol. 11, No_ 2, 1982 

Reference Comments 

Jeong and Kaufman, 1981 [1] (a) 

Paraskevopoulos, Singleton, and Irwin, 1981 [2) (b) 

NASA, 1979 [3J (c) 
CODATA, 1980 [4) (c) 

NASA, 1981 [5] (d) 

al. [2] which are in good agreement. Although the E I R values 
vary from 1097 K (reference [7]) to 1359 K (reference [8J), the 
discrepancy can possible be attributed to the rea~tion exhihiting 
non-linear Arrhenius behavior (reference [1]) and being studied 
over different temperature ranges, i.e. 250-350 K (reference 
[7J) and 298-422 K (reference [8]). The preferred value of k at 
298 K was obtained by taking the mean of the values reported at 
-298 K in references [1] (normalized to 298 K) and [2,6-8]. 
Owing to the possible non-linear Arrhenius behavior ofthe reac­
tion the preferred Arrhenius expression was derived lI!1ing only 
data obtained at and below 350 K. An alternate expression 
which allows for the possible non-linear Arrhenius behavior can 
be obtained by fitting all of the absolute rate data from refer­
~I1ces [1,2,6-8] to a three parameter equation of the form, 
k = AT2 exp( - B IT). This results in the equation 
3.49X 10- 18 T2 exp( 5821T) cm3 molecule-I S-I over the 
temperature range 247-483 K. 
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Chern. Phys. 65, 1268 (1976). 
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Rate coefficient data 

k 1 cm' molecule IS I Temp.lK 

Absolute Rate Coefficients 
--.---

(3.7 ± 0.6) X 10- 1
' 296 

(2.84 ± 0.3)X 10- 12 exp( - (1259 ± 50)/T) 245-375 
(4.21 ± O.41)X 10-" 298 
(3.1 ± 0.9)X 10- 12 exp( - (1320 ± 100)lT) 273-373 
(3.5 ± 0.7) X 10- ,. 293 
(2.44 ± 0.64) X 10- 12 exp( - (1147 ± 91)IT) 250-486 
(4.94 ± 0.60) X 10- 1

• 295 
(4.45 ± 0.66) X 10- 1

• 297 

Reviews and Evaluations 

3.5X 10- 12 exp( - 13221T) 245-375 
2.0XlO- 12 exp(-1l34IT) -220-300 

Comments 

(a) Discharge flow: laser magnetic resonance detection of 
HO. 

(b) Fla"h photolysis: resonance fluorescence detection of 
HO. 

(c) Flash photolysis: resonance absorption detection ofHO. 
(d) Discharge flow: resonance fluorescence detection of 

HO. Although an Arrhenius expression has been entered in the 
table, the experimental data was observed to exhibit a non-linear 
Arrhenius behavior and was best described by a three parameter 
equation of the form k = AT' exp( - B IT), where nCo<2, i.e. 
k = 2.6X 10- 18 T2 exp( - 4591T) cm3 molecule-I S-I. 

(e) Flash photolysis-resonance absorption detection ofHO_ 
(f) This expression was derived from the absolute rate coef­

ficient data reported in references [1-3]. 
(g) Derived using the data reported in references [1-4]_ 

Datafittoanexpressionoftheform,k =BT2 exp( - C IT),and 
then an Arrhenius expression, k = A exp( - E / T), centered at 
265 K was derived, where A = B X e2 X T 2 and E = C + 2T. 

Preferred Values 

k = 4.4X 10- 14 em3 molecule-I S-I at 298 K. 
k 2.6XlO- 12 exp( 12101T) cm3 moleeule- l s- 1 

over range 245-350 K. 

Reliability 

.a log k = ± 0.1 at 2QR K. 

.a (E I R) = ± 100 K. 

Reference Comments 

Howard and Evenson, 1976 (I) (a) 
Watson et aI., 1977 (2] (h) 

Handwerk and Zellner, 1978 [3] (e) 

Jeong and Kaufman, 1981 [4] (d) 

Paraskevopoulos, Singleton, and Irwin, 1981/5) (e) 

NASA, 1979 [6] (f) 
NASA, 1980 [7] (g) 

Comments on Preferred Values 

The preferred values were obtained using the absolute rate 
coefficient data from references [1-5] which are in good agree­
ment. Owing to the possible non-linear Arrhenius- behavior of 
the reaction [1] the preferred Arrhenius expression was derived 
using only data obtained at and below 350 K. An alternate 
expression which allows for the possible non-linear Arrhenius 
behavior can be obtained by fitting all the absolute rate data to a 
three parameter equation of the form, k = AT2 exp( - BIT). 
This results in the equation 3.8x 10- 18 T2 exp( - 604/T) 
cm3 molecule -I s -lover range 245-486 K. 
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1J.H' 66 kJ mol- I 

Rate coefficient data 

k Icm3 molecule I 

Absolute Rate Coefficients 

(1.28 ± 0.66) X 10- 12 exp( (1671 ± 191)1T) 
(4.83 ± 0.63) X 10- 15 

(4.58 ± 0.58) X 10- 15 

Re'liews and Evaluations 

1.2XIO- 12 exp( -1666/T) 
1.3XlO- 12 exp(-1670/T) 

7.8X 10- 13 exp( - 1530/T) 

Comments 

Temp./K 

293-482 
293 
297 

250-430 
240-400 

-220-300 

(a) Discharge flow-resonance fluorescence detection of HO. 
Although an Arrhenius expression has been entered in the ta­
ble, the experimental data was observed to exhibit a non-linear 
Arrhenius behavior and was best described by a three parameter 
equation of the form, k = AT n exp( BIT), where n~2, Le. 
Ie = 1.28 X 10- 1

• T" O exp( - 946fT) cm3 molecule -1 s -1. 

(b) Flash photolysis-resonance absorption detection of HO. 
(c) These expressions were derived from the absolute rate 

coefficient data of Atkinson et al.. 1975 [6]. Howar~ anrl F.Vfm­
son, 1976 [7}, Watsonetal., 1977 [8], Chang and Kaufman, 197 
[9], and Handwerk and Zellner, 1978 [10], but not Clyne and 
Holt, 1979 (II}. 

(<.I) Derived using the absolute rate coefficient data of Jeong 
and Kaufman {1], Atkinson et at, [6], Howard and Evenson (7], 
Watson et aI., [8], Chang and Kaufman [9J, Handwerk and 
Zellner [10). Data fit to an expression of the form 
k BT2 exp( C IT), and then an Arrhenius expression: 
k =A exp( - E IT), centered at 265 K was derived, where 
A BXe2 XT 2 andE C+2T. 

Preferred Values 

k = 4.7 X 10- 15 cm3 molecule -I s -I at 298 K. 
k = 1.1XIO- 12 exp( -1620IT) cm3 molecule- 1 S-

I 

over range 250-360 K. 

Reliability 

..:1 log k = ± 0.1 at 298 K. 

..:1 (E I R ) = ± 100 K. 

Comments on Priferred Values 

The preferred values were obtained using the absolute rate 
coefhclent data of Atkinson et a1. [6}, Howard and Evenson [7), 

J. Phy •. Chern. Ref. Data, Vol. 11, No.2, 1982 

Reference 

Jel:mg and Kaufman, 1981 [11 

Paraskevopoulos, Singleton, and Irwin, 1981 [2) 

NASA, 1979 [3) 
CODATA,19S0[4] 
NASA, 1981 (5) 

Comments 

(a) 

(b) 

(c) 
(e) 

(d) 

Watson et al. [81, Chang and Kaufman [9J, Handwerk and 
Zellner [10], Jeong and Kaufman [1] and Paraskevopoulos et al. 
[2] which are in good agreement. Owing to the possible non­
linear Arrhenius behavior of the reaction [1) the preferred Arr­
henius expression was derived using only data obtained at and 
below 360 K (if the data used were restricted to T<350 K then 
th" "1tpr"""jon d"r;ved w,,~ 1.2 X 10- 12 exp( - 1653/T) 
cm3 molecule -I s -I). An alternate expression which allows for 
the possible non-linear Arrhenius behavior can be obtained by 
fitting all the absolute rate data from references [1,2,6-10] to a 
three parameter equation of the form, k = AT 2 exp( H I T). 
This results in the equation 1.5 X 10- 18 T2 exp( -1000/T) 
cm3 molecule -I s -lover range 250-482 K. 
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iJ.HO= 92 kJ mol- 1 

Rate coefficient data 

k I cm3 molecule 1 s - 1 

Absolute Rate Coefficients 

(1.21 ± 0.26) X 10- 12 exp( (1057 ± 76)IT) 
(3.37 ± 0.44) X 10- 14 

(3.39 ± 0.86) X 10 -14 

Reviews and Evaluations 

1.5x 10- 12 exp( 1184IT) 
1.5 X 10:- 12 exp( - 11801T) 
O.9X 10-" "xp( 101SIT) 

Comments 

Temp.lK 

250-483 
295 
297 

240-420 
240-400 

-220-300 

(a) Discharge flow-resonance fluorescence detection ofHO. 
Although an Arrhenius expression has been entered in the ta­
h1p, the experimental data was observed to exhibit" non-linear 

Arrhenius behavior and was best described by a three parameter 

equation of the form kAT" exp( - B IT), where n~2, i.e. 
k = 1.22 X 10- 18 T 2

.
0 exp( - 3381T) cm3 molecule-I 5- 1• 

(b) Flash photolysis-resonance absorption detection ofHO. 
(c) These expressions were derived from the absolute rate 

coefficient data of Howard and Evenson, 1978 [6], Perry et aI., 
1976 [7], Watson et aI., 1977 [9], but not Clyne and Holt, 1979 
[10J. 

(d) Derived using the absolute rate coefficient data ofJeong 
and Kaufman [1], Howard and Evenson [6J, Perry et al. (7), 
Watson et al. [8J, and Chang and Kaufman [9J, but not Clyne and 
Holt [10J. Data fit to an expression of the form, 
k BT2 exp( - C IT), and then an Arrhenius expression, 
k = A exp( E / T) centered nt 265 K waa derived, wile, e 

A =B Xe2XT2 andE= C+2T 

Preferred Values 

k 3.0 X 10- 14 cm3 molecule -I s -I at 298 K. 
k = 1.1Xl0- 12 exp( -1070/T) cm3 molecule-I S- I 

over range 240-350 K. 

Reliability 

LI loe; k ± 0.1 at 298 K. 
iJ. (E I R ) ± 100 K. 

Reference 

Jeong and Kaufman, 1980 [1] 

Paraskevopoulos, Singleton, and Irwin, 1981 !2] 

NASA, 1979 [3J 
CODATA, 1980 [41 
NASA, lYl:ll 15J 

Comments on Priferred Values 

Comments 

(a) 

(b) 

(c) 
(e) 
(d) 

The preferred value of k at 298 K was obtained by taking 
the mean of the ab~olute rat/' "()Affi(';€'nt~ reported by Howard 

and Evenson [6], Perry et al. [7], Watson et a1. [8J, Chang and 
Kaufman [9], Jeong and Kaufman [1], and Paraskevopoulos et 
al. [2] which are in good agreement. Owing to the possible non­
linear Arrhenius behaVIOr of the reaction LIJ the preferred Arr­
henius expression was derived using only data obtained at and 
below 350 K. An alternate expression which allows for the pos­
sible non-linear Arrhenius hehavior ,,~n he obtained by fitting 

all of the absolute rate data from references [1,2,6-91 to a three 
parameter equation of the form, k = AT2 exp( - BIT). Thisre­
suits in the equation 1.7 X 10- 18 T 2

.
o exp( - 483IT) cm3 mo­

lecule - I S - lover range 241-483 K. 

References 
1'1 Jenng, K. M., "",1 K.ufIllUIJ, F., Manu.crip' in Preparation (1981). 
121 l'araskevopoulos, G., Singleton. D. L., and Irwin, R. S.,J. Phys. Chern. 85, 

S6J (1981). 

1:11 NASA Hef. Publ. 1049, "The Stratosphere: Present and Future," Chapter 
I. H. D. Hudson and E. 1. Reed. editor. (1979). 

141 CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, It. A., 
lIallll'"o", Jr., It F., Kerr, J. A., Troe, J., and Watson, It T., J. Phys. 
Chern. Hef. Data 9, 295 (1980). 

lSI NAS,\ Panel for Data Evaluation, "Chemical Kinetic and Photochemical 
Data for U,c in Stratospheric Modelling," W. R. DeMore, L. J. Stief, D. 
M. (;olden. ll. r., Hampson, M. 1. Kurylo, J. J. Margitan, M. J. Molina, 
ilnd Il. T. WU\""I. JPL Publ. 81-3 (19tll). 

161 How"rd. C. L ,w,] Evenson, K. M., J. Chern. Phys. 64, 197 (1976). 
i7J Perry, H. A., Atkin,oll.IC, and Pitts, J. N., Jr., J. Chern. Phys. 64, 161B 

(1976). 

18) Wabon.IL '1' .. Madlado, E., Conaway, B. c., Wagner, S., and Davis, I). D., 
J. Phys. Chem. 81, 256 (1977). 

191 Chang, J. S., and Kaufman, F., J. Chern. Phys. 66, 1-989 (1977). 
110 I Uyne, M. A. A., and Holt, P. M., J. Chern. Soc. Faraday Tran,. II. 75, :;112 

(1979). 
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Rate coefficient data 

k fern3 rnolecule- I 5- 1 Temp.lK 

Absolute Rate Coefficients 

(2.0 ± 0.4) X 296 
(5.32 ± O.7l) X 10- 13 exp( + (445 ± 41)fT) 234-420 
(2.37 ± 0.10)X 10- 12 296 

Rdativt: Il.ttlc 

(4.5± 1.3)Xl0- 12 298 

and Evaluations 

5.0XlO- 13 exp(445/T) 234-420 
5.0X 10- 13 exp(445/T) 234-420 

Comments 

(a) Discharge flow-laser magnetic resonance detection of 
RO. 

(b) Discharge flow-resonance fluorescence detection of 
HO. 

(c) Photochemical smog chamber. k I k (HO + iso-hu­
tene) = 0.088. Combining this ratio with the value of 
5.1X10- 11 cm3 molecule":' I s-Ifork (HO + iso-butene)yields 
the value of k entered in the table [6]. 

(d) Based on references [1] and (2). 

Preferred Values 

k = 2.2 X 10-12 cm3 molecule-I S-I at 298 K. 
k=5.0X10- 13 exp(445IT) cm3 molecule-I S-I over 

range 234-420 K. 

Reliability 

"j log k = ± 0.1 at 298 K. 
J. (E I R ) = ± 445 K. 

Reference Comments 

Howard, 1976 [1) (a) 
Chang and Kaufman, 1977 [2] (b) 

Winer et aI., 1976 [3) (c) 

NASA, 1979 [4) (d) 
~ASA, 1981 [5] (d) 

Comments on Priferred Values 

The preferred vahH" at 2qR K 19, a mean of the valup. TP.port­

ed by Howard, and Chang and Kaufman. The value reported by 
Winer et al. is a factor of 2 greater than the other values and is 
not considered in deriving the preferred value at 298 K. The 
preferred Arrhenius parameters are based on those reported by 
Chang and Kaufman (the A-factor is reduced to yield the pre­
ferred value at 298 K). 

References 
[11 Howard, C. J., J. Chern. Phys. 65, 4771 (1976). 
[2] Chang, J. S., and Kaufman, F., J. Chem. Phys. 66,4989 (1977). 
[3] Winer, A. M., Lloyd, A. C., Darnell, K. R., and Pittts, J. N., Jr" J. Phys. 

Chem.80, 1635 (1976). 
[4] NASA Ref. Pub!. 1049, "The Stratosphere: Present and Future," R. D. 

Hudson and E.1. Reed, editors (1979). 
[5} NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 

Data for Use in Stratospheric Modelling," W. B. DeMore, L. J. Stief, D. 
M. Golden, R. F. Hampson, M.J. Kurylo, 1. 1. Margitan, M.J. Molina, 
and R. T. Watson, JPL Pub!. 81-3 (1981). 

[6] Atkinson, R., and Pitts, J. N., Jr. J. Chem. Phys. 63, 3591 (1975). 

Rate coefficient data 

k fern3 molecule-I S-I 

Absolute Rate Coefficients 

(1.70 ± 034) X 10~ 13 

(9.44± l.34}X10-'· exp( - (1199 ± 55)/T) 
(1.69 ± 0.07)X 10- 13 

Relative Rate Coefficients 

and 

'1.4 X 10- 12 exp( - 12001T) 
') il X I () -" ex!'( - 12U0!1') 

Temp.lK 

296 
297-420 
297 

298 

250-420 
250-420 

,I, "fWO; (ihlJlll. R.f. O"tI, Vol. 11, No. 2,1962 

Reference 

Howard, 1976 [11 
Chang and Kaufman. 1977[2J 

Winer et al., l\rto [3] 

NASA, 1979 [4] 
NA!:iA, lYI:H [!:Jj 

Comments 

(a) 
(b) 

(c) 

(d) 
(d) 
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Comments 

(a) Discharge flow-laser magnetic resonance detection of 

HO. 
(b) Discharge flow-resonance fluorescence detection of 

HO. 
(c) Photochemical smog chamber. k / k (HO + iso-bu­

tene) = 0.044. Combining this ratio with the value of 
5.1 X 10- 11 cm3 molecule -I s-Ifork (HO + iso.butene)yields 

the value of k entered in the table [6]. 
(d) Based on reference [2]. 

Preferred Values 

k = 1.7XIO- 13 cm3 molecule- 1 
5-

1 at 298 K. 
k = 9.4X 10- 12 exp( - 12001T) cm3 molecule -I 5-

1 

over range 297-420 K. 

Reliability 

.J log k 

.J(EIR} 
± 0.1 at 298 K . 

± 200 K. 

Comments on Preferred Values 

The preferred value at 298 K is a mean of the values report· 
ed by Howard, and Chang and Evenson. The value reported by 
Winer et aI., which is more than a factor of 10 greater, is reject­
ed. The preferred Arrhenius parameters are those of Chang and 
Kaufman. 

References 

[lJ Howard. C. J.. J. Chern. Phy. til'>. l!.771 (1976). 
[2) Chang, J. S., and Kaufman, F., J. Chern. Phys. 66, 4989 (1977). 
13] Winer, A. M., Lloyd, A. C., Darnell, K. R., and Pittts, J. N., Jr., J. Phys. 

Chern. 80, 1635 (1976). 
[41 NASA Ref. Pub!. =11=1049, "The Stratosphere: Present and Future," H. D. 

Hudson and E. 1. Reed, editors (1979). 
[5] NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 

Data for Use in Stratospheric Modelling," W. B. DeMore, L. J. Stief, D. 
M. Golden, R. F. Hampson, M. J. Kurylo, 1. J. Margitan, M. J. Molina, 
and R. T. Watson, ]PL Pub!. #81-3 (1981). 

[6] Atkinson, R., and Pitts, J. N., Jr., J. Chern. Phys. 63, 3591 (1975). 

CIO + H02--HOCI + O2 (1 ) 

--HCI + 0 3 (2) 
CIO + H02 + (M)-'l>HOOCIO + (M) (3) 

.JHO(l} = -191 kJ mol-! 

.JHO(2) = - 62 kJ mol-I 

Rate coefficient data (k k, + k2 + k3) 

---_._------

3.3X 10- 11 exp( - 85011') + 4.5X 10- 12(T 1 
300) -:\.7 

(6.3:::: 1.3)X10- 12 

(4.5 ± 0.9) X 10- 12 

(5.4 +. ~)X 10- 12 

Ratio 

k,lk"O.02 
k,lk<0.015 
k2/k<;0.03 
k2/k<;0.003 

Reviews and Evaluations 

5.2XIO- 1, 

5.2XIO- 12 

4.6X 10- '3 exp( + 710/1') 

Comments 

Temp.lK 

235-393 
298 
298 
298 

298 
298 
248 
298 

298 
298 
2:35-298 

(a) Discharge flow: laser magnetic resonance detection of 
H02• Non-linear Arrhenius behavior was observed. The experi­
mental data were best fit by the four parameter expression 
shown in the table. The value of k at 298 K shown in the pre­
vious CODATA review is superseded by that entered in this 
table. 

(b) Discharge flow: mass spectrometric detection of CIO 

Reference 

Stirnplle, Perry, and Howard, 1979 [l] 

Leck, Cuok, and Birko, 1980 [2J 
Burrows and Cox, 1981 [3] 

Leek, Cook, and Birk:;, 1980 [21 
Leu, 1980141 

Burrows and Cox, 1981 13J 

NASA,19791S1 
CODATA, 198016] 
NASA, 1981 17] 

Comments 

(a) 

(b) 

(e) 

(d) 

(d) 

(e) 

(q 

k! 
II) 

::lnrl HOC] Theva!ueshown inthe p",wj""., (:{)I)·\T.\ .. ",j,w j" 

superseded by that entered in thi~ lal>l,·. 

(c) Molecular modulation: ,.I'r:1\'i"I,·! al""1 !Ii;"" ,kl'Tli"" 
ofC]O and H02 • chemilumint's""IJ<'" d,·:,·,·,;"" "I' () I al I almos­
phere total pressure. 

(d) Upper limits "I' k j!. 1,,1.,," I "" ! il!' ,J i~"lra r~" fj"w: IIlaSS 

spectromelric .It'!"'" ;"" "I' () ,. 
(e) Bast,,1 "" III<' a!,~"I"I/' "a'" c"clfi .. ;enl d"la "I' j(,:imann 

and KalJflll<lll, I 'J7il/g I, ~! illll'l'I.- "I aI., I ')7') III, (provisional 

J. Phys. Chern. Ref. Data, Vol. 11, No_ 2,1982 
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value), and Leck et aI., 1980 [2] (provisional value), but not 
Poulet et aI., 1978 [9]. 

(f) Based on the 298 K data of Reimann and Kaufman, 
1978 [7], Leek et aI.. 1980 [2]. and Burrows et aI., 1980 [3], and 
the low-temperature data (T«298 K) ofStimpfie et a1.. 1979 [I]. 

Preferred Values 

k = 5.0X 10- 12 cm' molecule-I 8-
1 at 298 K. 

k = 4.6 X 10- 13 exp( -I- 71 OIT) cm3 molp.cnle- l s-I 

over range 235-298 K. 
k2«2.0X 10- 14 em' molecule- 1 S-I at 298 K. 

Reliability 

Lilog k = ± 0.15 at 298 K. 
t1 (F: I R ) = ~ ;~~ ~ . 

Comments on Preferred Values 

The preferred value at 298 K is based on the data of Rei­
mann and Kaufman, 1978 [8], Stimpfle et aI., 1979 [1], Leek et 
aI., 1980 [2] and Burrows et aI., 1980 [31 which are in good 
agreement. The only temperature dependence study (Stimpfle et 
al.) observed a non-linear Arrhenius behavior. Their data were 
best described by a four parameter equation of the form, 

k = A e BIT + CT n, possibly suggesting that two different me­
chanisms may be occuring. Two possible preferred values can be 

forwarded for the temperature dependence of k, (a) an expres­

sion of the form suggested by Stimpfle et aI., but where the 
valut:~ of A and C are adjusted to yield a value of 5.0 X 10- 12 

cm3 molecule -I S-I at298 K, or a simple Arrhenius expression 

which fits the data obtained at and below 298 K (normalized to 
5.0 X 10- 12 cm3 molecule -I s -I at 298 K). The latter expres­
sion is preferred. The upper limit of 2.0 X 10- 14 cm3 mole­
cule -1 s - 1 for k2 at 298 K is based on the data of Burrows and 

Cox [3]. The agreement between the low-pressure values (refer. 
ences [1], (2}, and [7]) and the one atmosphere value (reference 
[3)) suggests the absence of a third-order complex forming pro­
cess. 

References 

[IJ Stimpfle, R., Perry, R., and Howard, C.J.,J. Chern. Phys. 71, 5183 (1979). 
[2J Leek. T. I.. C:ook. L F... Rnd Rirks. L W_. -'- r.h~m. Phy_"_ 72. 2.'lfi4 (IQRO)_ 

[3] Burrows, J. P., and Cox, R. A., J. Chern. Soc. Faraday 1. 77, 2465 (1981). 
[4] Leu, M. T .• Geophys. Res. Lett. 7.173 (1980). 
[5J NASA Ref. Puhl.l049, "The Stratosphere: Present and Future," Chapter I, 

R. D. Hudson and E. L Reed, editors, (1979). 
to] CODATA Task (,roup on ChemICal Kmetlcs, Baulch, U. L., Cox, 1(, A., 

Hampson. R. F., Jr., Kerr, J. A .• Troe, J .• and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

171 NASA Panel for Data Evaluation. "Chemical Kinetic and Photochemical 
D:ilt~ for 1Ilie in Strato~ph.(?ri<:! Mod.QllinS." W. B. DeMore. L J. Stief, [1. 

M. Golden, R. F. Hampson. M. J. Kurylo. J. J. Margitan. M. J. Molina. 
and R. T. Watson. ]PL Publ. 81-3 (1981). 

[8J Reimann, B .• and Kaufman. F., J. Chern. Phys. 69, 2925 (1978). 
[9J Poulet, G .• LeBras, G., and Combourieu. J .• WMO Symposium #511, page 

289, Toronto (l978). 

CIO + H2CO~HOCI + HCO 
iJHO= -34kJmol- 1 

Rate coefficient data 

k Icm3 molecule- 1 S-l 

Absolute Rate Coefficients 

< 10- 15 

Comments 

Temp.lK 

298 

(a) Discharge flow-ESR detection of CIO. 

Preferred Value 

k«lO-15 em3 molecule-I 5- 1 at 298 K. 

Comments on Preferred Value 

Preferred value is that given by the only published study of 
this reaction. On the baSIS of the upper limitmg value of the rate 

J. Phv8. Chem. Ref. Data, Vol. 11, No.2, 1982 

Reference Comments 

Poulet, LeBras, and Combourieu. 1980 III (a) 

constant, this reaction cannot be of any importance in stratos· 
pheric chemistry. 

References 

[t) Poulel, G .• LeBras, G., and Combourieu, J., Geophys. Re •. Lett. 7, 413 
(1980). 
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CIO + NO~CI + N02 

469 

J.HO = - 38.1 kJ mol- 1 

Rate coefficient data 

k / cm3 molecule 1 s 1 

Absolute Rate Coefficients 

(1.61 ± 0.16)X 10- 11 

(7.1 ± 1.4) X 10- 12 exp( + (270 ± 50l/T) 
(1.78 ± 0.06) X 10- 11 

Reviews and Evaluations 

7.8XIO 12 exp(250IT) 
8.9 X 10- 12 exp(210/T) 
6.5x 10- 12 exp(2R~/T) 

Comments 

Temp.!K 

295 
202-393 
296 

227-415 
227-415 
202 115 

(a) Discharge flow: mass spectrometric detection of CIO. 
(b) Discharge flow: laser magnetic detection of CIO. 
(c) Based on the absolute rate coefficient data of Clyne and 

Watson, 1974 [6], Leu and DeMore, 1978 [7], and Ray and 
Watson, 1981 [8], and the relative rate coefficient data of Zah­
niser and Kaufman, 1977 [9]. The E IR value was derivtlJ Ly 
taking the average of the E I R values reported in references [7] 
and [9]. 

(d) Based on the same data used for NASA, 1979 [3] (see 
note (c)). However, the E I R value of Zahniser and Kaufman 
1977 [9] was re-evaluated prior to using it to derive the pre: 
ferred E / R value. 

(e) Based on the absolute rate coefficient data of Clyne and 
Watson, 1974 [6], Leu and DeMore, 1978 [7],Ray and Watson, 

. 1981 [8], Clyne and MacRobert, 1980 [1], and Lee et aI., 1982 
[2]. 

Preferred Values 

k = 1.7 X 1O-1l cm3 molecule- 1 S-l at 298 K. 
k = 6.2X10- 12 exp(294IT) cm3 molecule- 1 S-l 

range 202-415 K. 

Reliability 

..j log k - ± 0.1 at 298 K. 

J. (E I R ) = ± 100 K. 

over 

Reference 

Clyne and MacRobert, 1980 [1) 
Lee et al., 1982 [21 

NASA, 1979 [3) 
CODATA, 1980 [4] 
NASA, 1981 [5] 

Comments on Preferred Values 

Comments 

(a) 
(b) 

(c) 
(d) 
(e) 

The absolute rate coefficient data reported by Clyne and 
Watson, 1974[6], Leu and DeMore, lY7tl17J, Kay and Watson, 
1981 [8}, Clyne and MacRobert, 1980 [1]. and Lee et aI., 1982 
[2] are in excellent agreement at - 298 K and are averaged to 
yield the preferred value. Thfl vallif'. reported by Zahniser and 

Kaufman, 1977 [9] from a competitive study is not used in the 
derivation of the preferred value at 298 K as it is - 33% higher 
than the other values. The E I R values reported by Leu and 
DeMore, 1 Y'ftl [I] and Lee et al., 1982 [2] are in excellent agree­
ment. Although the E / R value reported by Zahniser and Kauf­
man, 1977 [9] is in fair agreement with the other values, it was 
not considered as it is dependent upon the E I R value assumed 
for the Cl + 0 3 reaction. The Arrhenius expression was derived 
from a least squares fit to the data reported in references [1,2,6-
8]. 

References 
Il] Clyne, M. A. A., and MacRobert, A.J., Int.J. Chem. Kinetics 12, 79 (1980). 
12] Lee, Y. P., Stimpfle, R. M., Perry, R. A., Mucha, J. A., Evenson, K. M., 

Jennings. D. A., oml How.rd, C. J., Int. J. Chern. Kinetic. 14, 711 
(1982). 

[3J NASA Her. Publ. #1049, "The Stratosphere: Present and Future," Chapter 
I, H. D. Hudson and E. J. Reed, editors (1979). 

14] CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 
Hampson, R. F., Jr., Kerr, J. A., Trae, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

15] NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 
Data for Use in Stratospheric Modelling," W. B. DeMore, L. J. Stief, D. 
'vi. Golden, R. F. Hampson, M. J. Kurylo, J. J. Margitan, M. J. Molina, 
and I{. T. Watson, JPL Publ. #81-3 (1981) .. 

[6] Clyne, M. A. A.,and Watson, R. T.,J. Chern. Soc. FaradayTrans.l. 70,2250 
(1974). 

[71 Leu, M. T .• and DeMore. W. B .. .I. Phys. Chern. 82, ?04Q (lQ7R) 
18J Hay, G. W., and Watson, R. T., J. Phys. Chern. 85, 2955 (1981). 
[9] Zahniser, M. S., and Kaufman, F., J. Chern. Phys. 66, 3673 (1977). 
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CiO + N02 + M~CION02 + M (1) 
~OCIONO + M (2) 

~CIOONO + M (3) 
.:1HO(l) = -109 kJ mol- I 

Low pressure rate coefficients 

Rate coefficient data (k = k 1 + k2 + k3) 

kol cm3 molecule - 1 S - 1 Temp.lK 

Absolute Rate Coefficients 

(1.50 ± 0.12)X 10-31 [N21 298 

Reviews and Evaluations 

1.6 X 10-31 (T 1300) -".4 [N2] 200-300 
3.5X 10-32 (T 1300)-:1.8 [N21 (k,) 200-300 
1.7 X 10-31 (T 1300) -3.0 [N2] 250-450 

Comments 

(a) Flash photolysis-uv absorption technique monitoring 
the CIO decay. Fourier transform infrared spectroscopy was also 
used to monitor reaction products. The rate coefficient was 
found to decrease by about a factor of 3 when OCIO was added. 
OCI0 was postulated to be a scavenger for CIN03 isomers other 
than CI0N02 which regenerates ClO. The results confirm the 
earlier suggestion. that several isomers are formed. which was 
based on inconsistencies between recombination and thermal 
dissociation data (refs. [2] and [3]). A theoretical analysis in ref. 
[4] supports this conclusion by indicating that less stable pro­
duct isomers can be formed preferentially. 

(b) Two recommendations for channell to account for the 
suggested isomer formation (refs. [2] and [3]). 

(c) Average of several results which were in good agree­
ment. 

Reference Comments 

Molina, Molina, and Ishiwata, 1980 [1] (a) 

NASA, 1979 [5], 1981 [7] (b) 
(b) 

CODATA, 1980 [6] (c) 

Preferred Values 

ko = 1.6X 10-31 [N2] cm3 molecule- 1 
S-1 at 298 K. 

ko = 1.6 X 10-31 (T 1300) - 3.4 [NzJ over range 250-420 
K. 

Reliability 

.:1 log ko = ± 0.1 at 298 K. 
~n = ± 1 over range 250-420 K .. 

Comments on Preferred Values 

The preferred value of ko is an average of the present and 
earlier data which all agree quite well. The ko value is based on 
measurements of the disappearance of CIO. Based on the studies 
of Molina et a1. [1] and Knauth [2] there is evidence for more 
than one rp.action pa.thway. Howp.ver, it is diffi"uh to givp. a. firm 

recommendation for the branching ratio on the basis of the data 
available. 

High pressure rate coefficients 

Rate coefficient data 

kd:l 10m3 moloculo- 1 0- 1 

Reviews and Evaluations 

1.5 X 10- 11 (T 1300) -1.9 

1.2 X 10- 11 

2.0XlO-" 

Comments 

200-300 
200-300 
298 

(a) New evaluation of earlier fall-off data from Cox and 
Lewis [9] with theoretically calculated and empirically fitted Fe 
values. 

Preferred Value 

k", = 2.0X 10-11 cm3 molecule- I s-I over r,mge 200-

400K. 

Reliability 

.:1 log k", = ± 0.3 over range 200-400 K. 

J. Phv8. Chem. Ref_ Data, Vol. ~1, No_ 2,1982 

Rofcrcncc 

NASA, 1979 [I], 1981 [3] 
CODATA, 1980 [6] 
Sander, Ray and Watson, 1981 [81 

Comments on Preferred Value 

Com.mcnto 

(a) 

The k", value derived here is preferred to the earlier value 
since it was derived from a proper fit of the fall-off curve. The 
temperature dependence chosen here corresponds to the normal 
behaviour of analogous reactions. 

Intermediate Fall-off Range 

From the preferred values one derives [NZ]e 
= 1.25 X 1020 molecule cm -3 at 298 K. The theoretically pre­

dicted Fe value of 0.45 ± 0.11 is in good agreement with the 
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fitted Fe of 0.5 ± 0.1 [8] at 298 K. For typical T-dependences of 
Fe' see the N205~N02 + N03 data sheet. 
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HOCI + hv~products 
Primary photochemical transitions 

Reaction 

HOCI + hv-->-HCl + Oep) (1) 
->HO+Cl (2) 

...... ClO+H (3) 
-..HCl + OeD) (4) 

230 
233 
39,3 
420 

520 
51H 

304 
285 

Absorption cross section data 

Wavelength range/nm Reference Comments 

311-352 Spence, Edney and Hanst, 1980 [1] (a) 

Comments 

(a) HOC] formed by irradiation of H20 2/Cl2/03 mixtures 
by light of wavelengths > 300 nm at T = 295 K. Optical path­
]p.ngth of 13.5 m was usea for the uv measurements. HOC! con­

centrations determined from the 1226 cm - I infra-red band us­
ing an absorption coefficient of 45 atm -I (Su et aI., 1979 [2]) .. 

A (nm) 

Preferred Values 

Absorption cross sections for HOCI photolysis at 298 K. 

102°u/cm2 .:i,(nm) 102ou/em2 

200 5.2 310 
210 6.1 320 
220 11.0 330 
230 18.6 340 
240 22.3 350 
250 18.0 360 
260 10.0 370 
270 6.2 380_ 
280 4.8 390 
290 5.3 400 
300 6.1 410 

Quantum yields for HOCI photolysis at 298 K. 
W2 = 1.0 for A. > 200 nm. 

6.2 
5.0 
3.7 
2.4 
1.4 
0.8 
0.45 
0.24 
0.15 
0.05 
0.04 

Comments on Preferred Values 

The preferred absorption cross sections are taken directly 
from the study of Knauth eta!' 1979 [3]. The studies ofJaffe and 

DeMore, 1977 [4J, Molina and Molina, 1978 [5], and Knauth e 
a1. [3] all derived absorption cross sections for HOCI from gal 
phase spectra of equilibrium mixtures of H20·CI20-HOC1. lr 
order to derive accurate absorption cross sections for HOCI tht 
value of K,q is required. The equilibrium constants determined 
by Knauth et al.. Jaffe and DeMore, and Niki et aI., 1979 [6] are 
in excellent agreement with a value of -0.08 at 298 K. The 
cross sections derived from Molina and Molina·s data recalculat­
ed using a value of -0.08 for Keq are in excellent agreement 
with the results of Knauth et al. (Molina and Molina's reported 
values were derived using a value of 0.25 for K.q .) The values of 
the absorption cross sections reported by Spence et al. are ap· 
proximately a factor of 2 greater than those preferred. These 
recommendations are unchanged from those given in the pre­
vious evaluation, CODATA, 1980 [7J where detailed discussion 
can be found regarding all experimental and theoretical studies 
of the HOCI ultraviolet spectrum. The preferred quantum yield 
values are based on the data reported by Molina ~11l1., 1 9HO 1Ft]. 
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COFCI + hv~products 
Primary photochemical transitions 

Reaction 

COFCI + hv--+CO + FCI 
--+COF+ Cl 
--+COCI + F 
--+CO + F+ CI 
--+CFCI + O(,P) 

(I) 
(2) 
(3) 
(4) 

(5) 

266 
378 
489 
517 
706 

Athreshold / nm 

450 
316 
244 
231 
169 

Note: J.Ho298 values are given since the heat offomration of COFCl at 0 K is not known. 

Preferred Values 

Absorption cross sections for COFCI photolysis at 298 K 

A (nm) 102°q/cm2 A (nm) 102Ou/cm2 

186.0 15.6 205.1 
187.8 14.0 207.3 
189.6 13.4 209.4 
191.4 12.9 211.6 
193.2 12.7 213.9 
195.1 12.5 216.2 
197.0 12.4 218.6 
199.0 12.3 221.0 
201.0 12.0 223.5 

203.0 11.7 226.0 

Quantum yields for COFCl photolysis at 298 K. 
No recommendation. 

11.2 
10.5 
9.7 
9.0 
7.9 
6.9 
5.8 
4.8 
4.0 

3.1 

Comments on Preferred Values 

The preferred values of the absorption cross sections are 
those reported by Chou et al. [1 J. Data attributed to Chou et a1. in 
Watson [2] has since been re\·ised. Although there have been no 

quantum yield studies of COFCI photolysis it is reasonable to 
assume that by analogy with COCl2 photolysis process (2) do­
minates. These recommendations are unchanged from those 
give in the previous evaluation, CODATA, 1980 [3]. 
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CION02 + hv~products 

Reaction 

f.IONO. + hv ...... f.IO + NO. 
--+CI + N03 
--+CIONO + O(3P) 
--+ClONO + O('D) 

(1) 

(2) 

(3) 
(4) 

109 
166 
306 
496 

Note: J.Ho298 values are given since the heats of formation of CION02 and CIONO at 0 K are not known., 
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1100 
721 
391 
241 
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Preferred Values 
Absorption cross sections for CIO:-l02 photolysis at 296 K, 243 K, and 227 K 

-.~.---

102Qu / cm2 

A/nm 296K 243K 227 K 

190 589 555 

195 381 358 
200 307 2911 
205 299 293 
210 329 330 
215 360 362 
220 344 348 
225 286 282 
230 210 206 
235 149 141 
240 106 98.5 
245 77.0 70.6 
250 57.7 50.9 52.6 
255 11..7 39.1 39.S 
260 34.6 30.1 30.7 
265 26.9 23.1 23.3 
270 21.5 18.0 18.3 
275 16.1 13.5 13.9 
280 11.9 9.98 10.4 
285 8.80 7.73 7.50 
290 6.36 5.36 5.45 
295 4.56 3.83 3.74 
300 3.30 2.61 2.61 

305 2.38 1.89 1.80 
310 1.69 1.35 1.28 
315 1.23 0.954 0.892 
320 0.895 0.681 0.630 

Quantum yields for ClON02 photolysis at 298 K. 
<1>2 = 1.0 for'?' > 260 nm. 

Comments on Preferred Values 

102ou/cm2 
A Inrn 296K 243 K 

525 0.055 0.502 

330 0.514 0.381 
335 0.397 0.307 
340 0.323 0.255 
345 0.285 0.223 
350 0.246 0.205 
355 0.218 0.183 
360 0.208 0.173 
365 0.179 0.159 
370 0.162 0.140 
375 0.139 0.130 
380 0.122 0.114 
385 0.108 0.100 
390 0.090 0.OB3 

395 0.077 0.070 
400 0.064 0.058 
405 0.055 
410 0.044 
415 0.035 
420 0.027 
425 0.020 
430 0.016 
436 0.013 

440 0.009 
445 0.007 
4S0 0.005 

References 

227 K 

0.403 

0.353 
0.283 
0.246 
0.214 
0.198 
0.182 
0.170 
0.155 
U.14:O 

0.128 
0.113 
0.098 
0.092 

0.069 
0.056 

[l] Molina, L. '1' .• and Molina, M. J., 1. Photochem. 11, 139 (1979). 

473 

The preferred values of the absorption cross-sections are 
those of Molina ;~d Molina, 1979 [1], and the preferred quan­
tum yields are based on the data of Chang et aI., 1979 [2]. These 
recommendations are unchanged from those given in the pre­
vious evaluation, CODATA, 1980 [3] where detailed discussion 
can be found. 

[2] Chang, J. S., Barker,j. R., Oavenport,J. E., and Golden, D. M., Chem. Phys. 

Iteaction 

COCl, + hv ..... CO + CI, . 
..... COCI + Cl 
..... CO+2CI 
..... CCI2 + Ofl~) 

(1) 
(2) 
(3) 

(4) 

Lett. 60, 385 (1979). 
[3] CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hampson, R. F., jr., Kerr, 1. A., Troe, J., and Watson, R. T., j. Ph),s. 
Chern. Ref. Data 9, 295 (1980). 

COCI2 + hv-+products 
Primary photochemical transitions 

llO 
324 
352 
707 

1087 
369 
340 
169 

Note: iJ.Ho 298 values are given since the heat of formation of COCI at 0 K is not known .. 
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Preferred Values dings and Innes (6] reported an absorption maximum at 232 nm 

Absorption cross sections for COCI2 photolysis at 298 K which is in excellent agreement with the set of preferred values. 

A (nm) 10,oa/cm2 A (nm) 102°alcm2 

lR4..9 204 211.(; 

186.0 189 213.6 
187.8 137 216.3 
189.6 117 218.6 
191.4 93.7 221.1) 
193.2 69.7 223.5 
195.1 52.5 226.0 
197.0 41.0 240.0 
199.0 31.8 250.0 
201.0 25.0 253.7 
203.0 20.4 260.0 
205.1 16.9 270.0 
207.3 15.1 280.0 
209.4 13.4 

Quantum yields for COC12 photolysis at 298 K. 
(}>2 = 1 for it. > 184.9 urn. 

Comments on Preferred Values 

12.2 
11.7 
11.6 
11.9 
12.3 
12.8 
13.2 
12.2 
8.36 
6.74-

4.43 
1.58 
0.53 

The preferred values of the absorption cross sections are 
those reported by Chou et al. [4] for 184.9 nm<A.<226 nm, and 
Okabe [3] for 240 nmo;;;A.o;;;280 nm. The values reported by 
tleickleu 111 and Okabe l3] for the absorption cross section at 
253.7 nrn agree to within -4%. The relative values of the abo 
sorption cross sections with wavelength reported by Moule and 
Foo [2J are in good agreement with the preferred values. Gid· 

From the observations ofWijnen [5], Heicklen [1] and ear· 
lier investigators [7], it can be assumed that process (2) is the 
primary photolysis pathway. The photolytic product COC! is 
assumed to undergo rapid thermal dissociation into CO and Cl 
due to the weak CI-CO bond (-25 kJ [8]). Both Giddings and 
Innes 16] and Henri and Howell [9] noted diffuseness in their 
spectra of COC12 • 

These recommendations are unchanged from those given 
in the previous evaluation, CODATA, 1980 [10] where detailed 
discussion can be found. 
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Primary photochemical transitions 

Reaction 

CF, Cl2 + hv-..CF2 + CI2 
-..CF.CI+CI 
.....cFCI+ FCI 
-..CFCI2 + F 
-..CF2 + 2CI 
.....cFCI+F+CI 

(1) 
(2) 

(3) 
(4) 
(5) 

(6) 

311 
346 
473 
477 
554 
724 

Note: .tlH· 298 values are given since the heats of formation of CFCl2 and CF 2Cl at 0 K are not known. 
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385 
346 
253 
251 
216 
165 
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Preferred Values 

Absorption cross sections for CF zCl2 photolysis at 298 K 

A (nm) A (nm) lQ2Ga-fem2 

170 124 200 8.84 
172 151 202 5.60 
174 171 204 3.47 
176 183 206 2.16 
178 189 208 1.32 
180 173 210 0.80 
18:': 157 21.2 0.48 

184 137 214 0.29 
186 104 216 0.18 
188 84.1 218 0.12 
190 I'\9.R 220 0.068 
192 44.5 225 0.022 
194 30.6 230 0.0055 
196 20.8 235 0.0016 
198 13.2 240 0.00029 

Absorption cross sections for CF2CJ2 photolysis at tern· 
peratures below 298 K. O"T = 0"298 exp(B (A - 1849) 
(T - 298» for wavelength;{ (in Angstron units) and absolute 
temperature, T. The value of B is 4.1 X 10-5• 

Quantum Yields for CF2CI2 photolysis at 298 K 

.l(nm) .p, .p, 

170 0.59 0.41 
180 0.62 0.38 
190 0.67 0.33 
200 0.74 0.26 

Comments on Preferred Values 

The, preferred absorption cross sections at 298 K are der­
ived by taking the mean of the values reported by Rowland and 
Molina, 1975 [1], Robbins et aI., 1975 [2], Bass and Ledford, 
1976 [3], Chou et aI., 1977 [4], Hubrich et aI., 1977 [5] and 
Vanlaethem·Meurre et aI., 1978 [6]. The temperature depen­
dence of the absorption cross sections can be adequately de­
scribed by the expression shown with a preferred value of 
4.1 X 10-5 for B which is a weighted average of all the derived 
values from references [3-6], and Rebbert and Ausloos, 1975 
[7]. At wavelengths shorter than 184.9 nm the absorption cross 
sections are not expected to exhibit any significant temperature 
dependence, indeed, Hubrich et a1. [5] show slightly higher val­
ues for below 184.9 nm at 208 K. 

The preferred values for (/>2' the quantum yield for CF 2C1 
production, were derived by fitting a smooth curve (s-shaped) to 
the data points reported by Rebbert and Ausioos [7] at 163.3 nm 
(Q>2 = O.~6), 1~4.Y nm (Q>2 =0.(4), 210.9 nm (Q>z = 0.91), 
and >230 nm (rJ>2 assumed to be unity) and interpolating 

) (nm) W, w, 

210 0.85 0.15 
220 0.96 0.04 
230 1.0 
240 1.0 

between these points. The values shown for <P5 , the quantum 
yield for Cel2 production are calculated assuming that 
(/>2 + (/>s = 1. 

These recommendations are unchanged from those given 
in the previous evaluation, CODATA, 1980 [8], where detailed 
discussion can be found. 
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Reaction 

CFCll + hv--+CFCI2 + CI 
--+CFCI+ CI2 

--+CCll + F 
--+CCI, + FCI 
--+CFCl+2Cl 
--+CCI2 + F + CI 

(1) 
(2) 

(3) 

(4) 
(5) 

(6) 

BAULCH ET AL. 

CFCI3 + hv-products 
Primary photochemical transitions 

310 
315 
444 
472 
558 
724 

Alhreehold / nm 

386 
380 
269 
253 
214 
165 

Note: ilH' 298 values are given since the heat of formation of CFCI, at 0 K is not known. 

Absorption cross section data 

Wavelenth rauge/um Reference Comments 

230-260 Hubrich and Stuhl, 1980 [1) (a) 

Comments 

(a) Absorption cross sections determined at 5 nm intervals 
using both 10 and 100 cm long cells at 298 K. In addition, 
absorption cross sections relative to those for CCI4 , were deter-

J. Phy*. Chem. Ref. Data, Vol. 11, No. 2,1982 

mined using a photochemical technique (rate of decay of NO in 
NO/N2/CX4 mixturc3) nt 253.7 nm ana for the wavelength 

range 280-.375 nm. The photochemical technique produced re­
sults atA 253.7 nm consistent with the results obtained using 
the conventional approach, and it was shown that 0 was 
< 10-26 cm2 molecule- l between 280 and 375 nm. 
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Preferred Values 

Absorption cross sections for CFCl3 photolysis at 298 K 

A (nrn) A (nrn) 

170 316 210 15.4 
172 319 212 10.9 
174 315 214 7.52 
176 311 216 5.28 
178 304 218 3.56 
180 308 220 2.42 
182 285 222 1.60 

184 260 224 1.10 
186 233 226 0.80 
188 208 228 0.55 
190 178 230 0.35 
192 149 235 0.126 
194 123 240 0.0464 
196 99 245 0.0173 
198 80.1 250 0.00661 
200 64.7 2GG 0.00037 
202 50.8 260 0.0014-7 
204- 38.8 
206 29.3 
208 21.2 

Absorption cross sections for CFel3 photolysis at temperatures below 298 K 

102°ulem2 

A (nm) 

190 
195 
200 
205 
210 
215 
220 
225 
230 

210K 

178 
105 

5R 
28 
10.8 
3.8 
1.2 
0.48 
0.18 

225 K 

178 
107 
60 
30 
11.9 
4.2 
1.4 
0.48 
0.18 

~40 K. 

278 
108 
61 
31 
13.1 

4-.8 
1.5 

178 
109 
·6,) 

32 
13.6 

5.2 
1.7 

Quantum yields for CFCl3 photolysis at 298 K 

ACnm) 

160 
170 
180 
190 

Comments on Preferred Values 

<P, <Ps 

0.48 0.52 
0.57 0.43 
0.66 0.34 
0.74 0.26 

The preferred absorption cross sections at 298 K are der­
ived by taking the mean values reported by Rowland and Mo­
lina, 1975 [2], Robbins et aI., 1975 {3], Bass and Ledford, 1976 
[4], Chou et aI., 1977 [5], Hubrich et aI., 1977 [6], Vanlaethem­
Meuree et aI., 1978 [7] and Hubrich and Stuhl, 1980 [1] for the 
wavelength range -180 nm~A~230 nm. The values shown for 
A = 230-240 nm are those reported by Hubrich et al. {6] and 
Hubrich and Stuhl [1]. The recent results of Hubrich and Stuhl 
[1] are preferred for ii.;;'240 nm. The temperature dependence 
of the absorption cross sections cannot be fitted to a simple 
expression relating 0" and T as was the case for CF 2C12' However, 
the magnit\l(lp. of th" temperature dependence of the CFCl3 ab­
sorption cross sections near 200 nm is much smaller than for 
CF2CI2• The temperature dependences reported by Bass and 
Ledford [4], Chou et al. [5J and Hubrich et a1. [6] are in good 
agreement and are used to derive the preferred values below 

A (nm) <P, <Ps 

200 0.84 0.16 
210 0.94 0.06 
220 1.0 
230 1.0 

298 K. However, the low temperature data of Yanlaethem­
Meurre et aJ. [7] is in less satisfactory agreement and they re­
ported a temperature dependence for a even at short wave­
lengths, i.e., A~200 nm which is inconsistent with the data 
reported in the other studies [4-6]. 

The preferred values for 4>], the quantum yield for CFCI2 
production, were derived by fitting a smooth line to the data 
points reported by Rebbert and Ausloos [8] at 163.3 nm 
(4)] = 0.5), 184.9 nm (4)] = 0.7),213.9 nm (4)] = 0.98), and 
230 nm (4)1 assumed to be unity), and interpolating between 
these points. The values shown for <1>5' the quantum yield for 
CFCI production, are calculated assuming that 4>1 + 4>5 = 1. 

These recommendations are unchanged (except for A;;.240 
nm) from those given in the prf'violJ!\ p.valllatinn, r.OOATA, 

1980 [9}, where detailed discussion can be found. 
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(6) Huhrich, c.. Zetzsch, C., and Stuhl, r., Ber. Bunsenges. Phys. Chern. 81, 

19) CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 
Hampson, R. r., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J_ Phys. 
Chern. Ref. Data 9, 295 (1980). 

Reaction 

CCI4 + hv ...... CC13 + CI (I) 
---CCll + CI2 (2) 
-.CCI2 + 2CI (3) 
...... CCI + el2 + CI (4) 

Wavelength range/nm 

160-275 

Comment. 

CCI4 + hv ___ products 

Primary photochemical transitions 

294 
332 
572 
716 

Absorption cross section data 

Reference 

Hubrich and Stu hI, 198011) 

(a) Absorption cross sections determined at 5 nm intervals 
at 298 K. 

J, Phy •• Chwm. R.f. Data, Vol. 11, No.2, 1982 

407 
360 
209 
167 

Comments 

(a) 
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Preferred Values 

Absorption cross sections for eel. photolysis at 298 K 

..1. (nm) ;((nm) 

174 995 218 21.8 
176 1007 220 17.0 
178 976 222 13.0 
180 772 224 9.61 
182 589 226 7.19 
184 450 228 5.49 
186 318 230 4.07 
188 218 232 3.01 
190 144 234 2.16 
192 98.9 236 1.51 
194 74.4 238 1.13 
190 68.2 240 0.784 

198 66.0 242 0.579 
200 64.8 244 0.414-
202 62.2 24-6 0.314 
204- 60.4- 248 0.240 
206 56.5 250 0.183 
208 52.0 255 0.0661 
210 46.6 260 0.0253 
212 39.7 265 0.0126 
214 33.3 270 0.0061 
216 27.2 275 0.0024 

Absorption cross sections for eel. photolysis at 279 K 

..1. (nm) 1 020q l cm2 

190 146.9 
192 99.2 
194- 76.7 
196 69.5 
198 68.0 
200 66.0 
202 63.8 
204 60.9 
206 57.4 
208 52.9 
210 471 
212 40.8 
214- 33.9 

A. (nm) 

216 
21R 

220 
222 
224-
226 
228 
230 
232 
234-
236 
238 

27.4 
22.0 

17.5 
13.4 
9.72 
6.90 
5.13 
3.67 
2.52 
1.67 
1.17 

0.79 

Quantum yeiJds for eel. photolysis at 298 K. 

..1. (nm) '1>1 '1>3 

170 0.3 0.7 
180 0.36 0.64 
190 0.46 0.54 
200 0.63 0.37 

Comments on Preferred Values 

The preferred values of the ab50rption cro::.::. ::.ectiun" at 

298 K are derived by taking the mean of the values reported by 
Gordus and Bernstein, 1954 [2], Rowland and Molina, 1975 [3], 
Robbins et aI., 1975 [4], and Vanlaethem·Meurre et aI., 1978 
[5]. The agreement between the values reported in these studies 
and that of H ubrich and Stuhl [1] is excellent, better than 10%, 
over the entire wavelength range. The values of (j at A. > 250 nm 
are from the study of Hubrich and Stuhl [1] alone (atA. = 253.7 
nm the value of (j is in good agreement with that reported by 
Davis et aI., 1975 [6]). The preferred values of the absorption 
cross sections at 279 K are those reported by Vanlaethem· 
Meurre et a1. [9] and represent the only data below - 298 K. A 

..1. (nm) '1>, '1>3 

210 0.83 0.17 
220 0.96 0.04 
230 1.0 
240 1.0 

comparison of the two sets of preferred values illustrates that (J 

exhibits no temperature dependence within the stratospheri,: 
window, i.e., -180-220 nm. At wavelengths greater than 2:lO 

nm the results of Vanlaethem·Meurre et aI. [SJ, Curie 1'1 al.. 
1974 [7], and Rebbert and Ausloos, 1976 [81 all SU~~('st lhal (J 

exhibits a strong temperatnre clepenclenCf' 
The preferred values for <PI' the quantum yield for (:(:1, 

production, were derived by fitting a smooth s.sl"lJ",d e" rVI' I" 
the data points reported by Davis et al. I()I al IBtJ,.') JIll I 

(<P. = 0.4) and 253.7 nm (<P, = 1), awllty H,·j,I",rl and Aus­
loos [8] at 163.3 nm (<P. = 0.25) and 21 :~ .. ) Illll (</») == 0.'), all11 

interpolating between these poinls. Tlw valtws showlI for <P" 
the quantum yield for CCI2 produci ion, ,In: <:alculaled assuming 

that <PI + <P3 = 1. 

J. Phys. Chern. Ref. Data, Vol. 11, No.2, 1982 
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The recommended values are unchanged from these given 
in the previous evaluation, CODATA, 1980 [9], where detailed 
diS~lI!;",ion ('8n be found (the table has been expanded to inolude 

the wavelength region, 250 nm<Il.<275 nm). ' 

References 

[II Huhrich, C., and Stuhl, F.,J. Photochern. 1293 (1980). 
[21 Gordus, A. A., and Bernstein, R. B., J. CheRI. Phys. 22, 790 (1954). 
(3J Rowland, F. S., and Molina, M. J., Rev. Geophys. Space Phys. 113, I 

(1975). 

[4] Robbins, D. E., Rose, L. T., and Boykin, W. R., Johnson Space Center 
Internal Note JSC·09937 (1975). 

[5J Vanlaethern-Meuree, N., Wisernberg, J., and Simon, P. C .. Bull. Acad. R. 
Belgique, CL Sci. 64, 23 (197B). 

[6j Davis. D. D .• Schmidt, J. F., Neeley, C. M., and H~nrahan, R. 1., 1. Phys_ 
Chem. 79, 11 (1975). 

[7J Curie, J., Sidebottom, H. W., and Tedder, 1. M., Int.J. Chem. Kine!. 6, 481 
(1974). 

[8] Rebbe",:, R. E., and Ausloos, P. J., J. Photochem. 6, 265 (1976/77). 
[9] CODAl A Task Group on Chemical Kinetics, Baulch, D. L.. Cox, R. A., 

Hampson, R. F., Jr., Kerr, j. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Rp.f Iht. 9. 295 (1980). 

5,B, Bromine Compounds 

Sr + HO~HBr + O2 

AHO = - 159 kJ mol-I 

Rate coefficient data 

Absolute Rate Coefficients 

2.2X ( ±factor2) 

Relative Rate Coefficients 

(4.0±O.8)X10- J2 

and 

2.0XlO- 1I 

l.OX 10- 11 

No recommendation 

Comments 

Temp.lK 

298 

773 

298 
298 
298 

(a) Discharge flow: mass spectrometric detection of H 02' 
(b) Inhibition of the second limit in the thermal reaction 

between hydrogen and oxygen in the presence of hydrogen bro­
mide. k 1 k (H + H02-2HO) reported to be (0.125 ± 0.025) at 
773 K. Combining this ratio with the CODATA preferred value 
of 3.2 X 10 -II cm3 molecule -I s -I for k (H + H02-2HO) at 
298 K results in a value of 4.0 X 10- 12 cm3 molecule -I s -I for 

k at 773 K (this ohviously assumes that the H + H02-2HO 
rate constant is temperature invarient). The system is complex 
and several of the rate constants of key reactions used to analyze 
the data are now thought to be incorrect, e.g., k (H02 + H02 ) 

andk (HO + H20 2). Besidesvaryingthek Ik (H + H02-2HO) 
ratio, the value of k (Br + HZ0 2 } was treated as an unknown (a 
value of (1.7 ± 0.8)X 10- 13 cm3 molecule-I S-I for 
k (Bf + H20 2) at 773 K was reported). 

(c) Estimate. 
(d) No recommendation. Suggested range (1-500) X 10- 13 

cm3 molecule -I s -I. 

Preferred Values 

No recommendation. 

Comments on Priferred Values 

No recommendation until there are further experimental 
data. The previous CODATA [4] value was an estimate which 

J. '·ilV •. Chom. Ref. Data, Vol. 11, No.2, 1982 

Reference 

Posey, SherweIJ, and Kaufman, 1981 [lJ 

CI.rk, Simmons, and Smith, 1969 [2] 

NASA, 1979 [3] 
r.ODATA, !9BOI4) 
NASA, 1981 [5] 

Comments 

(a) 

(L) 

(e) 
Ie} 

(d) 

assumed that the reactivity of H02 with atomic chlorine and 
atomic bromine would be similar, i.e., dose to gas kinetic. The 
experimental value reported by Posey et al. at 298 K seems 
surprisingly low for such an atom-radical reaction although it i.s 
not inconsistent with the value reported by Clark et al. for k at 
773 K assuming that the E 1 R value is -1400 K, i.e. 
k~2.5XlO-11 exp( - 14001T) cm3 molecule-I S-I. How· 
ever, the value reported by Clark et al. is questionable due to the 
uncertainty in several of the key rate constants needed to ana­
lyze the complex reaction system. The value of k reported by 
Posey et al. may be approximately correct as their provisional 
value for k (Cl + H02) is within a factor of 3 of the CODATA 
preferred value. 

References 

! 1 J Posey, J., Sherwell, J., and Kaufman, M., Chern. Phys. Lett. 77,476 (1981). 
[2) Clark, D. R., Simmons, R. F., and Smith, D. A., Trans. Faraday Soc. 66, 

1423 (1969). 
[31 NASA Ref. Pub!. #1049. "Th .. Str.t"'phpre, Pre.en, and Future," ChApter 

1, R. D. Hudson.and E.I. Reed, editors (1979). 
14j CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9. 295 (1980). 

[5J NASA Panel for Vata Evaluation, "Chemical Kinetic and Photochemical 
Data for Use in Stratospheric Modelling," W. B. DeMore, L. J. Stief, D. 
M. Golden, R. F. Hampson, M. J. Kurylo, J. J. Margitan, M. J. Molina, 
and R. T. Watson, JPL Pub. #81-3 (1981). 
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AHO = - 2 kJ mol- I 

Rate coefficient data 

k lem3 molecule-I s-' 

Absolute Rate Coefficients 

'<1.5XlO- 15 

<3.0XlO- 15 

<2.0Xl0- 'S 

Relative Rate Coefficients 

(1.7 ± 0.8) X 10- 13 

ReviewllI oi.tml E"u.lu.aliuns 

2.0X 10- 12 exp( - (> 14001T)) 
(2XlO- 14 

LOX 10-" exp( - (> 2650IT)) 

Comments 

Temp.!K 

298 
417 
298 

773 

200-300 
298 
200-300 

(a) Discharge flow: mass spectrometric detection of H20 Z' 

(b) Derived from a complex system. Inhibition of the sec· 
ond limit in the thermal reaction between hydrogen and oxygen 
in the presence of hydrogen hromide. Sec comment (b) Oll III", 

Br + H02 data sheet. 
(c) Upper limits based upon provisional data reported by 

Leu. 
(d) Based on the data ofreferences [1] and [2]. 

Preferred Value 

k <2X 10-15 cm3 molecule-I S-I at 298 K. 

Comments on Preferred Value 

Based on the data of references [1] and [2]. This upper limit 
at 298 K is consistent with value of 1.7 X 10- 13 cm3 mole-

Reference 

Leu, 1980 [1] 

Posey, Sherwell, and Kaufman, 1981 [2] 

Clark, Simmons, and Smith, 1969 [3] 

NASA, 1979 [4] 
CODATA, 1980 [51 
NASA, 1981 [6] 

Comments 

(a) 

(8) 

(b) 

(e) 
(e) 
(d) 

cule -I s -I at 773 K assuming a pre.exponential of 
- 1 X 10- II cm 3 molecule - 1 S -I for the reaction. 

References 

[1) Leu, M. T., Chern. Phys. Lett. 69, 37 (1980). 
[2) Posey, J., and Sherwell, J., and Kaufman, M., Chern. Phys. Lett. 77. 476 

(1981). 
[3) Clark, D. R., Simmons, S. F., and Smith, D. A., Trans. Faraday Soc. 66, 

1423 (1969). 
[4) NASA Ref. Publ. #1049, "The Stratosphere: Present and Future," Chapter 

I, R. D., Hudson and E.!. Reed, editors (1979). 
[5) CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hampson, R. r.o Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

(6) NASA Panel for Oat. F.v.h,.tion, "Chemi""l Kinetio And Photoehem;c.al 
Data for Use in Stratospheric Modelling," W. B. DeMore, L. J. Stief, D. 
M. Golden, R. F. Hampson, M. J. Kurylo, 1. J. Margitan, M. J. Molina, 
and R. T. Watson,JPL Pub!. #81-3 (1981). 

Br + H2CO~HBr + HCO 
AHO = - 2.1 kJ mol- I 

Rate coefficient data 

k Icm3 molecule-I S-I 

Absolute Rate Coefficients 

(1.6± 0.3)X 
(1.44 ± 0.62) X 10-" ~xp( (150 ± 112)/1') 

(1.08 ± 0.10) X 10- 12 

Reviews and Evaluations 

!.4XlU- 1I exp( -750fT) 

Comments 

Temp./K 

298 
22iS-4l:lU 

298 

223-480 

(a) Discharge flow·ESR detection of atomic bromine. 
(b) Flash photolysis-resonance fluorescence detection of 

atomic bromine. 
(c) Based on reference [2]. 

Reference 

LeBras et al .. 1980 [1] 
Nava, Michael, and Stief, 1981 [2] 

NASA, 1981 [3] 

Preferred Values 

Comments 

(a) 
(b) 

(e) 

k = 1.1 X 10-12 cm3 molecule- t S-I at 298 K. 
k = 1.4XI0- 11 exp( -750fT) cm3 molecule-I S-I 

over range 223-480 K. 
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Reliability 

..:i logk= ± 0.2 at 298 K . 

..:i (E / R ) = ± 250 K. 

Comments on Preferred Values 

There have been two determinations of k at 298 K which 
are not in good agreement. The preferred values are taken from 
the study of Nava et aI., as the value of 
k (CI + H2CO-+HCI + HCO) determined by LeBras etal., in the 

same study was - 35% lower than the CODATA preferred val­
ue . 

References 

[1] LeBras, G., Foon, R., Poulet, G., and Combourieu, J., Proceedings of the 
NATO Advanced Study Institute on Atmospheric Ozone, Report FAA· 
EE·80·20, 497 (1980). 

[2] Naya, D. F., Michael, J. V., and Stief, L. J., J. Phys. Chern. 85,1896 (1981). 
[31 NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 

Data for Use in Stratospheric Modelling," W. B. DeMore, L. J. Stief, D. 
M. Golden, R. F. Hampson. M.J. Kurylo, J. J. Margitan, M.l. Molina, 
and R. T. Watson, JPL Pub\. #81-3 (1981). 

BrO + N02 + M~BrON02 + M 
..:iH· = - 138 kJ moI- 1 

Low pressure rate coefficients 

Rate coefficient data 

Absolute Rate Coefticients 

Reviews and Evaluations 

3X 10-31 (T 1300) -.1.0 IN,l 
5XIO- 31 (TI300)-4·QIN,1 

Comments 

298 

200-400 
200-300 

(a) Two independent studies, one using a discharge flow­
mass spectrometric technique for pressures 1-6 Torr, the other 
using a nash photolysis-uv absorption technique for pressures 
50-700 Torr. BrO was formed by the reaction Br + 0 3 

-+BrO + 02' A major part of the fall·off curve was observed and 
anl1.ly?p.rl hy the technique of ref_ [2], '" fit of Fe giving the same 
value as the theoretical prediction. 

(b) Based on preliminary data by the authors of ref. [1]. 
(c) Based on ref. [1]. 

Preferred Values 

ko = 5.0 X 10-31 [N2] cm3 molecule -IS -I at 298 K. 
ko = 5.0 X 10 -31 (T /300) - 3.0 [N 2] cm3 molecule -I s - 1 

over range 200-400 K. 

Reference 

Sander, Ray, and Watson, 1981 [I] 

CODATA, 1980 [31 
NASA, 1981 [4] 

Reliability 

.:i log ko = ± 0.3 at 298 K. 

.:in = ± lover range 200-400 K. 

Comments on Preferred Values 

Comments 

(n) 

(h) 
(c) 

This value is the result of two independent measurements 
from the same authors. Therefore, independent confirmation is 
required. The temperature coefficient is estimated by analogy 
with the CIO + NOz reaction. A measurement or a theoretical 
calculation of the T-dependence as described in ref. [2J is re­
quired. 

High pressure rate coefficients 

Absolute Rate Coefficients 

(2±\':~)XlO-11 

Reviews and Evaluations 

Temp.lK 

298 

200-400 

J. Phy •. Chern. Ref. Data, Vol. 11, No.2, 1982 

Rate coefficient data 

Reference Comments 

Sander, Ray. and Watson, 1981 [I] (a) 

CODATA, 1980 [31 (b) 

. __ ._--------
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Comments 

(a) See comment (a) for ko' Value obtained from a fit of the 
fall-off curve. 

(b) Estimated by analogy with the CIO + N02 reaction. 

Preferred Value 

k"" = 2X 10- 11 em' molecule-I s-\ over range 200-
400K. 

Reliability 

.:1 log k", = ± 0.3 over range 200-400 K. 

Comments on Preferred Value 

This is a reasonable value for a reaction of this type; how­
ever, an independent confirmation is required. 

Intermediate Fall -off Range 

From the preferred values one calculates [N2Je 
=4.0Xl0 19 moleculecm- 3 at 298 K. The fitted Fe 
= 0.4 ~ g:b5 and the theoretically predicted value of Fe 
= 0.41 ± 0.11 at 298 K from the analysis of ref. [1] agree very 
well. Since no special analysis for the BrNO) system itself is 
availahle, the temperatm:e <lepel\<lel\<:.e \}\ Fe I>n\}ul<l he el>t;,:mat­
ed by analogy with the NzOs-+NOz + N03 reaction (see data 
shet:t). 

References 

[1J:iander, :i. I'., Kay, t>. W., and Watson, K. T.,J.l'ltys. Cltem.l:l5, 199(19111) . 
121 Troe, J., J. Phys. Chern. 83, 114 (1979). 
[3] CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hampson, R. F., Jr., Kerr, 1. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. D~ta 9, 295 (19!lO). 

[4J NASA Panel for Data Evaluation, "Chemical Kinetic and Photochemical 
Data for Use in Stratospheric Modelling," DeMore, W. B., Stief, L. J., 
Golden, D. M., Hampson, R. F., Jr., Kurylo, M. J., Margitan, J. J., 
Molina, M. J., and Watson, R. T.,JPL Pub!. 81-3 (19811. 

Bra + hV-l>products 

Primary photochemical transitions 

BrO +hv-Br+ 
-Br+ 

Reaction 

(l) 
(2) 

Preferred Values 

Absorption cross sections for BrO photolysis at 298 K. 
No recommendation. 
Quantum yields for BrO photolysis at 298 K. 
<PI = l.0 for A. > 289 nm. 

Comments on Preferred Values 

This recommendation is unchanged from the previous eva­
luation, CODATA, 1980 [1] where detailed discussion of all 
experimental ah&orption cross section studies can be ~ouna, i.e., 
Clyne and Cruse, 1970 [2], Brown and Burns, 1970 [3J, Basco 
and Dogra, 1971 [4], and Sander and Watson, 1981 [5J. The 

232 
422 

515 
283 

extensive predissociation observed by Durie and Ramsay [6] 
indicates that the value of <P I should be taken to be unity for all 
vibrational bands within the A-X system. 

References 

[I) CODATA Task Group on Chemical Kinetics, Baulch, D. [~, Cox, R. A., 
Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

[2J Clyne, M. A. A., and Cruse, H. W., Trans. Faraday Soc. 66,2214 (1970). 
l31 Brown, I., and 811m'!., G., Ca"". 1. Cn<1-m. 4£, Mel ~lq1<l>. 
14J !lasco, N., and Uogra, S. U., Proc. R. Soc. London Ser. A 323, 41 (1971). 
[5] Sander, S. P., and Watson, R. T., In press, J. Phys. Chern., (1981). 
[6] Durie, R. A., and Ramsay, D. A., Can. J. Phys. 36,35 (1958). 

HOBr + hV-l>products 
Primary photochemical transitions 

====e-========","-==================._=--=,.-,:,-=-~;-_,-.. ,:,._._.:.= '0;-"::: 

Reaction 

HOEr+ + 
-fiBr + (Ie!') \2) 
-BrO+H (3) 
-HEr + O('D) (4) 

231 
293 
423 
483 

Note: .1.H'298 values are given since the heat of fonnalion of HOBr at 0 K is not known. 

SIB 
409 
283 
248 
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Preferred Values 

In the absence of experimental data for HOBr in the gas 
phase, it is suggested that the modellers use the absorption cross 
section data for HOCI (see table of preferred values) red-shifted 
by 30 nm. Anbar and Dostrovski reported aqueous phase spec­
tra for both HOBr and HOCl. From this data it can be seen that 
the values of O"ma. were comparable, but the absorption maxima 

(HOCI (230 nm), HOBr (260 nm» were displaced by 30 nm. By 
analogy with HOC} it is probable that (]>I is unity for all wave­
lengths >200 nm. 

References 
[1] Anbar, M., and Dostrovski, 1.,1. Chern. Soc .• London, Part I, 1105 (1954). 

BrON02 + hv-+products 
Primary photochemical transitions 

Reaction 

BrON02 + hv-BrO + N02 (1) 
-Br+N03 (2) 
..... BrONO + Oep) (3) 
-BrOl\O + OeD) (4) 

138 
163 
306 
496 

Atht'e!lhold I nm 

866 
734 
391 
241 

Note: ilH·298 values are given since the heat of formation of BrON02 and BrONO at 0 K are not known. 

Preferred Values 

Absorption cross sections for BrON02 photolysis at 298 K 

A (nm) 1020 "!em2 .l (nm) 1020 C"/om2 

186 1500 280 29 
190 1300 285 27 
195 1000 290 24 
200 720 295 22 
205 430 300 19 
210 320 305 18 
215 270 310 15 
220 240 315 14 
225 210 320 12 
230 190 325 11 
235 170 330 10 
240 130 335 9.5 
245 100 340 8.7 
250 78 345 8.5 
255 61 350 7.7 
260 48 360 6.2 
.265 39 370 4.9 
270 34 380 4.0 
275 31 390 2.8 

Quantum yields. 
No recommendation is given for the relative importance of 

the possible pathways since there are no data which provide a 
basis for a rer.ommennation. 

Comments on Preferred Values 

The recommended values are taken from Spencer and 
Rowland. 1978 [1] and are unchanged from those given in the 
previous evaluation, CODATA, 1980 [2] where detailed discus­
sion can be found. 

References 

[1] Spem;er, J. E., and Rowland, F. S., J. Phys. Chem. 82, 7 (1978). 
[2] CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 

Hampson, R. F., Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

5.9. Iodine Compounds. 

/JH' = - 314 kJ mol-I 

Rate coefficient data: no experimental data available. 

Preferred Value 
Reliability 

k = 5X 10- 11 cm3 molecule-I 5- 1 at 298 K. A. ·log k = ± 0.5 at 298 K. 

J.- Phv •. Chem. Ref. Data, Vol. 11, No.2, 1982 
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Comments on Preferred Value 

This estimate is probably accurate to within a factor of 3, 
and is based upon the assumption that the reactivity of 10 is 
similar to that of CIO and BrO (this is true in the case of 
XO + NO where X = F, CI, Br and I). The experimentally de­
termined rate constants for CIO and BrO at -298 K are 
5XIO- 11 cm3 molecule-I S-I and 3XIO- 11 cm3 mole-

LiHO = - 200 kJ mol-I 

cule --I s -I, respectively [1]. The temperature dependence of 

the rate constant is expected to be smalL 

References 

I J I CODATA Task Group on Chemical Kinetics, Baulch, D. L., Cox, R. A., 
Hampson, R. F .. Jr., Kerr, J. A., Troe, J., and Watson, R. T., J. Phys. 
Chern. Ref. Data 9, 295 (1980). 

Rate coefficient data 

k lem3 molecule-I ,-I 

Absolute Rate Coefficients 

(1.31. 0.5)X 10-11 

Comments 

Temp./K 

295 

(a) Discharge flow: EPR detection of HO. Psuedo first-or­
der conditions, (HI]o > [HOJo' 

Preferred Value 

k = 1.3 X 10- 11 cm3 molecule-I 8-
1 at 298 K. 

Reliability 

.1 log k = ± 0.5 at 298 K. 

Comments on Preferred Value 

In addition to determining k (HO + HI), Takacs and Glass 
also determined values for k (HO + Hel) [1] and k (RO + HBr) 

.1HO = - 91 k.1 mol-I 

Rate coefficient data: no experimental data available. 

Preferred Value 

No recommendation. 

Comments on f'rejerred VaLue 

No study ofthis reaction has been reported. Unfortunately 
it is difficult even to estimate this rate constant roughly. For 
such an atom-radical reaction the rate constant might be expect­
ed to be quite rapid, i.e., close to gas kinetic. However, while the 
rate constant for the Cl + H02 reaction is rapid, i.e., 

Reference Comments 

Taka~s and Chs., 1973 tIl \a) 

[2]. Whilp. thp. valllP' determined for k (HO + He!) is in excellent 
agreement with several other values, and is used in the deter­
mination of the CODATA preferred value, their value for 
k (HO + HBr) is a factor of - 2.5 lower than that reported in the 
only other study (Ravishankara et aI., 1979 [3]) of HO + HBr. 
At present the difference between the two values reported for 
k (HO + HBr) cannot be explained and as such cast doubts about 
the reliability of the value of HO + HI reported in ref. [1]. 

References 

[I] Takacs, G. A., and Glass, G. P.,1. Phys. Chern. 77, 1948 (1973). 
[2] Takacs, G. A., and Glass, G. P., J. Phys. Chern. 77, 1060 (1973). 
[3] Ravishankara, A. R., Wine, P. H., and Langford, A. 0., Chern. Phys. Lett. 

63,479 (l979) . 

k = 4.8X 10- 11 cm3 molecule-I S-I (CODATA preferred val­
ue), the only experimental study of the Br + H02 reactioll al 

298 K suggests a value of ~ 2 X 10- 13 cm3 molecule -- 1 S ._. I for 
k (Posey et a!. [1]). CUII~t:4Ut:lllly, tlIt:lt: it; lIU 1t:I'OII1I1I<::II.1,II;11I1 
for k (I + H02). Clearly studies of this reaction an' needed. 

References 

[1] Posey, J., Sherwell, J., and Kaufman. M .. 0"'111. "loy,. 1.<"11. 77. ·1·71, II ')!! I). 
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tlHO = - 78 kJ mol-I 

Rate coefficient data 

k Icm3 molecule-I S-I 

Absolute Rate Coefficients 

(8.3:t:)XIO- 1J 

Comments 

Temp.lK 

293 

(a) Discharge flow-ultraviolet ah~orptjon rlete('tion of °3 -

Minimal discussion of experimental conditions. Data analysis 
used the initial rate of decay of 0 3 as the atomic iodine concen­
trations decreased with reaction time due to heterogeneous loss 
of I on the flow tuhe walls. 

Preferred Value 

k = 1.0 X 10- 12 em3 molecule -1 s -1 at 298 K. 

Reliability 

tl log k = ± 1.0 at 298 K. 

Reference Comments 

Clyne and Cruse, 1970 [lJ (a) 

Comments on Priferred Value 

Limited experimental accuracy. The value of k (Br + 0 3) 

determined in the same system [2] was underestimated hy a 
factor of -3 from the CODATA preferred value. Consequently 
the accuracy of this determination of k is questionahle consider­
ing it presented additional experimental prohlems in this system 
over those in the Br + 0 3 system. Ohviously additional studies 
are required hoth at 298 K and as a function of temperature. 

References 

[l J Clyne, M. A. A., and Cruoe, H. W., Tran •• Fan.day Soc. 66, 2227 (197(). 
[2J Clyne, M. A. A., and Cruse, H. W., Trans. Faraday Soc. 66, 2214 (1970). 

10 + HO:z-;.Products 

Rate coefficient data: no experimental data available. 

Preferred Value 

No recommendation. 

Comments on Preferred Value 

No study of this reaction has heen reported. The rate con­
stant can only be very roughly estimated from consideration of 

similar reactions. There may be multiple reaction pathways (bi­
molecular and termolecular) as have been suggested for the 
CIO + H02 reaction. A rate constant similar to that for 
ClO + H02, i.e., k-5X 10- 12 cm3 molecule- I S-1 at 298 K 
may be expected. This value must be considered to be very un­
certain (to at least an order of magnitude). Clearly studies of this 
reaction are needed. 

I + NO + M __ INO + M 
LJ./r - - 75.0 kJ Illul- I 

Absolute Rate Coefficients 

(6.0 ± 2.5)X 10-33 (T 1300)- 1.0 [He] 
(1.6 ± 0.5) X 10-32 [N2] 

(9.5 ± 3)X 1O-33 IAr] 
(10.5 ± 3)X 10-33 [Ar] 
(fiO ± ?)X 10-33 [He] 
(10.3 ± 0.6)X 10-33 (T 1300)- 1.1 [Ar] 

Temp.lK 

320-450 
330 
330 
298· 
330 

298-328 

Low pressure rate coefficients 

Rate coefficient data 

Reference 

Van den Bergh and Troe, 1976 [1] 
Van den Bergh, Benoit-Guyot, and Troe, 1977 [2] 

Basco and Hunt, 1978 (3) 

Comments 

(a) 

(b) 

(e) 

""' --">"----- ---------------------.:------------------
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Comment. 

(a) Laser flash photolysis of I? at 694 nm in the presence of 
NO and He. He pressures between 1 and 200 atm. Observation 
of 12 and INO spectra. 

(b) As comment (a). Study of the effect of 14 different bath 
gases. Value for M = Ar at 298 K calculated with the value for 
330 K and the temperature coefficient from ref. [1]. 

(c) Flash photolysis of 12 in the presence of NO and Ar. 

Preferred Value. 

ko = l.8X 10-32 (T /300) - 1.0 [Nz] cm3 molecule-I s-I 
ov"r rJlne" 200-400 K. 

ko = l.OX 10-32 (T /300) -1.0 [Ar] cm3 molecule-I 8- 1 

over range 200-400 K. 

Reliability 

..:1logko = ± O.l. 

..:1n= ±0.5. 

Comments on Preferred Values 

Values for M = Ar from refs. [2] and [3] agree remarkahly 
well and are taken as preferred values. Collision efficiencies for 
He. Ar. and N2 follow the usual trends. 

High pressure rate coefficients 

Rate coefficient data 

k~ fcrn 3 molecule-I 5- 1 Temp.lK 

Absolute Rate Coefficients 

330 

Comment. 

(a) As comment (a) for ko• At He pressures of 200 atm, 
k=0.4 k., so that extrapolation of the fall·off curve is required. 
The k., value given represents a lower limit of k., , it could be at 
most a factor of 2 higher than given here. 

Preferred Value 

k"" = l.7X 10.- 11 cm3 molecule-I s-' over range 200-
400K. 

Reliability 

~ log k", :t 0.3 over range 200-400 K. 

Reference Comments 

Van den Bergh and Troe, 1976 [1] (a) 

Comments on Preferred Value 

Although there is only a single measurement of the fall-off 
curve, we are reasonably confident that the preferred value is 
close to the lower limit from ref. [1]. 

Intermediate Fall-off Rangr: 

From the preferred values one derives [NzL = 1.0 X 1021 

molecule em -3 at 298 K. The measured fall·off curve does not 
allow Fe to be derived with certainty. However, it should be near 
to 0.75 ± 0.15 at 298 K. 

Reference. 

[1] Van de Bergh, H., and Troe, J., J. Chern. Phys. 64, 736 (1976). 
[2] Van der Bergh, H., Benoit·Guyot, N., and Troe, J., Int. J. Chern. Kinet. 9, 

223 (1977). 
[3) Basco, N., and Hunt, J. E., Inl. J. Chern. Kinet 10,733 (1978). 

I + NOz + M--INOz + M 
..:1HO = - 79.7 kJ mol-I 

Absolute Rate Coefficients 

1.52 X 10-31 (T f300) - I ±O.5 [He) 
1.62 X 10-31 [He) 

Ternp.lK 

320-450 
330 

330 

Low pressure rate coefficients 

Rate coefficient data 

Reference 

Van den Bergh and Troe, 1976 {l) 
Van den Bergh, Benoit.Guyot, and 

Troe, 1977 [2] 

Comments 

la) 
(b) 

J. Phys. Chern. Ref. Data, Vol. 11, NO.2, 1982 
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Comments 

(a) From NOz catalyzed recombination of iodine atoms, 
iodine atoms being produced by laser flash photolysis at 694 
nm. Fall-off curve measured from 1 to 200 atm of He_ Only a 
short extrapolation to ko was required. 

(b) As commcnt (a). Efficienccs of 26 bath gasea studied_ 

Preferred Values 

ko = 2_9X 10-31 [Nzl cm3 molecule-I S-I at 298 K. 
ko =2.9X10-31 (TI300)-1 [N21 cm3 molecule- I 

S-I 

over range 298-450 K. 

Reliability 

.<1 log ko = ± 0.3 at 298 K. 

.<1n = ± 0.5 over range 298-450 K. 

Comments on Pro/erred Values 

Results from a single laboratory only_ Independent confir­
mation is required_ The value for M = N2 at 298 K was derived 
from the measurements at 330 K and the T-dependence for 
M = He_ The value of n is assumed to be identical for He and Nz-

High pressure rate coefficients 

Rate coefficient data 

k~ Icml molecule-I S-I 

Absolute Rate Coefficients 

6.6X10- 1I 

Comments 

Temp.lK 

320-450 

(a) See comment (a) for ko• Only a short extrapolation of the 
fall-off curve toward the high pressure limit was required. 

Preferred Value 

k"" = 6.6X 10- 11 cm3 molecule- I S-I over range 300-
400K. 

Reliability 

.<1 log k"" ± 0_3 over range 300-400 K. 

Reference Comments 

Van den Bergh and Troe, 1976[1] (a) 

Comments on Pro/erred Value 

Results from a single laboratory only. Independent confir­
mation is required. 

Intermediate Fall-off Range 

From the preferred values for ko and k"" ' at 298 K one 
derives [N21c = 2.3 X 1020 molecule cm -3. The measurements 
of ref. [1] gave Fe = 0_63 at 330 K. 

References 

[1] Van den Bergh, H. and Troe, 1., J. Chern. Phys. 64, 736 (1976). 
[2] Van den Bergh, R., Benoit-Guyot, N., and Troe, J., Int. J. Chern. Kin. 9,223 

(1977). 

10 + NO~I + N02 
.<1HO = -122 kJ mol-I 

Rate coefficient data 

k Icm' molecule- 1 S-l 

Absolute Rate Coefficients 

(1.7±O.2)X10- 11 

Temp.lK 

298 

Comments 

(a) Discharge flow: mass spectrometric detection of 10_ 
Psuedo-first order conditions, [NO]:>[I01_ 

Preferred Value 

k = 1.7 X 10- 11 cm3 molecule -I s -1 at 298 K_ 

Reliability 

.<1 log k = ± 0.3 at 298 K. 

J. Phy •. Cllom. Ref. Data, VOI_11, No.2, 1982 

Reference Comments 

Ray and Watson, 1981(1) (a) 

Comments on Pro/erred Value 

The temperature dependence of k is expected to be small 
for such a radical-radical reaction. The temperature depen­
dences of k for the analogous CIO and BrO reactions have heen 
reported to be negative with E I R values of - 294 K and 

- 260 K, respectively (CODATA preferred values). 

References 
[I) Ray, G. W., and Watson, R. T., J. Phys. Chern. 85, 2955 (1981). 
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Rate coefficient data: no available experimental data. 

Preferred Values 

ko = 5.0X 10-31 (T /300) -3.0 [N2] cm3 molecule- 1 s-1 
over lan~e 200-400 K. 

k", = 2X 10- 11 cm3 molecule-Is- l over range 200-
400K. 

Fc = 0.4 at 298 K. 

Reliability 

..1 log ko = ± 0.5. 

..1 log k", = ± 0.5. 

..1n = -l:: 1. 

Comments on Preferred Values 

The preferred values are those from the BrO + N O2 

-BrON02 reaction. On theoretical grounds the BrON02 and 
the ION02 reactions should have similar properties. 

10 + 10-21 + O2 (1) 

-12 + O2 (2) 
..1HO(I) = - 130 kJ mol-I 

..1H"(2) = -219kJmol- 1 

Ra.te coefficient data. (k = kl + kv 

k fern3 molecule-I .-1 

Absolute Rate Coefficients 

(2.6 :+:~:~)X 10-.2 

Temp.lK 

293 

Comments 

(a) The value of k shown in this table is derived using the 
following equation: - d [10]/ dt = 2k [10]2. In the original pub. 
lication the authors used the following expression: - d [10]1 
dt = k [Iof. Discharge flow: uv absorption detection ofIO using 
the band head oftheA en, r/ = 4}--+xen, v" = 0) transition at 
-428 nm (the numbering of this transition may be in error as 
the analogous CIO and BrO systems had to be re.assigned with 
recent improved spectroscopic data). A value of 1 X 106 cm s-\ 
was reported for k / u, which when combined with the estimated 
value of 5X 10- 18 cm2 molecule-I for u (based on u for BrO) 
yielded the reported value. The value of u can only be consi· 
dered to be known to within a factVl~ of -5. 

Preferred Value 

k = 3XIO- 12 em3 moleeulc- l ,,-I at 29B K. 

Reference Comments 

Clyne and Cruse. 1970 [1] (a) 

Reliability 

.:1 log k = ± 1.0 at 298 K. 

Comments on Priferred Value 

This value is consistent with the preferred values for the 
BrO + BrO and FO + FO reactions. No experimental informa· 
tion is available concerning the branching ratio. However, if the 
reaction mechanism is similar to the BrO + BrO and FO + FO 
reactions then channel (1) may be expected to be the dominant 
reaction pathway. 

References 

III Clyne. M. A. A., .md em.c, n. W., T.ilu •. F"n,d .. y Soc. 66,2227 (1970). 

INO + INO-12 + 2NO 
..1H· = - 8.4 kJ mol-I 

k fem3 rnolecule- I 5- 1 

Absolute Rate Coefficients 

<6.7X1O- 14 

8.4X 10- 11 exp( - 2620fT) 
L3XIO- 14 

2.9XlO- 12 exp( - 1320fT) 
is.4XlO- H 

Temp.lK 

333 
320-450 
298" 
298-328 
298 

Rate coefficient data 

Reference 

Porter, Szabo, and Townsend, 1962 (1] 
Van den Bergh and Troe. 1976 [21 

Basco and Hunt, 1978 [3] 

Comments 

(a) 

(hI 

(<:) 

J. Phys. Chern. Ref. Data, Vol. 11, No.2, 1982 
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Comments 

(a) Flash photolysis of 12 in the presence of NO. Although 
the observations were interpreted with inadequate assumptions 
about the mechanism, the results on the reaction INO + INO 
are consistent with later work, see ref. [3). 

(h) La"er flash photolysis of 12 in the presence of NO. Anal· 

ysis of the time resolved 12 absorption signals after the flash. 
(c) Flash photolysis of 12 in the presence of NO. Measure­

ments of the uv spectrum of INO. 

Preferred Value 

k = 1.3 X 10- 14 cm3 molecule-I S-I at 298 K. 
k = 8.4X 10- 11 exp( - 26201T) cm3 molecule-I s-I 

over range 300-450 K. 

iJH" = - 8.1 kJ mo)-l 

Reliability 

.:l log k = ± 0.4 at 2YH K.. 

J (E I R ) ± 600 K. 

Comments on Preferred Values 

Results from ref. [2] preferred over those from ref. [3] 
because of a much wider range of conditions studied. 

References 
[1] Porter, G., Szabo, Z. G., and Townsend, M. G., Proc. Roy. Soc. A270, 493 

(l962). 
[2] Van den Bergh, H., and Troe, J., J. Chern. Phys. 64, 736 (1976). 
[3] Basco, N., and Hunt, J. E., I'lt. J. Chern. Kinet. 10,733 (1978). 

Rate coefficient data 

k / em3 molecule 1 s 1 

Absolute Rate Coefficients 

1.7XlO- 14
. 

Temp.lK 

350 

Comments 

(a) Fr<Jm NOz catalyzed recombination <Jf iodine atom::;, 

iodine atoms being produced by laser flash photolysis of 12, 

Temperature dependence probably similar as for INO + INO. 

Preferred Values 

k 4.7X 10- 15 cm3 molecule- t s-t at 298 K. 
k 2.9XlO- ll exp( - 26001T) cm3 molecule- 1 S-1 

over range ~Y8-4UU K. 

Reliability 

J log k = ± 0.5 at 298 K. 
..:l (E I R ) = ± 1000 K. 

Reference Comments 

Van den Bergh and Troe, 1976 [1] (a) 

Comments on Preferred Values 

Preferred value based on measured rate constant at 350 K 
and an assumed value for E I R equal to that for the reaction 
INO + INO-+I2 + 2NO. In the analogous reactions for other 
halogens thls behavior appears to apply, see ref. [1]. 

References 
[1] Van den Bergh, H. and Troe. J., J. Chern. Phys. 64, 736 (1976). 

10 + hv~products 

Reaction 

10 + hv->! + O(,P) (1) 
..... I+O('D) (2) 

Primary photochemical transitions 

184 
374 

Note: ..:lHo 298 values are given since the heat of formation of 10 at 0 K is not known. 
Absorption cross section data: no experimental data available. 
Quantum yield data: no experimental data available. 

J. Phys. Chem. Ref. Data, Vol. 11, No.2, 1982 
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Preferred Values 

Th~l~e an: 110 qua11tatiye experimental ab15orption cross sec­

tion or quantum yield data. A number of red degraded bands 
have been observed in emission, which are attributed to the 
A 20_X 20 transition of the 10 radical by Vaidya, 1937 [IJ, 
1938 [2J, Coleman, Gaydon, and Vaidya, 1948 [3], and Durie, 

Legay, and Ramsay, 1960 [4]. Ahsorption spectra of 10 have 
been reported by Durie and Ramsay, 1958 [5] and Clyne and 
Cruse, 1970 [6], but no absorption cr088 section data was ob­

tained. Extensive predissociation was noted in each of the bands 
observed in theX 20 (,," = O~A 20 (,,'>0) progression [5]. The 
magnitude of the absorption cross sections at the hand heads are 
probably similar to those for equivalent transitions of BrO. 

HOI + hv-+products 

Primary photochemical transitions 

_HI + O(,P) (2) 
-+10+ H (3\ 
-.HI + OeD) (4) 

are no thermodynamic data for HOI. 
Absorption cross section data: no experimentAl riMa avail_ 

able. 
Quantum yield data: no experimental data available. 

A.thre6hoLd Inm 

Preferred Value, 

Neither qualitative absorption spectra nor absolute cross­
sections have been measured for HOI. It is suggested that in the 

absence of any experimental data that the modellers use the 
absorption cross section data for HOC} (see table of preferred 
values) red-shifted by 100 nm. By analogy with HOCl it is prob-
able that <P - unity for all w.welenp;th" :;:.200 nm~ 

INO + hv-+products 
Primary photochemical transitions 

Reaction 

INO + hv-I + NO 72 

Absorption cross·section data 

Wavelength range/nm Reference 

360-460 
360-460, 220-320 
360-400, 220-320 
360-460, 220-320 

Porter, Szabo, and Townsend, 1962 [I] 
Van den Bergh and Troe, 1976 [2] 
Basco and Hunt, 1978 [3] 
Forte, Hippler, and Van den Bergh, 1981 [4] 

No quantum yield data. 

Comments 

(a) Flash photolysis OfI2 in the presence of NO. Inadequate 
interpretation of the mechanism, a-values therefore uncertain. 

(b) Laser flash photolysis of 12 in the presence of NO. a­
values have been confirmed by later work of refs. £31 and £41-

(c) Flash photolysis of 12 in the presence of NO. a-values 
derived from analysis of the mechanism. 

(d) Spectroscopic investigation of the 12 + 2N0:;;:2INO 
equilibrium. Results in very good agn:I::Ull::uL wiLh 11::[::>. [2] and 
[3]. 

..1./nm 

230 
?.'lS 

238 
245 
251 
260 
270 
300 

1650 

Comments 

(a) 

(b) 

(e) 
(d) 

Preferred Values 

1O!1u l cm2 ..1./nm 

1.4 360 
:;-~ .'l70 

7.0 380 
6.5 390 
5.9 4()0 
2.4 410 
1.U 420 
0.09 430 

440 
450 
d.6O 

10 17ulcm2 

0.045 
O~OSQ 

0.065 
0.078 
0.92 
0.10 
0.10 
0.094 
0.080 
0.060 
O.OtW 
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Prefemd Values/or Absorption Cross Sections 

The values are averages of the data of refs. [2J-[4]. The 
deviations between the results of these studies are only small. 
No quantum yield data are available. Presumably, the photoly­
sis quantum yield is unity over the whole wavelength range. 

References 
[1] Porter, G., Szabo, Z. G., and Townsend, M. G., Proc. Roy. Soc. (London) 

A270, 493 (1962). 
[2] Van den Bergh, H., and Troe, J., J. Chern. Phys. 64, 736 (1976). 
[3J Basco, N., and Hunt, J. E., Int. J. Chern. Kinel. 10,733 (1978). 
[4J Forte, E., Hippler, H., and Van den Bergh, H., Int. J. Chern. Kinel. 13, 1227 

(191l1). 

IN02 + hv--..+products 
Primary photochemical transitions 

Reaction 

IN02 + hv->-I + N02 

Absorption cross-section data. 
No absorption spectrum has been so far detected, although 

the spectrum has been searched for in the NOz-catalyzed recom­
bination of iodine atoms. Presumahly a(T ONz) < a(NOz) over 

the range 250-600 nm (ref. [1]). 

77 1560 

Reference 
[IJ Van den Bergh, H., and Troe, 1., J. Chern. Phys. 64, 736 (1976). 

ION02 + hv--..+products 
Primary photochemical transitions 

Reaction 

101\'02 + hv->-IO +N02 (I) 
___ I + NO, (2) 

-o-IONO + Oep) (3) 
-o-IONO + O{'D) (4) 

Note: there are no thermodynamic data for IONOz' 
Absorption cross section data: no experimental data avail­

able. 
Quantum yield data: no experimental data available. 

Preferred Values 

Neither qualitative absorption spectra nor absolute cross-

J. Phy •• Chern. Ref. Data, Vol. 11, No. 2, 1982 

Athrellhold / nm 

sections have been measured for IONOz' It is suggested that in 
the absence of experimental data the absorption cross-sections 
data for BrON02 be used (this will probably lead to an underesti­
mate of J as the ION02 spectrum will probably be red-shifted 
H:I .. uvt: tv lIlt: D,"ON02 "pcclJum by -50 nm). 
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Appendix I 
Enthalpy data 

J.H; (298) J.H; (0) 

(Substance) kJ mo)-' kJ mo)-' Kotes 

H 217.997 216.03 
H2 0 0 
0 249.17 246.78 1 
O('D) 438.9 436.6 2 
O2 0 0 1 
0,(',1 ) 94.3 94.3 2 
OiI) 156.9 156.9 2 
0, 142.7 145.4 ,3 

HO 39.0 38.7 3 
RO, 10.5 ± 4.2 SO 

H,O 241.81 - 238.92 I 
H2O, -136.32 -130.04 3 
N 472.68 470.82 1 
:-.I, 0 0 1 
:-.IH 343 343 2 
:-.IH, 185 188 7 
:-.IH3 45.94 38.95 1 
:-.10 90.25 89.75 3 
:-lO, 33.2 3t>.U <l 
:-.10, 71 ±20 77 20 4 
:-.120 82.05 85.50 3 
N2O. 9.1 18.7 4 
N,Os lUl n.R 3 
HNO 99.6 102.5 4 
HN02 79.5 -74 3 
HNO) - 135.06 125.27 3 
HO,NO, -54±20 8 
CH 594.1 590.8 4 
CH, 386 386 6 
CH j 145.6 149.0 4 
CH. -74.81 - 66.82 3 
CO 110.53 113.81 1 
CO2 - 393.51 - 393.14 1 
HCO 37.6 37.2 9 
CH20 108.6 104.7 2 
HCOOH - 378.6 371.6 3 
CH30 14.6 22.6 9 
CH,Oz 16±8 10 
CH20H -25.9 20 
CH30H - 200.7 -189.7 3 
CHjOOH 131 9 
CH3ONO -65.3 - 52.6 9 
CH,ON02 119.7 -103.4 9 
C2H 536 20 
C,H2 227.36 27 
C2H4 52.09 27 
C2HS 107.5 2 
C,H6 -83.8 -68.3 2 
CH,CO - 59.54 27 
CH3CO 24.3 20 
CH3CHO -166.2 27 
CzHsO -17.2 20 
CHl C02 -207.5 20 
C,HsO, 7.5 9 
CH300CH, -125.5 9 
5 276.98 274.72 1 
5, 128.49 128.20 1 
HS 146±4 145±4 11 
H,:; 20.63 -17.70 3 
SO 5.0 5.0 5 
502 -296.81 - 294.26 
SO, 395.7 390 3 
SOH 21 ± 17 II 
HS03 -481 ± 25 12 
CS 272 268 11 
CSz 117.2 116.6 3 
CH,SCH3 -37.2 11 
CH,SSCH, 24.3 II 
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(Substance) 

Ocs 
F 
F2 

MF 
HOF 
FO 
FO, 
FOlliO 
FONO, 
CF2 

CF3 
CF. 
FCO 
COF, 
CI 
CI2 

HCI 
CIO 
C10U 
OCIO 
CI20 
HOCI 
CINO 

CIN02 

CIONO 
CION02 

FCI 
GCI 
CCl, 
CCl3 

CCI. 
CHCI3 

CH3CI 
CH2Clz 
CH3CI 
Cleo 
COGI2 

CFCI 
CFCI2 

GFCI, 
CF2CI 
CF2CI2 

CF3CI 
CHFCI2 

CHF2CI 
COFCI 
CzCI. 
C2HCI3 

CH2CCl3 

CH3CCI3 

Br 
Brz 
HBr 
HOBr 
BrO 
BrNO 
BrON02 

BrCI 
eH2Br 
CH,Br 
I 
I,(g) 
HI 
10 
INO 
IN02 

BAULCH ET AL. 

Appendix l-con't 

(298) 
kJ mol- 1 

-142 
79.39 
0 

-273.30 
-98::t-4 
109±8 
50± 12 
67 
10 

- 182:±:8 
470±4 

-933 
-170±60 
_n347 

121.30 
0 

- 92.31 
102 
89±5 
97 ±8 
81.4 

-78 
51.7 
12.5 
83 
26.4 

-50.7 
502 ±20 
238 ±20 

79.5 
-95.S 

-102.9 
125 

-95.4 
-82.0 
-17 

- 220.1 
30±25 

-96 
-284.9 
-269 
-493.3 
-707.9 
- 284.9 
- 483.7 
-427±33 
-12.4 
-7.8 
45±30 

-142.3 
111.86 
30.91 

- 36.38 
-80±8 

125 
82.2 
20±30 
14.6 

163 
-37.7 

106.762 
62.421 
26.36 

172 
121.3 
60.2 

-142 
77.28 
o 

-273.26 
-95:1-4-
109±8 
52± 12 

18 
182 ±8 

-468±4 
-927 
-170±60 
-631.6 

119.62 
o 

-92.13 
102 
91 

100±8 
83.2 

-75 
53.6 
18.0 

-50.8 
498 ±20 
237 ± 20 
80.1 

-93.6 
-98.0 

-88.5 
-74.0 

-218.4 
30±25 

- 281.8 

-489.1 
-702.9 
-279.5 
-477.4 
-423±33 
-11.9 
-4.3 

-145.0 
117.90 
45.69 

-28.54 

133 
91.5 

22.1 

-22.3 

124.3 
66.5 

.1. Phy •. Chern. Ref. Data, Vol. 11, No.2, 1982 

Notes 

3 
1 
1 
1 
6 
9 
9 

13 
4 
4 

4 
18 

4 

2,14 
2,14 

14,15 
15 

2,16 
6. 

3 
17 
15 
4 
4 
4 
4 

18 
18 
19 
18 

9 
2 

24 
20 
21 
20 
21 
21 
21 
21 

4 
4 
3 

25 
22 

1 
1 
1 
9 
3 
3 

26 
4 

1Y 

23 
1 
1 
1 

28 
29 
29 
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Appendix II 

ConverSion Tables 

Equivalent second order rate constants 

~ Bjcm
3 dm 3 m" em' (mm Hg)-' atm-' ppm-' 

A -________ ' mol-I s-' mol-I 5-1 mol-I S-I molecule.- I S-I S-I S -. min- 1 
m' kN-' .-1 

I em" mol-' S-I == 1 10-3 10-6 1.66 1.604 1.219 2.453 1.203 
X 10-24 X 10-' T-I X 10-2 T-J X 10-" x 10-' T-I , 

1 dm" mol." .-'= 10' I }O-3 1.66 1.604 12.19 T-' 2.453 1.203 
X 10-21 X 10-2 T-I X 10-6 X IO-'T-' 

1 m:'t mo}-l e.- I _ lll' 1<>' 1 1.66 16.04T-· 1.2.19 2.4::.3 12.1l.3T-· 
X 10-'8 X 104 T-I X 10-' 

I em" molecule-' S-I "" 6.023 6.023 6.023 1 9.658 7.34 l.478 7.244 
x 1023 x 1020 X 1011 X W'ST-I >( 1021 T-I ~ 10's X 1019 T-I 

I (mm Hg)-' S-I = 6.236 62.36T 6.236 1.035 1 760 4.56 7.500 
X 10'T X 10-2 T X 10-19 T X 10-2 

I atm-' S-I 82.06T 8.206 8.206 1.362 1.316 1 6x 10-' 9.869 
X 10-' T X 10-5 T X 10~" T ; X 10-3 X 10-" 

11l1lm-1 min- I == 4.077 . 4.077 407.7 6.76 21.93 1.667 1 164.5 
at 298 K, I atm X 10' X 10' X 10-" X 10' 

total pressure 

1m2 kN-1 s-, == 8314T 8.314T 
1
8

.
314 1.38 0.1333 101.325 6.079 1 
X 10-3 T X 10-2• T X 10-3 

To convert a rate constant from one set of units A to a new set B find the conversion factor for the row A under column B and multiply the 
old value by it, e.g. to convert cm" molecule-' S,-I to m" mol-I S-I multiply by 6.023 X 10". 

Table adapted from High Temperature Reaction Rate Data No.5, The University. Leeds (1970). 
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Equivalenllhird order rale constants 

~ em 6 dm 6 m6 em 6 (mm Hgj-2 atm-' ppm-2 m' kN-2 S-I 
mol- 2 S-I moi- 2 S-I moi- 2 S-I moiecuie-' S-I 8-1 8 -I min-I 

1 em"moi- 2 s- l = 1 10-" 10-12 12.76X 10- 48 2.57 1.48 1.003 1.447 
x 1O-IOT-2 x 10-4 T-' X 10- 1• X 10-8 T-% 

1 dm" moi-' 8- 1 106 1 10-6 2.76 X 10-<2 2.57 148 T-' 1.003 1.447 
X 10-' T-' XlO-13 X ]1)-' T-' 

1 m6 moi-'s- l = 10\2 10· 1 2.76 X 10- 36 257 T-' 1.48 1.003 1.447 
x 108 T-' X 10- 1 X 10' T-' 

1 em6molecule-' 8- 1 "" 3.628 3.628 3.628 II 9.328 5.388 3.64 5.248 
X 1041 x 10" X 103• X 1031 T-' X 10'3 T-' X 10" X 1()3' T-' 

1 (mm Hg)-' S-I= 3.89 3.89 3.89 1.07 X 10-38 T' 1 5.776 3A-6 56.25 
X 109 1'2 X 103 1'2 X 10-3 1'2 X 10' X 10-' 

lalm-2 s- l = 6.733 6.733 6.733 1.86 1.73 1 6 X }O-II 9.74 
X 103 'f2 X 10-3 Tl X 10-9 'f2 X 10-"1'2 X 10-6 X 10-. 

1 ppm -. min -I "7' at 298 K, 9.97 9.97 9.97 2.75 2.89 1.667 I 1.623 
1 aIm total pressure X 10'" i X 1012 X 106 X 10-'. X 10· XIO'o X 106 

1m'kN-'s-l= 6.91 69.1 T' 6.91 1.904 0.0178 1.027 )6.16 1 
X 10']'2 X 10-'1'2 X 10-40 'f2 X 10' X 10- 7 

See note to table for seeond order rate constants. 

Conversion factofs for units of optical absorption coefficients 

~ (Cross section 0") (atm at 273)-' cm-I dm3 moi-' cm-' 
em' mo\-' base 10 cm' molecule c 1 base e basee base 10 

1 (aIm at 298)-' cm-' base e = 4.06 X 10-1• 1.09 10.6 1.06 X 10' 

I (atm at 298)-' em-' base 10= 9.35 X 10-10 2.51 24.4 2.44 X 10' 

1 (mm Hg at 298)-1 cm-' base 10 = 7.11 x·I0-17 1.91 X 103 1.86 X 10' 1.86 X 10' 

I (atm at 273)-1 em-I base e = 3.72 X 10-20 1 9.73 9.73 X 103 

1 (aIm at 273)-1 em-I base 10 = 8.57 X 10-.0 2.303 22.4 2.24 X 10-

1 dm' mol-I em-I base 10= 3.82 X 10-21 0.103 1 103 

1 em' mol-' base 10= 3.82 X 10-" 1.03 X 10-' 10-' I 

1 em! moiecu\e-' base e = 1 2.69 X 10'· 2.62 X 102• 2.62 X 1023 

To eonven an absorption coefficient from one set of units A (0 a new se t B, multiply by the "aluetabulsted for row A under column B. e.g. 
to conven the value ofthe absorption coefficient expressed in dm 3 mol- 1 cm-' base 10 to (aIm at 273)-1 em-I basc e, multiply byO.103. 

Units for Expressing Pressure 

In this evaluation we have expressed pressures in terms of 
Torr and atmosphere. These are defined in terms of SI units by 

J. PhYR. Chain. Ref. Data, Vol. 11, No.2, 1082 

the following equations: 

1 Torr - 133.322 Pel 

1 Atm 101,325 Pa. 


