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This paper updates and extends part of the previous data base of critical evaluations of
the kinetics and photochemistry of gas-phase chemical reactions of neutral species in-
volved in atmospheric chemistyd. Phys. Chem. Ref. Datd, 295 (1980; 11, 327
(1982; 13, 1259(1984); 18, 881(1989; 21, 1125(1992); 26, 521 (1997]. The present
evaluation is limited to the following families of atmospherically important reactions:
0., HO,, NO,, and SQ. The work has been carried out by the authors under the
auspices of the IUPAC Subcommittee on Gas Phase Kinetic Data Evaluation for Atmo-
spheric Chemistry. Data sheets have been prepared for 151 thermal and photochemical
reactions, containing summaries of the available experimental data with notes giving
details of the experimental procedures. For each thermal reaction, a preferred value of the
rate coefficient at 298 K is given together with a temperature dependence where possible.
The selection of the preferred value is discussed and estimates of the accuracies of the
rate coefficients and temperature coefficients have been made for each reaction. For each
photochemical reaction the data sheets list the preferred values of the photoabsorption
cross-sections and the quantum yields of the photochemical reactions together with com-
ments on how they were selected. The data sheets are intended to provide the basic
physical chemical data needed as input for calculations which model atmospheric chem-
istry. A table summarizing the preferred rate data is provided, together with an appendix
listing the available data on enthalpies of formation of the reactant and product species.
© 1997 American Institute of Physics and American Chemical Society.
[S0047-268807)00106-3

Key words: air pollution; atmospheric chemistry; chemical kinetics; data evaluation; gas phase;
photoabsorption cross-section, photochemistry; quantum yield; rate coefficient.
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1. Preface ered. Supplement VI, however, contains the amendment of

listing the data used in the selection of the Preferred Values
. ) o . for each reaction. This means that in Supplement VI some of
This paper is Supplement VI to the original set of criti- yhe earlier data, omitted during the evolvement of Supple-
cally evaluated kinetic and photochemical rate parameters,ants |-V, have been re-entered on the data sheets. This
for atmospheric chemistry, published by the CODATA Taskchange is intended to aid the reader in appreciating how the
Group on Gas Phase Chemical Kinetics in 1980d subse- Preferred Values were selected.
quentlygpdated_by Supplement | in 18@d Supplement Il Eor each reaction, the data sheet includes a list of the data
in 1984 The original evaluation and Supplements | and Il yoon which the preferred rate coefficient is based together
were primarily intended to furnish a kinetic data base foryijth a statement of the assigned uncertainty limits, a com-
modeling middle atmosphere chemist®0-55 km altitudg  ment giving the basis for the recommendation, and a list of
In 1985 the International Union of Pure and Applied the relevant references. To the extent that this information
Chemistry(IUPAC) set up a group to continue and enlarge syffices, the reader can use the present publication without
upon the work initiated by CODATA. The Subcommittee on need to refer to the previous publications in the series. How-
Gas Phase Kinetic Data Evaluation for Atmospheric Chemever, it should be emphasized that in preparing the updated
istry is chaired by J. A. Kerr and is part of the Commissiondata sheets, we have not listed all of the previous data con-
on Chemical Kineticgl.4) of the IUPAC Physical Chemistry tained in the original evaluatidrand Supplements |-¥:°
Division. Consequently for many reactions, to obtain the complete
This subcommittee produced Supplement Il in 1989, data-set and background to the preferred rate parameters, it is
Supplement IV in 1992,and Supplement V in 1997jn  essential that the present supplement be read in conjunction
which the original data base was extended and updated iith its predecessors?®
include more reactions involved in tropospheric chemistry. The following reactions, relevant to the present supple-
Since it was not possible to cope with all of the very largement for which data sheets were prepared in previous evalu-
number of chemical reactions involved in tropospherications, have now been omitted because they appear to be
chemistry, it was originally decided to limit the coverage to unimportant in atmospheric chemistry:
those organic reactions for which kinetic or photochemical O + O, — O}
data exist for species containing up to three carbon atoms. O} + M — O; + M
With the publication of Supplement V in 199%he data O + O%f — products
base had become so extensive that the Subcomittee decidedoz(lza)* + 0, — 02(129*) + 0,
that future supplements would be limited to dealing in turn  H + O3 — HO + O,
with parts of the set of over 700 gas-phase and heteroge- H + O3 — HO* + O,
neous reactions. To this end the present Supplement Vlis an O + H, —+ HO + H
update and extension of the following families of gas-phase HO + Hy(v=1) — H,O + H
reactions: Q, HO,, NO,, and SQ. Future supplements HO* + M — HO+ M
will deal with (i) organic reactions(ii) halogen reactions, HO* + O; — products
and (jii) heterogeneous reactions. Since the present and fu- O + N,O5; — products
ture supplements will be much smaller than SupplementV,it N + HO — NO + H
is intended that they will be published on a shorter time scale N + 0, — NO + O
than those between Supplements | through V. N + 02(1Ag) - NO+ O
Following the pattern of Supplement®here we provide N+ O;—NO + O,
a data sheet for each of the reactions of the families consid- N + NO — N, + O

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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N + NO, — N,O+ O These reactions are no longer included in the present Sum-
NH, + HO — products mary of Reactions, and in referring to them in previous
NH, + HO, — products evaluation$ it should be noted that the data sheets may no
NO + hv — products longer be up-to-date for any particular reaction.

O(*D) + CN — products The cutoff point for literature searching for this supple-
CN + O, — products ment was September 1996. As in our previous evaluations,
O+ H,S— HO + HS we also include data which were available to us in preprint
CH;0, + SO, — products form at that point.
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3. Guide to the Data Sheets EPR - electron paramagnetic resonance
F - flow system

FP - flash photolysis
FTIR - Fourier transform infrared
FTS - Fourier transform spectroscopy
GC - gas chromatography/gas chromatographic
HPLC - high performance liquid chromatography
IR - infrared
LIF - laser induced fluorescence
The data sheets begin with a statement of the reactions LMR - laser magnetic resonance
including all pathways which are considered feasible. Thisis LP - laser photolysis
followed by the corresponding enthalpy changes at 298 K, MM - molecular modulation
calculated from the enthalpies of formation summarized in MS - mass spectrometry/mass spectrometric

3.1. Gas-Phase Reactions

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

3.1.1. Thermal Reactions

Appendix 1. P - steady state photolysis

The available kinetic data on the reactions are summarized PLP - pulsed laser photolysis
under three headinggi) Absolute Rate Coefficientsii) PR - pulsed radiolysis
Relative Rate Coefficients, andii) Reviews and Evalua- RA - resonance absorption
tions. Under heading$) and(ii), we include new data which RF - resonance fluorescence
have been published since the last IUPAC evalutias RR - relative rate

well as the data used in deriving the preferred values. Under S - static system

heading(iii) are listed the preferred rate data from the most TDLS - tunable diode laser spectroscopy
recently published NASA evaluatibavailable at the date of UV - ultraviolet

submission of this evaluation and our own IUPAC evalua- UVA - ultraviolet absorption

tions, together with data from any new review or evaluation VUVA - vacuum ultraviolet absorption

source. Under all three of the headings above, the data are por measurements of relative rate coefficients, wherever
presented as absolute rate coefficients. If the temperature Cossible the comments contain the actual measured ratio of
efficient has been measured, the results are given in gye coefficients together with the rate coefficient of the ref-
temperature-dependent form over a stated temperature ranggence reaction used to calculate the absolute rate coefficient
For bimolecular reactions, the temperature dependence jgted in the data table. The absolute value of the rate coef-
usually expressed in the normal Arrhenius form,ficient given in the table may be different from that reported
k=A exp(—B/T), where B=E/R. For a few bimolecular py the original author owing to a different choice of rate
reactions, we have listed temperature dependences in the gbefficient of the reference reaction. Whenever possible the
ternative form,k=A'T"" or CT" exp(—D/T), where the reference rate data are those preferred in the present evalua-
original authors have found this to give a better fit to their¢jgn.
data. For pressure-dependent combination and dissociation e preferred rate coefficients are preser(igdit a tem-
reactions, the non-Arrhenius temperature dependence b%rature of 298 K andii) in temperature-dependent form
used. This is discussed more fully in a subsequent section ¢fyer a stated temperature range.
the Introduction. This is followed by a statement of the uncertainty limits in
Single temperature data are presented as such and wh%g k at 298 K and the uncertainty limits either iE{R) or
ever possible the rate coefficient at, or close to, 298 K isn . for the mean temperature in the range. Some comments
quoted directly as measured by the original authors. Thig the assignment of uncertainties are given later in this in-
means that the listed rate coefficient at 298 K may differyqgqyction.
slightly from that calculated from the Arrhenius parameters The “Comments on Preferred Values” describe how the
determined by the same authors. Rate coefficients at 298 Kgjection was made and give any other relevant information.
marked with an asterisk indicate that the value was calcuThe extent of the comments depends upon the present state
lated by extrapolation of a measured temperature ranggf our knowledge of the particular reaction in question. The

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

mental details. The following list of abbreviations, relating to

experimental techniques, is used in the Techniques and Com- ~ 3-1.2. Conventions Concerning Rate Coefficients

ments sections: All of the reactions in the table are elementary processes.
A - absorption Thus.the rate expression is derived from a statement of the
AS - absorption spectroscopy reaction, e.g.,
CIMS - chemical ionization mass spectroscopy/ A+A-B+C
spectrometric
CL - chemiluminescence —1/2dA] dB] d[C]_k AP
DF - discharge flow & @ a AL
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Note that the stoichiometric coefficient for A, i.e., 2, appearsyith N={0.75-1.27 logF.}. In this way the three quantities
in the denominator before the rate of chang@Af (whichis  k, k., andF. characterize the falloff curve for the present
equal to X[A]?) and as a power on the right-hand side. application.

Alternatively, the three quantitids, , [M]., andF (or kg,
[M]., andF_) can be used. The temperature dependence of
F., which is sometimes significant, can be estimated by the

. . . .. —10
The rates of combination and the reverse dissociation redrocedure of Tro&*°The results can usually be represented

3.1.3. Treatment of Combination and Dissociation Reactions

actions approximately by an equation
A+B+M=AB+M Fo=(1—a)exp —T/T*)
depend on the temperatufe and the nature and concentra- +aexg—T/T*)+exp —T**/T).

tion of the third body[M]. The rate coefficients of these \\hereas the two first terms are of importance for atmo-

reactions have to be expressed in a form which is more COMsheric conditions, the last term in most cases becomes rel-

plicated than those for simple bimolecular reactions. Theevant only at much higher temperatures. In Ref. 2, for sim-
combination reactions are described by a pseudo SeCO”BTicity a=1 and T** =4T* were adopted. Often

order rate law F.=exp(-T/T*) is sufficient for low temperature conditions.
dAB] With molecules of increasing complexity, additional broad-
—q _KAIB] ening of the falloff curves may have to be taken into
account 1% For simplicity these effects are neglected in the
in which the second-order rate coefficient depend§Mih  present evaluation. An even simpler policy was chosen in

The low-pressure third-order limit is characterizedky Ref. 7 where a temperature independent standard valBg of
ko=lim k([M]) = 0.6 was adopted. This choice, however, often oversimpli-
[M] —0 fies the representation.

If a given falloff curve is fitted, changes iR require
changes in the limitind, andk., values. For the purpose of
this evaluation, this is irrelevant, if the preferrkgl and k.,
k.=lim k([M]) are used consistently together with the prefeffgdalues. If

(M] e the selected value @, is too large, the values ¢f, andk.,,

which is independent diM]. For a combination reaction in obtained by fitting the falloff expression to the experimental
the low-pressure range, the summary table gives a seconfata, are underestimated. Theoretical predictions dfiave
order rate coefficient expressed as the product of a thirdoeen derived from rigid Rice, Ramsberger, Kassell, and Mar-
order rate coefficient and the third body concentration, whicifus (RRKM)-type models including weak collision

is expressed in molecule ¢ri. The transition between the effects?™

third-order and the second-order range is represented by a The dependence df, and k.. on the temperaturd is
reduced falloff expression df,/k.. as a function of represented in the form,

Ko/k.=[MJ[M], koeT™0

where the “center of the falloff curve’[M], indicates the —€xcept for cases with an established energy barrier in the
third-body concentration for which the extrapolatég potential. We have used this form of temperature dependence
would be equal tk... The dependence & on[M] in gen- because it often gives a better fit to the data over a wider
eral is complicated and has to be analyzed by unimoleculdi@nge of temperature than does the Arrhenius expression.
rate theory. For moderately complex molecules at not tod he dependence d, on the nature of the third-body M
high temperatures, however, a simple approximate relatiordenerally is represented by the relative efficiencies pfid

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

ship holds, M.
. KoKe ‘ 1 ‘ Ko/Ks Ko(Mp/[M1]:Ko(M2)/[M].
kot ke F=ko 1+ko /K., F=k. 1+Kg/Ke| The few thermal dissociation reactions of interest in the

where the first factors on the right-hand side represent thgresent application are treated by analogy with combination
Teactions, and are assigned pseudo-first-order rate coeffi-

Lindemann—Hinshelwood expression, and the additiona

broadening factoF, at not too high temperature, is approxi- C|e.nfcsk([M]). The Iirr_litingllow— and high-presgure rate co-
mately given b0 efficients expressed in units of Sare denoted in the tables

by the symbolsKy/s 1) and (../s ). Obviously,F should
log F¢ be the same in combination and dissociation reactions.

log F= 5
1+[log (kg/kx)] 3.1.4. Photochemical Reactions

With increasing temperature, a better representation is The data sheets begin with a list of feasible primary pho-
obtained~* by replacing[log(ko/k-)]? by [log(ke/k..)/N]?  tochemical transitions for wavelengths usually down to 170
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nm, along with the corresponding enthalpy changes at 0 Kreferred value oE/R is quoted as the tera(E/R), where
where possible or alternatively at 298 K, calculated from theA (E/R)=G andG is defined by the equatioB/R=H *+G.
data in Appendix 1. Calculated threshold wavelengths correD andG are expanded uncertainties corresponding approxi-
sponding to these enthalpy changes are also listed, bearing imately to a 95% confidence limit.
mind that the values calculated from the enthalpy changes at For second-order rate coefficients listed in this evaluation,
298 K are not true “threshold values.” an estimate of the uncertainty at any given temperature
This is followed by tables summarizing the available ex-within the recommended temperature range may be obtained
perimental data concernin@ absorption cross-sections and from the equation:
(i) quantum yields. These data are supplemented by a series
of comments. 1
The next table lists the preferred absorption cross-section 2109 k(T)=Alog k(298 KHOA?"‘%’?(T‘ ﬁ;) :
data and the preferred quantum vyields at appropriate wave-
length intervals. For absorption cross-sections the intervals The assignment of these absolute uncertaintiek and
are usually 1, 5 or 10 nm. Any temperature dependence g/R is a subjective assessment of the evaluators. They are
the absorption cross-sections is also given where possiblgot getermined by a rigorous, statistical anlysis of the data
The aim in presenting these preferred data is to provide §ase, which is generally too limited to permit such an analy-
basis for calculating atmospheric photolysis rates. For abgjs Rather, the uncertainties are based on a knowledge of the
sorption continua the temperature dependence is often reprgschniques, the difficulties of the experimental measure-
sented by Sulzer-Wieland type expressibhns. ments, the potential for systematic errors, and the number of
The comments again describe how the preferred data wekg,,dies conducted and their agreem@tt nod. Experience
selected and include other relevant points. The photochemishows that for rate measurements of atomic and free radical
cal data sheets are also concluded with a list of referenceseactions in the gas phase, the precision of the measurement,
i.e., the reproducibility, is usually good. Thus, for single
3.1.5. Conventions Concerning Absorption Cross-Sections studies of a particular reaction involving one technique, stan-
) _dard deviations, or even 90% confidence limitsdf0% or
These are presented in the data sheets as "absorptiqess gre frequently reported in the literature. Unfortunately,
cross-sections per molecule, base e.” They are defined agzhen evaluators come to compare data for the same reaction

cording to the equations studied by more than one group of investigators and involv-
I/l y=exp(— a[N]I), ing different techniques, the rate coefficients often differ by a

factor of 2 or even more. This can only mean that one or

o={1A[N])}In(Io/), more of the studies has involved large systematic errors

where |, and | are the incident and transmitted light intensi-Which are difficult to detect. This is hardly surprising since,
tieS, o is the absorption cross-section per mo'ecm_ unlike molecular I’eaCtionS, it is not aIWayS pOSSible to Study
pressed in this paper in units of &m[N] is the number atomic and free radical reactions in isolation, and conse-
concentration of absorb@xpressed in molecule Cfrﬁ), and quently mechanistic and other difficulties frequently arise.

| is the path lengtlfexpressed in cin Other definitions and ~ The arbitrary assignment of errors made here is based
units are frequently quoted. The closely related quantitiegnainly on our state of knowledge of a particular reaction
“absorption coefficient” and “extinction coefficient” are Which is dependent upon factors such as the number of in-

often used, but care must be taken to avoid confusion in theii€pendent investigations carried out and the number of dif-
definition; it is always necessary to know the units of con-ferent techniques used. On the whole, our assessment of er-
centration and of path length and the type of logariiiase ~ ror limits tends towards the cautious side. Thus, in the case
e or base 10corresponding to the definition. To convert an Where a rate coefficient has been measured by a single in-
absorption cross-section to the equivalent Napefimse ¢  Vestigation using one particular technique and is uncon-
absorption coefficient of a gas at a pressure of one standaftimed by independent work, we suggest that minimum un-

atmosphere and temperature of 273d«pressed in cm'), ~ certainty limits of a factor of 2 are appropriate.
multiply the value ofo in cm? by 2.69x 10, In contrast to the usual situation for the rate coefficients of

thermal reactions, where intercomparison of results of a
number of independent studies permits a realistic assessment
of reliability, for many photochemical processes there is a
Under the heading ‘“reliability,” estimates have been scarcity of apparently reliable data. Thus, we do not feel
made of the absolute accuracies of the preferred valugs of justified at present in assigning uncertainty limits to the pa-
at 298 K and of the preferred values BfR over the quoted rameters reported for the photochemical reactions.
temperature range. The accuracy of the preferred rate coef-
ficient at 298 K is quoted as the termlog k, where
Alogk=D and D is defined by the equation, lgg R. A. thanks the California Air Resources Board for sup-
k=C=D. This is equivalent to the statement tlkais uncer-  port of his work through Contract No. 92-329. R. A. C.
tain to a factor of~, whereD =log ;o F. The accuracy of the thanks the Natural Environmental Research Council and the

3.1.6. Assignment of Uncertainties
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2p, L. Baulch, R. A. Cox, P. J. Crutzen, R. F. Hampson, Jr., J. A. Kerr, J.'°R. G. Gilbert, K. Luther, and J. Troe, Ber. Bunsenges. Phys. Cls&m.
Troe, and R. T. Watson, Evaluated Kinetic and Photochemical Data for 169 (1983.
Atmospheric Chemistry: Supplement |, CODATA Task Group on Chemi- 1'D. C. Astholz, L. Brouwer, and J. Troe, Ber. Bunsenges. Phys. CBBm.
cal Kinetics, J. Phys. Chem. Ref. Ddta, 327(1982. 559 (1981).
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4. Gas-Phase Reactions—Data Sheets

4.1 Oxygen Species

AH°=—106.5 kdmol™*

Low-pressure rate coefficients

Rate coefficient data

Technique/
ko/cnt molecule * s71 Temp./K Reference Comments
Absolute Rate Coefficients
6.75x107%° ex (635+18)/T] [O,] 262-319 Arnold and Comes, 1979 FP-RA
(5.69+0.40X10 3 [0,] 298
1.82x10" % exfd (995+ 37)/T] [N,] 262-309
(5.13+0.60x10 > [N,] 298
(6.9+1.0X103* (T/300)~ (12502 [Q,] 219-368 Klais, Anderson, and Kurylo, 1980 FP-RF
(6.2+0.9 X103 (T/300) 3%=09) [N,] 219-368
(5.69+ o.34>x10-2i (T/3OO)_E§Z§ZE [0,] 227-353 Lin and Leu, 1982 FP-RF
(5.70+0.19 10 34 (T/300) (26Z018) [\,] 218-366
5.5x10™3* (T/300) 26 [N,] 100-400 Hippler, Rahn, and Troe, 1990 PLP-UVA (a)
5.2x10° %5 (T/1000) 12 [N,] 700-900

Reviews and Evaluations
6.0x103* (T/300) 22 (ain) 200-300 NASA, 1997 (b)
5.6X10"3* (T/300) 28 [N,] 100-300 IUPAC, 1997 (©
6.0x10 3 (T/300) 28 [0,] 100-300

Comments
) ] Comments on Preferred Values
(8 The O product was monitored by UV absorption at  The results from Ref. 4 obtained over extended tempera-

(b)
(©)

265 nm. Data fofT>400 K are based on dissociation t,re and pressure ranges confirm the large negative values of
experiments. The reaction is suggested to follow they and also confirm the absolute valueskgfat 298 K from
energy transfer mechanism at high temperatures. Agarlier work. The experiments from Ref. 4 under low-
low temperatures a radical-complex mechanism appafemperature and high-pressure conditions indicate anomalous
ently dominates with contributions from metastable ex-ta||off behavior different from the formalism described for
cited electronic states of O the energy transfer mechanism in the Introduction. These
Based on an average of rate coefficients from Refs. 2ffects are not relevant for atmospheric conditions such that
and 3 in agreement with rate coefficients from Ref. 4.hey are not included in this evaluation. The preferred values
Based on the results from Ref. 4. are identical to those in our previous evaluation, IUPAC,

1997°
Preferred Values
ko=5.6x10"34 (T/300) %8 [N,] cm® molecule ! s71 References
over the temperature range 100-300 K.
_ —34 -2.8 1 o1
ko=6.0<10 (T/300) [O,] cm® molecule® s 11. Arnold and F. J. Comes, Chem. Phy®, 231 (1979.
over the temperature range 100-300 K. 20, Klais, P. C. Anderson, and M. J. Kurylo, Int. J. Chem. Kir, 469
(1980.
Reliability 3C. L. Linand M. T. Leu, Int. J. Chem. Kinefl4, 417(1982.

Alog ky==*0.05 at 298 K.

“H. Hippler, R. Rahn, and J. Troe, J. Chem. PH&.6560(1990.
SNASA Evaluation No. 12, 1997see references in Introductipn

An==0.5. S|UPAC, Supplement V, 1997see references in Introductipn

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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O+ O3 — 20,
AH°=-391.9 kJmol™?

Rate coefficient data

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

1.1x107 ! exp(—21557) 269-409 McCrumb and Kaufman, 1972 (@
2.0x10" 1 exp(—2280m) 220-353 Davis, Wong, and Lephardt, 1873 PLP-RF
8.3x10 15 298 West, Weston, and Flynn, 1678 PLP-RF
2.12<10" 1! exp(—2337M) 262-335 Arnold and Comes, 1979 FP-RA
5.6x10" 12 exp(—19591T) 220-377 Wine et al, 1983 PLP-RF
8.26x10°1° 297
Reviews and Evaluations

8.0x10 12 exp(—20601) 220-410 NASA, 1997 (b)
8.0x10 %2 exp(—20601T) 220-400 IUPAC, 1997 (©

Comments Comments on Preferred Values

The study of Wineet al? yields values ok in close agree-
ment with those from other studies, over the whole tempera-
ture range covered. Our preferred values are based on the
least squares expression obtained by Wénal?® from a fit
of their data plus those of McCrumb and Kaufmabavis
et al,? Westet al,® and Arnold and Comeband are identi-
cal to those in our previous evaluation, IUPAC, 199Zom-
puted rate constarftsising variational transition state theory
are in satisfactory agreement with the experimental results.

(@ Flow system used, with GP) atoms being produced
by the pyrolysis of Q.

(b) Obtained by Wineet al® from an unweighted linear
least-squares fit of the data of Wieeal,> McCrumb
and Kaufmarl, Davis et al,?> Westet al2 and Arnold
and Come$.

(c) See Comments on Preferred Values.

References
Preferred Values 1J. L. McCrumb and F. Kaufman, J. Chem. Ph§g, 1270(1972.
2D. D. Davis, W. Wong, and J. Lephardt, Chem. Phys. L&g, 273
k=8.0x10"'° cm® molecule ! s™* at 298 K. ,a973.
k=8.0x 1012 exp(—20607|') cn® molecule® s over G. A. West, R. E. Weston, Jr., and G. W. Flynn, Chem. Phys. bé}t429
’ (1979.
the temperature range 200—-400 K. 41. Amold and F. J. Comes, Chem. Phyi?, 231 (1979.
5P. H. Wine, J. M. Nicovich, R. J. Thompson, and A. R. Ravishankara, J.
f il Phys. Chem87, 3948(1983.
Rellab|I|t31 . 6NASA Evaluation No. 12, 1997see references in Introductipn
Alog k==0.08 at 298 K. TIUPAC, Supplement V, 1997see references in Introduction
A(E/R)==*=200 K. 8N. Balakinshnan and G. D. Billing, Chem. Phys. L&#2, 68 (1995.
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O('D) + 0, —» OCP) + 0,(*Xy) (1)

— OCP) + 0,(*Ay) (2

—OCP) + 0,°%5) (3
AH°(1)=—32.8kJmol !
AH°(2)=-95.4 kJmol™*
AH°(3)=—189.7 kdmol~*

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

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

2.9x10 M exf(67+12)/T] 104-354 Streitet al, 1976 (@

3.6x107 1t 298

(4.2+0.2x10 295 Amimoto et al, 197¢ PLP-RA (b)

(4.0+0.6)x10" 11 298 Brock and Watson, 1979 PLP-RF(b)
Branching Ratios

ky /k=0.77+0.2 300 Lee and Slanger, 1978 (©

k, /k<0.05 300 Gauthier and Snelling, 1971 (d)
Reviews and Evaluations

3.2x10 1 exp(70/T) 200-300 NASA, 1997 (e

3.2x107 1 exp(67/T) 200-350 IUPAC, 1997 )

Comments Comments on Preferred Values

This data sheet is reproduced from our previous evalua-
tion, CODATA, 19828 The earlier controversy between

(b) O(P) atom product detected by resonance absorbtionmeasurements using &) emission _at 230 nm and ab;orp-
or resonance fluorescende. tion at 115 nm has been resolved, sincéR®)@tom detection

(© O(D) atoms detected by ®D) — O(P) emission at by gb;orptlon at 130 nm and quorescenqe support tHOD(
Tt . emission results. Apparently thg value in the Lambert—
630 nm. Q(*X,) was monitored from the .
I+ Pk . Beer law used for the GD) absorption results was too
0,(*27) — 0,(°%,) (1-1) and (0—0) band emis- S
. TN R . small. The preferred 298 K rate coefficient is the average of
sion. G,(*% ) is only formed in thev=0 and 1 levels, . 1 . >
with k(1)/k%0)—0 7 the results from Streiet al,” Amimoto et al,“ and Brock
N and Watsori. The temperature dependence is that measured
by Streitet al! The branching ratios of Lee and Slantand
Gauthier and Snellifgare recommended. The preferred val-
ues are identical to those in our previous evaluation, IUPAC,
1997

(@ O(*D) atoms were produced by flash photolysis af O
and detected by AD) — O(®P) emission at 630 nm.

(d) O(*D) atom production by the photolysis of;0

(e) Based on the results of Streit al,> Amimoto et al.?
Brock and Watsof,and Lee and Slangér.

(f) See Comments on Preferred Values.

Preferred Values References

— —11 1 o1
k=4.0x 107 1 e molecule ! s™* at 2?? K;1 1G. E. Streit, C. J. Howard, A. L. Schmeltekopf, J. A. Davidson, and H. I.
k=3.2X10 EXF(67/T) cm® molecule* s™! over the Schiff, J. Chem. Phys5, 4761 (1976.

temperature range 200—-350 K. 2s. T. Amimoto, A. P. Force, R. G. Gulotty, Jr., and J. R. Wiesenfeld, J.
k1/k=O 8 at 298 K Chem. Phys71, 3640(1979.
. . 3
k2/k$0.05 at 298 K. J. C. Brock and R. T. Watson, Reported at the NATO Advanced Study

Institute on Atmospheric Ozone, PortuddB79. See also G. K. Moort-
gat, in Report. No. FAA-EE.80-2(1980.

Reliability 4L. C. Lee and T. Slanger, J. Chem. Ph§8, 4053(1979.
5M. Gauthier and D. R. Snelling, J. Chem. Phgd, 4317(1971).
=+ ' 4
AIOg K __9_'05 at 298 K. 6NASA Evaluation No. 12, 1997see references in Introduction
A(E/R) =*100 K. "IUPAC, Supplement V, 1997see references in Introductipn
Alog (k;/k)==*0.1 at 298 K. 8CODATA, Supplement |, 1982see references in Introduction
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O('D) + 03 — O, + 20(°P) 1)

— O(P)+0; )

— 20,(*Ay) (3)

— 0,('%g) + 0,(°%) (4)

— 20,(°%y) (5)
AH°=-83.2 kdmol™?*
AH°=—189.7 kdmol™?*
AH°=—393.0 kdmol™*
AH°=—424.7 kImol™!

AH°=—581.6 kdmol™*

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

k/cm® molecule ®* s7* Temp/K Reference Technique/ Comments
Absolute Rate Coefficients

(2.4+0.5)x10710 103-393 Streiet al, 1976 @

(2.5+0.5x1071° 300 Amimotoet al, 19782 198G PLP-RA (b)

(2.28+0.23 x10° %0 298 Wine and Ravishankara, 1981 PLP-RF(b)

(2.5+0.2x10° %0 298 Greenblatt and Wiesenfeld, 1983 PLP-RF(b)
Branching Ratios

ki /(katk,+kg)=1 ~298 Davenporet al, 1972 FP-RF(b)

k; /k=0.53 298 Cobos, Castellano, and Schumacher, 1983 (©)

ks /k=0.47
Reviews and Evaluations

2.4x 101 200-300 NASA, 199% (d)

kq /k=ks/k=0.5 298

2.4x10710 100-400 IUPAC, 1997 (e

ki /k=ks/k=0.5 298

Comments Comments on Preferred Values

The recommendation for the rate coefficient is based on

1 .
(@ O("D) atoms produced by flash photolysis 0§ @ a "o " of streitet al,! Amimoto et al.,>® Wine and
flow system and detected by emission at 630 nm. . .
Ravishankar4,and Greenblatt and Wiesenféld:he branch-
(b) The product OP) atoms were detected by resonance. . :
o3 ing ratios are based on these studies plus the work of Dav-
absorptio* or resonance fluorescent®. 6 7
(O Steady-state photolysis of pure;@nd Gvinert gas f—:-npo_rt et al. and.Coboset a_l. The prefgrred values are
2 3 _identical to those in our previous evaluation, IUPAC, 1§97.
mixtures. Ozone removal was monitored manometri-
cally at high pressures and spectrophotometrically at
lower pressures. The quantum yield of @moval was
. ) . References
interpreted in terms of a complex reaction scheme.
(d Based on the data of Streit al,® Amimoto etal,>® | _ _
Wine and Ravishankafhand Davenporet al® G. E Streit, C. J. Howard, A. L. Schmeltekopf,_.]. A. Davidson, and H l.
p ) Schiff, J. Chem. Phy$5, 4761(1976; J. A. Davidson, C. M. Sadowski,
(e) See Comments on Preferred Values. H. I. Schiff, G. E. Streit, C. J. Howard, D. A. Jennings, and A. L. Schmelt-

Preferred Values

k=2.4x10 1% cm® molecule * s™1, independent of tem-
perature over the range 100-400 K.
ki/k=ks5/k=0.5 at 298 K.

Reliability
Alog k==*0.05 over the temperature range 100—400 K.
Ak, /k=Aks/k==*=0.1 at 298 K.

ekopf, ibid. 64, 57 (1976.

23, T. Amimoto, A. P. Force, and J. R. Wiesenfeld, Chem. Phys. &6jt.
40 (1978.

3S. T. Amimoto, A. P. Force, J. R. Wiesenfeld, and R. H. Young, J. Chem.
Phys.73, 1244(1980.

4P. H. Wine and A. R. Ravishankara, Chem. Phys. L%11.103 (1981).

5G. D. Greenblatt and J. R. Wiesenfeld, J. Chem. PRg8, 4924(1983.

6J. Davenport, B. Ridley, H. I. Schiff, and K. H. Welge, J. Chem. Soc.
Faraday Disc53, 230(1972.

7C. Cobos, E. Castellano, and H. J. Schumacher, J. Photociragl
(1983.

8NASA Evaluation No. 12, 1997see references in Introductipn

SIUPAC, Supplement V, 1997see references in Introduction
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03 + O3 — O + 20,

Comments coefficient, and we make no recommendation. For further

) discussion the reader is referred to the review by Steinfeld
These Comments are reproduced from our previous evalys; 44

ation, IUPAC, 1997 Arnold and Comés® have studied this

reaction of vibrationally excited oxygen molecules in the References

ground electronic state with ozone and they report a rate

coefficient of 2.&10 ° cm® molecule * s™* at 298 K. The  !IUPAC, Supplement V, 1997see references in Introduction

: : : : 21, Arnold and F. J. Comes, Chem. Phy, 125 (1980.
vibrationally excited oxygen molecules were produced in thegll Amold and F. J. Gomes. J. Mol Strugtl, 223 (1980,

reaction of O{D) atoms with Q following the UV photoly- 45| steinfeld, 5. M. Adler-Golden, and J. W. Gallagher, J. Phys. Chem.
sis of ozone. This is the only reported study of this rate Ref. Data16, 911(1987.

0,325 V) + M — O,(32; V) + M

Rate coefficient data

k/cm® molecule * s7* M v Temp./K Reference Comments
Absolute Rate Coefficients

(4.7+0.3x107%5 0, 19 295 Priceet al, 1993 @
(3.2£0.3x10° % 20

(5.8+1.2x10° % 21

(5.4+0.8)x10™ 22

(1.2+0.4x10" 1 23

(0.84+0.04 %10+ 24

(1.8£0.09%x10™ 14 25

(4.7£0.2x10" 26

(2.3+0.1)x10™ 14 0, 19 460

(3.1+0.089x10 20

(2.2£0.9x10" 21

(8.7£0.3x10" 22

(4.1x0.6)x10" 23

(6.9+0.5x10" 24

(11.7+0.2x10° 25

(16.4+2)x10™ 14 26

>8.3x10 27

>1.2x10" 11 28

6.5x107 14 o, 8 300 Park and Slanger, 1994 (b)
>1.3x10"13 He 22

(1.53+0.25x10" 1! O, 22

2x10° 13 Cco, 14

9x10™ 14 22

Comments Reliability
Alog k==0.5.

(@ Vibrationally highly excited electronic ground statg O
molecules were generated by stimulated emissiof"omments on Preferred Values
pumping, and detected by LIF. The results given from Ref. 1, and more results presented
(b) Vibrationally highly excited electronic ground statg O in graphical form from Ref. 2, appear consistent with each
molecules were formed by ozone photodissociation apther.
248 nm (Hartley bang. The excited molecules were
detected by LIF. Rate coefficients were evaluated using
a cascade model, in which relaxation through single-

quantum V-V and V-T steps was assumed. References
Preferred Values 1J. M. Price, J. A. Mack, C. A. Rogaski, and A. M. Wodtke, Chem. Phys.
175, 83 (1993.
See table. 2H. Park and T. G. Slanger, J. Chem. Phi80, 287 (1994.
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0,(*Ag) + M — 0,(32)) + M
AH°=-94.3 kJmol™?*

Rate coefficient data

k/cm® molecule * s * Temp./K Reference Technique/ Comments
Absolute Rate Coefficients
(1.51+0.09x10 % 0, 298 Borrell, Borrell, and Pedley, 1977 DF-CL (a)
(1.47+0.059x10718 0, 298 Leisset al, 1978 (b)
(1.65+0.07x10 %8 0, 298 Raja, Arora, and Chatha, 1986 DF-CL (a)
3.15x10 8 exp(—205/T) 0, 100-450 Billington and Borrell, 1986 DF-CL (a)
1.57x10° %8 298
1.4x10°%° N, 300 Collins, Husain, and Donovan, 1973 FP-VUVA (c)
5.6x10 18 H,O0 298 Findlay and Snelling, 1991 (d)
<1.5x10° % Co, 298
(4+1)x10718 H,0 298 Becker, Groth, and Schurath, 1971 (e
Reviews and Evaluations
3.6x10 18 exp(—2201T) o, 100-450 NASA, 199% ()
<102 N, 298
4.8x107°18 H,O 298
<2x10° % Cco, 298
3.0x107 18 exp(—200/T) 0, 100-450 IUPAC, 1997 )
<1.4x10°%° N, 298
5.0x10 8 H,O 298
<2x10°%° co, 298
Comments Reliability

Alog k=+0.2 for M=0O, at 298 K.
A(E/R)= %200 K for M=0,.
Alog k==*0.3 for M=H,0 at 298 K.

(@ Discharge flow system. £0'A) was monitored by di-
mol emission at 634 nm or from £'3) emission at
762 nm.

(b) Large static reactor. £'A) was monitored by emis-
sion at 1.27um. Comments on Preferred Values

(c) O,(*A) was detected by time-resolved absorption at The preferlred yalue fdg(M:.OZ) Is Sbased on the data of
144 nm. Borrell et al,” Leisset al,~ Rajaet al,” and Billington and

(d) Flow system, with photolysis of &lg—O, mixtures at Borrell which also gives the temperature dependence
2537 nm to’produce @'A). O,(*A) was measured adopted. For other quenching gases the recommendation for
by 1 27 um emission G k(M=N,) is based on the data of Colliret al.’ for k(M

(@ As (b) but using dimol emission =H,0) on the data of Findlay and Snellihgind Becker
. 7 _ : 2
(f) The rate coefficients are based on the studies gf: O et al,” and fork(M—COZ) on the data of Le|ss:t_ al. z_and
Steer et al,2° Findlay and Snelling, Borrell et al.l Fmdlay and Snel!mé.The pre_ferred values are identical to
Leiss et al.? Tachibana and Phelp$,Billington and those in our previous evaluation, IUPAC, 1997.
Borrell,* Raja et al,®> and Wildt et al;*? N,, Findlay
et al'® and Beckeret al;’ H,O, Beckeretal and
Findlay and Snelling;and CQ, Findlay and Snelliny References
and Leisset al?

(99 See Comments on Preferred Values. 1p. Borrell, P. M. Borrell, and M. B. Pedley, Chem. Phys. L&, 300

(1977.
2A. Leiss, U. Schurath, K. H. Becker, and E. H. Fink, J. Photoct&ra11
(1978.
5N. Raja, P. K. A , and J. P. S. Chatha, Int. J. Chem. Kibh&t.505
Preferred Values (198;Ja rora, an atha, In em. Kibg

_ 1 4A. P. Billington and P. Borrell, J. Chem. Soc. Faraday Tran822963
k=1.6x10"' cm® molecule * s™* for M=0, at 298 K. (1qgg. 9 Y ?

k=3.0x10 '8 exp(—200T) cm® molecule* s ! for SR. J. Collins, D. Husain, and R. J. Donovan, J. Chem. Soc. Faraday Trans.
M=0, over the temperature range 100—-450 K. 6’2: 63, 1F45d(|1973.d . R. Snelling, J. Chem. Phgs, 545(1971
< —19 11 _ . D. Findlay and D. R. Snelling, J. Chem. , .
k=1.4X 1918 e mOIequel 751 for M N, at 298 K. K. H. Becker, W. Groth, and U. Schurath, Chem. Phys. L8{t259
k=5x10"'cm® molecule ' s™* for M = H,0at 298 K. (1g7y)

k<2x10 ?°cm® molecule ' st forM = CO, at 298 K. 8NASA Evaluation No. 12, 1997see references in Introductipn
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S|UPAC, Supplement V, 1997see references in Introduction 123, wildt, G. Bednarek, E. H. Fink, and R. P. Wayne, Chem. Phgg,
10R. P. Steer, R. A. Ackerman, and J. N. Pitts, Jr., J. Chem. PHy843 463(19889.
(1969. BF. D. Findlay, C. J. Fortin, and D. R. Snelling, Chem. Phys. [%t204

11K. Tachibana and A. V. Phelps, J. Chem. PH§5. 3315(1981). (1969.

AH°=12.2 kImol™?*

0,(*Ay) + 03— 20, + O

Rate coefficient data

1

k/cn?® molecule’® s~ Temp./K Reference Techniqgue/ Comments
Absolute Rate Coefficients
4.5x10** exp(—28301) 283-321 Findlay and Snelling, 1971 F-CL (a)
3.4x10° 1 298
6.0x10™ 1! exp(—28501T) 296-360 Becker, Groth, and Schurath, 1972 S-CL (b)
4.2x1071 298
Reviews and Evaluations
5.2x10" 1 exp (—2840M) 280-360 NASA, 199% (©)
5.2x10" 11 exp(—28401T) 280-360 IUPAC, 199% (d)

Comments

(@ Oy(*Ay) produced by photolysis of Pat 253.7 nm.

(b) 02(1Ag) produced by a microwave discharge of &d
flowed into the large static reaction vessel.

(c) Based on the data of Clarletal.® Findlay and
Snelling? Beckeret al.? and Collinset al®

(d) See Comments on Preferred Values.

Preferred Values

Comments on Preferred Values

The preferred values are mean values from the studies
listed!? While the data of Clarlet al® are in good agree-
ment with these studié$ for the room temperature value,
their temperature coefficiehts substantially lower. In view
of the consistency of the results from Findlay and Snelling
and Beckeret al,2 which were obtained by two completely
different techniques, we favor their temperature coefficient
over that from Ref. 5. The preferred values are identical to
those in our previous evaluation, IUPAC, 1997.

References

k=3.8x10"1° cm® molecule ! s 1 at 298 K. 1F. D. Findlay and D. R. Snelling, J. Chem. Phgd, 2750(1971).
k=52x10 1 exp(—2840T) cn® molecule® s over 2K. H. Becker, W. Groth, and U. Schurath, Chem. Phys. L&, 489
the temperature range 280-360 K.

Reliability
Alog k==*+0.10 at 298 K.
A(E/R)=*=500 K.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997

(1972.

3NASA Evaluation No. 12, 1997see references in Introductipn

4IUPAC, Supplement V, 1997see references in Introduction

51. D. Clark, I. T. N. Jones, and R. P. Wayne, Proc. R. Soc. London Ser. A
317, 407 (1970.

6R. J. Collins, D. Husain, and R. J. Donovan, J. Chem. Soc. Faraday Trans.
269, 145(1973.



AH°(1)=—156.9 kJmol™*
AH°(2)=—62.6 kJmol™*

EVALUATED KINETIC AND PHOTOCHEMICAL DATA

O,(*2) + M- 0,32 + M (1)

- 0,('A) + M (2)

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

1349

k/cm® molecule’* s ¢ Temp./K Reference Technique/ Comments
Absolute Rate Coefficients
(4.6+1)x10"Y7 0, 294 Thomas and Thrush, 1975 DF-CL
4.6 X102 H,0 294
(4.0+0.4x10" Y7 0, 298 Martin, Cohen, and Schatz, 1§76 FP-CL
(2.2+0.1)x10° 15 N, 298
(3.8£0.3x10° Y 0, 300 Lawtonet al, 1977 FP-CL
(2.5+0.2x10° Y7 0, 298 Chatheet al, 1979 DF-CL
(1.7+0.1)x10°15 N, 298
1.7x107 1% exp(48/T) N, 203-349 Kohse-Hoinghaus and Stuhl, 1980 PLP (a)
(8.0+2.0x107 1 ocP) 300 Slanger and Black, 1979 FP(a)
4.4x10° % Cco, 298 Filseth, Zia, and Welge, 1970 FP (a)
(3.0£0.5x10° 18 Cco, 298 Noxon, 1978 FP (a)
(4.1+0.3x10° %8 Co, 298 Davidson, Kear, and Abrahamson, 1972 FP (a)
(4.53+0.29x10 13 Cco, 298 Aviles, Muller, and Houston, 1980 PLP (a)
(5.0+0.3x10713 CO, 298 Muller and Houston, 1981 PLP (a)
(3.4+0.4x10713 Cco, 293 Borrell, Borrell, and Grant, 1983 DF-CL
(1.7+£0.1)x10°15 N, 298 Choo and Leu, 198% DF (a)(b)
(4.6+0.5x10713 Cco, 245-262
5.6x10° 7 o, 302 Knickelbeinet al, 19874 PLP (a)
(2.2£0.2x10° % N, 298 Wildt et al, 1988° PLP-CL (c)
(2.4+0.4x10°13 Cco, 298
<1.0x10716 0, 298 Shi and Barker, 1999 PLP-CL (d)
(2.32£0.14x10° % N, 298
(4.020.1)x10°13 Co, 298
Reviews and Evaluations
3.9x10° Y7 0, 298 NASA, 199% (e
2.1x10°% N, 200-300 )
8x10 O(P) 298 (9)
5.4x10 12 H,O 298 (h)
4.2x10° 1 Cco, 200-300 (i)
4.0x10°Y 0, 298 IUPAC, 1997° ()
2.0x10°%% N, 200-350
8.0x107 14 O(P) 298
4.0x107%2 H,0 298
4.1x10° % CO, 245-360
Comments Welge?! Filseth etal,” Martin etal,? Kohse-
@ T ved emission from 015 d Hoinghaus and StuRl,Choo and Led? Wildt et al.*®
a ime-resolved emission from ) measured near and Shi and Barkes®
762 nm. (9 Based on the data of Slanger and Bl&ck.
(b) Negllglple temperature dependence observed. foth) Based on the data of Stuhl and NfiFilsethet al,’
guenching by CQ over the range 245-362 K, with Wildt et al,'® and Shi and Barkel®
E/R<*200 K. (i) Based on the data of Filsettt al,” Davidsonet al.°
(c) Direct laser excitation of *3) from O, by photoly- Avilés et al,'° Muller and Houstort! Choo and Led?
sis at 600—800 nm. Wildt et al.*® and Shi and Barkel®
(d) O,(*2) formed by the reaction GD) + O, — O(®P) (i) See Comments on Preferred Values.
+ 0,(13).
(e) Based on the data of Martiet al,? Lawtonet al,® and
Lawton and Phelp¥ Preferred Values
(f) Based on the data of I1zod and WayfeStuhl and

k=4.1x10 1" cm® molecule ! s for M=0, at 298 K.
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k=2.1x10*® cm® molecule * s for M=N, over the
temperature range 200-350 K.

k=8.0x 10 ** cm® molecule * s~ for M=O(®P) at 298
K.

k=4.6x10 2 cm® molecule ! s! for M=H,O at 298
K.

k=4.1x10 2 cm® molecule ! s™* for M=CO, over the
temperature range 245-360 K.

Reliability
Alog k=+0.3 for M=0,, O(®P) and H,O at 298 K.
Alog k==*=0.10 for M=N,, CO, at 298 K.
A(E/R) = =200 K for M=N,, CO,.

Comments on Preferred Values

The preferred value fok(M=0,) is based on the data of
Thomas and ThrushMartin et al.? Lawton et al,®> Chatha
et al,* and Knickelbeiret al}* For M=N, the value is based
on the data of Kohse-Hioghaus and Stufil,Martin et al.?
Chathaet al.* Choo and Led? wildt et al,*® and Shi and
Barker!® The value of Slanger and Blatks adopted for
M=0(P) and the value of Thomas and Thrdslor
M = H,O. Fork(M = CO,) the results of Choo and Léd,
Filseth et al,” Noxon® Davidson et al,’ Avilés et al,*°
Muller and Houstort? Borrell et al,*? Wildt et al,*® and Shi
and Barkel® are used.

0,(*23) + 03 —»20,+ 0O

ATKINSON ET AL.
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— 0,(*Ag) + 03 (2)

—0,(°%;) + 03 (3)

AH°(1)=—50.4 kJmol™*
AH°(2)=—162.6 kJmol™*
AH°(3)=—156.9 kJmol™?

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

k/cm® molecule * s* Temp./K Reference Technique/ Comments
Absolute Rate Coefficients
(2.5+0.5x10" 1! 295 Gilpin, Schiff, and Welge, 19%1 FP-CL (a)
(2.3+0.5)x10° 11 295 Snelling, 1974 FP (a)
(2.2+0.2)x10° 1! 300 Slanger and Black, 1979 (@ (b)
(1.8£0.2)x 107 ¢ 295 Amimoto and Wiesenfeld, 1980 FP-RA
(2.2+0.3)x107 ¢ 295-361 Choo and Leu, 1985 DF-CL (¢
(1.96+0.09)x 10~ 1 300 Shi and Barker, 1980 PLP-CL (d)
(2.06+0.22)x 107 ¢ 300 Turnipseect al, 1997 PLP-RF(e)
Reviews and Evaluations
2.2x10° 1 200-350 NASA, 199% (f)
2.2x10 1 295-360 IUPAC, 1997 (9)
ky=1.5x10" % 298
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Comments Reliability

Alog k==*=0.06 at 298 K.
Alog k;==*0.10 at 298 K.
A(E/R)= =300 K.

(@ Oy('Xy) detected in emission.
(b) Flow system with Q(*=,) being produced by the
modulated photolysis of Qat 147.0 nm to produce

1 N 3
O(’D) atoms, followed by OD) + O, OCP) Comments on Preferred Values

+ 02(125)- : .
(c) Negligible temperature dependence was observed, with. The_ preferred g:’id?ue ?‘ 298 K is based on all of the studies
E/R< + 300 K. cited in the table; " which show very good agreement at

room temperature. The temperature independence reported in
the study of Choo and L&lis adopted in the evaluation. The
preferred values are identical to those in our previous evalu-
ation, IUPAC, 1997 Channel(1) accounts for 78 20% of

the total reactiort:*

(d)  Oy(*2)) generated by the reaction &) + O,— O
+ Oz(qig), with O(*D) atoms being produced from
308 nm pulsed laser photolysis 05O

(e Rate coefficient for global reaction of 03 ;) with
O3 was derived by modeling the temporal behavior of

O(®P) and O¢D) atoms. References
(f) Based on the data of Gilpiet al,! Slanger and Black,

Choo and Led,and Shi and Barkef. LR. Gilpin, H. I. Schiff, and K. H. Welge, J. Chem. Phy, 1087(1979.
(g) See Comments on Preferred Values. 2D. R. Snelling, Can. J. Cherd2, 257 (1974.

3T. G. Slanger and G. Black, J. Chem. Phy8, 3434(1979.
4S. T. Amimoto and J. R. Wiesenfeld, J. Chem. PH§%.3899(1980.
5K. Y. Choo and M.-T. Leu, Int. J. Chem. Kinet7, 1155(1985.
j.]. Shi and J. R. Barker, Int. J. Chem. Kin22, 1283(1990.
_ —11 s1 o1 ; A. A. Turnipseed, G. L. Vaghjiani, T. Gierczak, J. E. Thompson, and A.
k=2.2x10 ! cm® molecule * s™1, independent of tem- R. Ravishankara, J. Chem. Phgs; 3244(1991),
perature over the range 295-360 K. 8NASA Evaluation No. 12, 1997see references in Introduction
k;=1.5x10* cm® molecule ! s™! at 298 K. °|UPAC, Supplement V, 1997see references in Introduction

Preferred Values

O, + hv — products

Primary photochemical transitions

Reaction AH°/kJ-mol™* NthreshodM
0,+hv — OCP) + OCP) 494 242
— O(P) + O(‘D) 683 175
— O(*D) + O(*D) 873 137
— 0P + 0o}y 898 132

Absorption cross-section data

Wavelength range/nm Reference Comment
230-280 Oshima, Okamoto, and Koda, 1995 @
240-270 Yoshinet al, 1995 (b)
205-240 Yoshinet al, 1988 ()
Comments to measure photoabsorption cross-sections 0inQhe

Herzberg | band$240—-270 nm Precise band oscilla-

The effect of ized forei the photoab-
@ © etlect of pressunzed foreign gases on e pnotoa tor strengths of thé€4,0—(11,0 bands were obtained,

sorption of Q in the Herzberg bands and Herzberg hich ‘anificantly hiaher th . .
continuum(230-280 nm was studied. The values of which were sighiticantly higher than previous experi-
mental values.

the cross-sections in Oand GQ—N, mixtures under ) L
. 20 N, . (c) Analysis and combination of data of Cheueigal * and
various pressures were in good agreement with the pre- . 5
. . Jenouvrieret al.
vious literature.

(b) High resolution FT spectromet(®.06 cm ') was used
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Preferred Values absorption in the S-R bands for calculating UV transmission
and photolysis rates have been presented by Muttaayi
Absorption cross-section of O, in the 205— 240 nm region of the by Nicolet and Kenne&
Herzberg continuum The effect on ozone formation in the 214 nm photolysis of
Anm 10?4 olcn? rnm 10%* olom? oxygen due to @0, collision pairs at high @pressure and
the effect of high N pressure has been studied by Horowitz
283 ;82 ggg 3-22 et al?® Greenblatiet al?® studied the absorption spectrum of
209 6.68 997 598 O, and Q-0, collision pairs over the wavelength range
211 6.24 229 263 330-1140 nm for @ pressures from 1 to 55 bar at 298 K.
213 5.89 231 2.25 Band centers, bandwidths, and absorption cross-sections
215 5.59 233 1.94 were reported for the absorption features in this wavelength
217 5.13 235 1.63 region?®
219 4.64 237 1.34
221 4.26 239 1.10
240 1.01 References

1y. Oshima, Y. Okamoto, and S. Koda, J. Phys. Che#).11830(1995.
Comments on Preferred Values 2K. Yoshino, J. R. Esmond, J. E. Murray, W. H. Parkinson, A. P. Thorne,
The recommended absorption cross-section values for th@E- gbg"ﬁ_r"-:ag‘eg agd gr']ec‘:; Jj Cgegéggﬁ?@243(1§§r?(:nson -
. . °K. Yoshino, A. S. C. Cheung, J. R. , W. H. Parkinson, D. E.
Herzgerg continuum are taken from the StUdy of Yoshino Freeman, S. L. Guberman, A. Jenouvrier, B. Coquart, and M. F. Merienne,
et al,” where values are tabulated for every nm from 205 to Planet. Space Sc&6, 1469(1988.
240 nm. These values were derived from an analysis andA. S. C. Cheunlg, K. Yoshinw. H. P(arkir(;son, S. L. Guberman, and D.
; ; 4 ; E. Freeman, Planet. Space . 1007 (1986.
Comgmatlon of the data_ of Cheurg al: ,and Jenouvrier 5A. Jenouvrier, B. Coquart, and M. F. Merienne, J. Quant. Spectrosc. Ra-
etal’ These data are in agreement with the results of giat. Transf.36, 349(1986.
Johnstoret al.® and are consistent with the lower absorption jH. S. Johnston, M. Paige, and F. Yao, J. Geophys. 8&<.1661(1984.
cross-section values inferred from balloon-borne measure;J- E. Frederick and J. E. Mentall, Geophys. Res. L%td61 (1982
ts of lar irradi tt ti in th trat h baJ. R. Herman and J. E. Mentall, J. Geophys. RB¥s.8967(1982.
ments or solar Irradiance attenuation In the StratoSpnere DY p anderson and L. A. Hall, J. Geophys. R€8, 6801 (1983; 91,
Frederick and Mentall Herman and Mentaf,and Anderson  14509(1986.
and Hall® Herzberg continuum cross-section values undefK. Yoshino, J. R. Esmond, A. S. C. Cheung, D. E. Freeman, and W. H.
_ _ Parkinson, Planet. Space S40, 185(1992.
the SChumar.m Rung&-R) bands (200 nm. havleo recently K. Yoshino, D. E. Freeman, J. R. Esmond, and W. H. Parkinson, Planet.
b_eep.determlned more accurately _by Yoshenal. and are Space Sci31, 339(1983.
significantly smaller than any previous values. The new dat&k. Yoshino, D. E. Freeman, and W. H. Parkinson, J. Phys. Chem. Ref.
from Oshima etal® and Yoshinoetal® relate to the  Datal3 2?]7 (1984. y y
Herzberg bound system in the region beyond the photodis-?' ghfs'fscz i‘;gg’(fggfs ino, W. H. Parkinson, and D. E. Freeman, Can.
sociation threshold for © and do not affect the preferred i Yoshinc’), D. E. Freeman, J. R. Esmond, and W. H. Parkinson, Planet.
cross-sections for the photolysis of atmospherjc O Space Sci35, 1067(1987).

In the Schumann-Runge wavelength regitti7r5—200 15K. Yoshino, D. E. Freeman, J. R. Esmond, R. S. Friedman, and W. H.
. . . L Parkinson, Planet. Space S86, 1201(1988); 37, 419 (1989.
nm),.a detailed apalyss of the penetratlon of solar raQ|at|oneA_ S. C. Cheung, K. Yoshino, D. E. Freeman, R. S. Friedman, A. Dal-
requires absorption cross-section measurements with verygarmo, and W. H. Parkinson, J. Mol. Spectrok84, 362 (1989.
high spectral resolution. Absorption cross-section values fot'A. S. C. Cheung, K. Yoshino, J. R. Esmond, S. S. L. Chiu, D. E. Freeman
_ _ _and W. H. Parkinson, J. Chem. Phgg, 842(1990.
the_(O, 0). (12, 0 8_15 bands measured by the H.arvard 183, S. L. Chiu, A. S. C. Cheung, K. Yoshino, J. R. Esmond, D. E. Freeman,
_Smﬁhsoman grou]_ﬁ are the first set _of values whlch_ are  and W. H. Parkinson, J. Chem. Phgg, 5539(1990.
independent of instrumental resolution. Band oscillator*®K. Yoshino, J. R. Esmond, A. S. C. Cheung, D. E. Freeman, and W. H.
strengths for these bands have been determined by direg?afk!nsorr"v J. Geophys. Re#5, 11743(1990”- . .
numerical integration of these absolute cross-section values.gé';"g'fcl(‘;"l%”;(rl’g%; Anderson, L. A. Hall, and K. Yoshino, J. Geophys.
; 20,21 : ; >0 : )
Minschwaneret al=“* have fitted Q cross-sections for the 2k minschwaner, R. J. Salawitch, and M. B. McElroy, J. Geophys. Res.
frequency range 49 000-57 000 ¢in(175—-204 nm with 98, 10543(1993. _ o
temperature-dependent polynomial expressions for the ten) ‘Atmospheric  Ozone 1985, World Meteorological Organization,
¢ 130-500 K . the latest laborat Geneva, Switzerland, Global Ozone Research and Monitoring Project, Re-
perature range 130— using the latest laboratory spec-p, no. 16, Chapter 71986.
troscopic data. This model provides an efficient and accurat®p. p. Murtagh, Planet. Space S85, 819 (1988.
means of determining S-R band absorption cross-sections ?;‘M Nicolet and R. Kennes, Planet. Space $ai. 459 (1989.
0.5 cmi ! resolution. These high resolution calculated values ﬁgggr_";v‘{tzz's’(\)’;l(slcghgng'de“ and G. K. Moortgat, J. Phys. Ch88.7859
. 2 0] y y .
differ from the WMG™ recommendations by up to 10-20% 2sg p, Greenblatt, J. J. Orlando, J. B. Burkholder, and A. R. Ravishankara,

at some wavelengths. Mean-band parameterizations,of O J. Geophys. Re®5, 18577(1990.
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O3 + hv — products
Primary photochemical transitions
Reaction AH/kJ-mol™t NthresholdNM
Os+hv — OCP) + 0,(°3) 1) 101 1180
— OCP) + Oy(*Ay) 2 196 611
— OCP) + 0y('2y) &) 258 463
— O('D) + 0,(%3) 4 291 411
— O('D) + Oy(*Ay) (5) 386 310
— O('D) + O,('3) (6) 448 267
— 30(P) 7) 595 201
Absorption cross-section data
Wavelength range/nm Reference Comment
245-350 Bass and Paur, 1985 @
185-350 Molina and Molina, 1986 (b)
253.7 Mauersbergest al, 1986+ ()
175-360 WMO, 1986 (d)
410-760 Burkholder and Talukdar, 1§94 )
195-345 Malicett al, 1995 )
Quantum yield data
Measurement Nnm Reference Comment
¢ [O(CP)] 275 Fairchildet al, 1978 (9)
¢ [0(P)] 266 Sparket al, 1980 (h)
¢ [0(*D)] 297.5-325 Brock and Watson, 1980 (i)
¢ [0(*D)] 266 Brock and Watson, 1980 )
¢ [0(*D)] 248 Amimotoet al, 19802 (K)
¢ [O(*D)] 248 Wine and Ravishankara, 1983 0
¢ [0(*D)] 275-325 Trolier and Wiesenfeld, 1948 (m)
¢ [O(*D)] 222,193 Turnipseedt al, 19915 (n)
¢ [O(*D)] 221-243.4 Coopeet al, 1993 (0)
¢ [0,(*Ag)] 300-322 Ball and Hancock, 1995 (p)
¢ [0,(*2g)] 287-331 Ballet al, 1995% )
¢ [0,(*Ag)] 300-322 Ball, Hancock, and Winterbottom, 1495 (n
¢ [0(*D)] 300-355 Armerding, Comes, and Schulke, 1895 (s)
¢ [O(*D),0(P),0,] 193 Strangest al, 1995 ()
¢ [O(*D),0¢P)] 308-326 Takahashi, Matsumi, and Kawasaki, 7896 (u)
¢ [0(*D)] 301-336 Silventet al, 19963 )
Comments (e) Measured with a diode array spectrometer. The cross-
(@ Measured at 226—298 K with a spectral resolution of sections were independent of temperature.

(b)

(©

(d)

0.07 nm. ®
Measured at 200—300 K with a spectral resolution of
0.025 nm. Relative values were normalized to a value
of 1147x10 2% cn? at the 253.65 nm mercury line.
Measured at 297 K and, in a later stubipver the
temperature range 195-351 K at the 253.65 nm mer-
cury line.

Critical review of all published data. Recommended
values were given for standard spectral intervals from
175-360 nm for 203 and 273 K.

Absolute cross-sections fors@bsorption in the range
195-345 nm were measured at high resolution
(AN=0.01-0.02 nm using a conventional absorption
cell - monochromator combination, with ozone being
measured manometrically. The temperature depen-
dence of absorption in the Hartley and Huggins bands
was also measured over the range 218-295 K. A small
increase ino with decreasing temperatufé.0% over

the whole temperature rangewas observed at
A=253.6 nm, near the maximum in the Hartley band,

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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in agreement with earlier dafaat 298 K, o(253.65
nm)=(113.05£1.1)x10 ° cn? molecule ~*. In the
Huggins band$300—-345 nm there was a larger tem-
perature dependenc¢ep to 50%, which increased pro-
gressively to longer wavelengths. In contrast to the
Hartley band there was a decreaseriwith decreasing
temperature.

Photofragment spectroscopy of.0OThe co-product is
0,(32 ") with a value of¢(1)=0.1.

High resolution photofragment spectroscopy, giving
$(1)=0.1.

Laser photolysis of @-N,O mixtures. The NO prod-
uct of the O¢D) atom reaction with DO was mea-
sured by chemiluminescence from BO

Pulsed laser photolysis. é®) atoms were monitored
by RF. ¢(1)=0.12+0.02 at 266 nm.

Pulsed laser photolysis. é®) atoms were monitored
by RA. ¢(1)=0.15+0.02 at 248 nm.

Pulsed laser photolysis. é®) atoms were monitored
by RA. ¢[O(P)]=0.093-0.028 and ¢[O(*D)]
=0.907=0.028 at 248 nm.

Pulsed laser photolysis of ON,O mixtures. OfD)
atom quenching by COwas monitored by infrared
chemiluminescence from GO

Pulsed laser photolysis. é®) atoms were monitored
by RF. ¢[O(°P)]=0.12+0.02 and$[O(*D)]=0.87 at
222 nm.

Pulsed laser photolysis. &Ip) atoms were detected by
weak 630 nm fluorescence emission from DY

— O(CP). Relative measurements @fO(*D)] were
normalized to[O(*D)]=0.87 at 222 nm using the
data of Turnipseeet al.'®

Relative quantum yields of £'A) from pulsed laser
photolysis of Q in the range 30€\ <322 nm were
measured by2+1] resonance enhanced multiphoton
ionization (REMPI) at 227 K. For A>309 nm,
#[0,(*A)] at 227 K falls more rapidly than observed
at 298 K?* confirming that the internal energy of;O
contributes to formation of g§*A), just beyond the
310 nm threshold for spin allowed production of the
two singlet products of channgb). At A>320 nm,
#[0,(*A)] was approximately equal at the two tem-
peratures, and substantially larger than recent measure-
ments of(O'D), suggesting a spin-forbidden channel
for O,(*A) production [e.g., channel (2)], with
$(2)=0.1 at 320 nm.

Kinetic energies of the @A) fragment of Q pho-
tolysis in the range 287.57 and 331.52 nm were mea-
sured by time-of-flight mass spectrometry. Between
308 and 318 nm, dissociation is dominated by the spin-
allowed dissociation channgl5). At longer wave-
lengths, photofragments with higher kinetic energies
are produced, consistent with the occurrence of the spin
forbidden process, channgl).

(r)

(s

()

(u)

(v)
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The data for the temperature dependence of
#[O,(*A)] reported in earlier publicatiohs'®?*were
compared with earlier data fas[O(*D)]. At 300—309

nm there is no temperature dependence of the yield of
either photoproduct. In the falloff region, at 307-319
nm there is good agreement between the measured
yields of O,(*A) and recent modeling calculations by
Michelsonet al,? which take into account dissociation
of internally excited ozone molecules for the formation
of O(*D) atoms.

#[O(*D)] in the wavelength range 300—330 nm and at
355 nm were determined by observation of the LIF of
OH radicals produced by the reaction of photofragment
O(*D) with H,0. ¢[O(*D)] was determined to be
unity at 302.5 nm, decreasing to 0.6 at 310 nm with a
characteristic “saddle” point at 315 nm and with a
long wavelength tail extending to a threshold between
331 and 333 nm. No OD) was detected at 355 nm.
Photodissociation of ©at 193 nm studied using high
resolution photofragment translation spectroscopy.
Time-of-flight spectra for @ and O were determined.
O, production in*A4, 'S and highly excited triplet
states was observed. Evidence was seen for a small
contribution from channe(7).

The photofragment yield spectra of 1Y) and O¢P)
atoms produced in the photodissociation of i@ the
Huggins band system over the range 308—326 nm were
determined using vacuum ultraviolet LIF. The ®Y
atom yield exhibited vibrational structure as in the ab-
sorption spectrum in the Huggins band, whileDy
showed a smooth dependence on wavelength. The
quantum yield of OD), calculated using the absorp-
tion spectrum of Molina and Molina,showed a dis-
tinct “tail” for the region beyond the threshold for
channel(5) at 310 nm, as has been reported in some
previous studie$®** and for the co-product from the
spin allowed channdB), O,(*A), reported by Ball and
coworkerst’~1924The “tail” in ¢[O(*D)]in the wave-
length range 310—321 nm is attributed to hot band ex-
citation of the repulsive limb of the excited state
(B, or ?A;) correlating to the singlet products. The
non-zero formation of G) at A >321 nm was tenta-
tively attributed to the spin forbidden process produc-
ing O('D)+0,(°%y).

Relative quantum yields for ®D) measured indirectly
via LIF detection of vibrationally excited OH radicals
produced in the GD)+H, reaction. Use of blue-
shifted LIF gave high detection sensitivity and elimi-
nated probe laser interference. A significant'D)
quantum yield ai>320 nm was confirmed. A mea-
surable quantum yield of-0.05 was observed out to
336 nm, which was assigned to the spin-forbidden
channel(4).
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Preferred Values

Ozone absorption cross-sections averaged over spectral inter-

vals
107 107 100
alem? aglcm?  alen?
Int # N/nm 273K Int# N/nm 273 K 203K
1 175.4-177.0 81.1 31 238.1-241.0 797 797
2 178.6 79.9 32 243.9 900 900
3 180.2 78.6 33 246.9 1000 1000
4 181.8 76.3 34 250.1 1080 1085
5 183.5 72.9 35 253.2 1130 1140
6 185.2 68.8 36 256.4 1150 1160
7 186.9 62.2 37 259.7 1120 1130
8 188.7 57.6 38 263.2 1060 1060
9 190.5 52.6 39 266.7 965 959
10 192.3 47.6 40 270.3 834 831
11 194.2 42.8 41 274.0 692 689
12 196.1 38.3 42 277.8 542 535
13 198.0 34.7 43 281.7 402 391
14 200.0 32.3 44 285.7 277 267
15 202.0 314 45 289.9 179 173
16 204.1 32.6 46 294.1 109 104
17 206.2 36.4 47 298.5 62.4 58.5
18 208.3 43.4 48 303.0 34.3 31.6
19 210.5 54.2 49 307.7 18.5 16.6
20 212.8 69.9 50 3125 9.80 8.67
21 215.0 92 51 317.5 5.01 4.33
22 217.4 119 52 322.5 2.49 2.09
23 219.8 155 53 327.5 1.20 0.937
24 222.2 199 54 332.5 0.617 0.471
25 224.7 256 55 337.5 0.274  0.198
26 227.3 323 56 342.5 0.117 0.077
27 229.9 400 57 347.5 0.059 0.017
28 232.6 483 58 352.5 0.027 -
29 235.3 579 59 357.5 0.011 -
30 238.1 686 60 362.5 0.005 -

0=(1143+15%10"%° cn? molecule * at 253.7 nm at 298 K.
o=(1154+15)x10"?° cn? molecule’* at 253.7 nm at 220 K.

Ozone absorption cross-sections in the visible spectral region

A/nm 10?2 ofcm? Anm 162 ofcm?
410 1.2 560 394
420 2.2 580 459
440 11.2 600 511
460 32.8 620 400
480 68.4 640 296
500 122 660 209
520 182 680 136
540 291 700 91

o is independent of temperature in the wavelength region 410—700 nm.

Quantum yields for O (D) production from O 5 photolysis at 298 K

Wavelength/nm $[O(*D)] Wavelength/nm $[OYD)]

300 0.950 314 0.238
301 0.965 315 0.235
302 0.975 316 0.221
303 0.985 317 0.209
304 0.990 318 0.194
305 0.980 319 0.178
306 0.950 320 0.148
307 0.877 321 0.121
308 0.773 322 0.097
309 0.667 323 0.092
310 0.600 324 0.080
311 0.388 325 0.070
312 0.303 330 0.050
313 0.262 335 0.050

271<A<300: ¢ [O(*D)]={1.98+301A)} where\ is the wavelength in
nm.

222<\<271: ¢ [O(*D)]=0.87.

222<\<271: ¢ [O(°P)]=0.13.

Comments on Preferred Values

Absorption cross-section§he recommended absorption
cross-section values at 273 K for the wavelength range 175—
362 nm are averaged values for the standard spectral inter-
vals used in atmospheric modeling calculations. These val-
ues have been adopted from earlier evaluatiONASA
199428 JUPAC, 19977) which accepted the values tabulated
in the WMO review: except for the region 185-225 nm
where the values were taken from the study of Molina and
Molina? Recommended values at 203 K in the Huggins
bands are also taken from the WMO revieand are based
on the data of Bass and Pdur.

The new work of Maliceet al.” provides detailed data on
the absolute absorption cross-sections of ozone and their
temperature dependen¢218—295 K over the wavelength
range 195-345 nm. The measurements are at sufficient reso-
lution to resolve the vibrational structure in the Huggins
bands. The data are generally in excellent agreement with
earlier measurements, although there are small differences in
detail in specific regions of the spectrum. At wavelengths
below 240 nm the cross-sections are identical with those of
Molina and Molina? confirming the basis of the recom-
mended values in this range. In the range 240-335 nm the
new data are between 1.5% and 3.0% lower than Molina and
Molina? but about 1.5% higher than Yoshies al.?® and are
very close to the data of Bass and Paup to 310 nm. In the
Huggins bandsX>310 nm, shifts of +0.05 nm in the vi-
brational structure are apparent in the Bass and'Raatg,
which may be due to error in the wavelength calibration.
This gives rise to small but significant differences in the
individual cross-sections and their temperature dependence.
Nevertheless the small differences do not influence the aver-
aged cross-sections sufficiently to warrant revision of the
recommended values for calculation of the atmospheric pho-
toabsorption rates of ozone in the Huggins bands. For cross-
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Fic. 1. Recent measurements of the quantum yields for productiori6)O  Fie. 2. Quantum yields for production of(@) and GQ(*A) from photolysis
and Q(*A) from photolysis of 0zoned¢[O(*D)]: (+)=Brock and Watson of ozone.(®)=¢[O(1D)], preferred values from this evaluation at 298 K;
(Ref. 10; (X)=Trolier and WieseneldRef. 14; (A)=Armerding et al. (O)=¢[0,(*A)] at 227 K, Ball and HancockRef. 17. (—) calculated
(Ref. 20; (W)=Takahashiet al. (Ref. 22; (O)=Silventeet al. (Ref. 23; curve for ¢{O(*D)] from Michelsonet al. (Ref. 29 at 298 K; (---) calcu-
S[O,(*A)]; (O)=Ball et al. (Refs. 19 and 24 (A)=Ball and HancocKRef. lated curve forg{O('D)] from Michelsonet al. (Ref. 25 at 227 K.

17) (298 K); (¢) Ball and Hancock(Ref. 17 (222 K). (—) shows our

previous recommendatigitUPAC, 1997 (Ref. 27 which is the same as in

the NASA 1994 evaluatioRef. 26.

ously recommended for the range 280—305 nm. In the “tail”
sections at high resolution, the data of Maliee®l,” which  region (\ >310 nm) there is a distinct shoulder between 314
is available in digital form from the authors, is recom- and 318 nm wheres[O(*D)] and ¢>[OZ(1AQ)] are approxi-
mended. mately invariant with wavelength. At>318 nm both quan-
Malicet et al.” observed a weak temperature dependencéum yields declinerﬁ[oz(lAg)] remains in excess of 0.1 out
near the maximum in the Hartley band, leading to an in-to 325 nm, whileg[O(*D)] declines to between 0.05 and 0.1
crease of approximately 1% in between 295 and 218 K, in at 325 nm and the provisional data of Silveeteal.,?® using
agreement with earlier work of Molina and Molfhand Bar- ~ a sensitive indirect technique, indicaggO(*D)] of ~0.05
nes and MauersbergérThe values recommended for the out to 336 nm.
cross-section at 253.7 nm have been obtained by averaging The recommended values fap[O(*D)] covering the
the data of Daumoret al,?® Malicetet al,” Hearn®° Molina  range 300—-335 nm at 298 K, are obtained by taking a
and Molina? and Mauersberger and cowork&tsThe new  smooth curve through the mean of the experimental values
recommendation is slightly lower than previously given onreported by Brock and Watsdfi, Trolier and Wiesenfeld?
the basis of the latter three studies. Armerding et al,?° Takahashiet al,?? and Silventeet al*
Ozone cross sections in the Chappuis batBE0—750 (for A>325 nm only.
nm), which are independent of temperature, are taken from There are several studi¢Brock and Watson! Amimoto
Burkholder and Talukddt. et al,'> Wine and Ravishankarg, Turnipseedet al® and
Quantum YieldsRecent data for the quantum vyield for Cooperet al1®) which show that in the wavelength range
O(*D) atom production and its co-product in the spin-222—275 nm¢[O(*D)] is between 0.85 and 0.90 without
allowed dissociation channé3) give clear evidence for sub- significant variation. Fairchilcet al® and Sparket al? re-
stantially enhanced dissociation into electronically excitedport significant OtP) production in the Hartley Band at 275
products beyond the threshold at 310 nm. This warrants and 266 nm. Brock and WatsdfTrolier and Wiesenfeftf
complete revision in the recommended quantum vyields foand Armerdinget al?° observed a decline i[O(*D)] be-
O(*D) production, compared to previous NASAand low 305 nm. The preferred values fgr [O(*D)] at wave-
IUPAC?’ evaluations, which neglected the “tail” in lengths below 300 nm follow the recommendation of Mich-
#[O(*D)] observed in some studies at wavelengths beyonélson etal?® on the basis of these data, i.e. for
312 nm. 271<X <300 the expression is a linear fit to the data of
The recent data for AD) atom and @(*Ay) quantum  Trolier and Wiesenfeld? ¢[O(*D)]={1.98-(301A)} where
yields at room temperature as a function of wavelength ara is the wavelength in nm; for 222\ <271 nm,¢[O(*D)]
given in Figures 1 and 2, together with earlier data from=0.87. These are in much better overall agreement with ex-
Brock and Watsolf and Trolier and Wiesenfeltf. Several periment than the previous NASAand IUPAC’ recom-
points relevent to the evaluation can be noted. Firstlymendations.
#[O(*D)] at 305 nm as measured by Brock and Watfbn, There are currently no direct measurementspp®(*D)]
Trolier and Wiesenfeld? and Armerdinget al?® is close to  at lower temperatures. Recent data on the temperature depen-
unity, i.e., higher than the value of 0.95 which was previ-dence of¢[02(1Ag)] show a more rapid fall off at wave-
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lengths>310 nm at 227 K compared to room temperature References

(see Figure L However, at both temperaturdz{oz(lAg)] . _ ,

declines to a limiting value of-0.13 which, together with ~ “M: Bass and R. J. PauAtmospheric Ozoneroceedings of Quadren-

] . . . nial Ozone Symposium in Halkidiki, Gree¢®. Reidel, Dordrecht, The

the evidence from the time-of-flight experiments of Ball Netherlands, 1985pp. 606-616.

et al’® strongly points to a contribution from the spin- 2m. J. Molina and L. T. Molina, J. Geophys. Re, 14501(1986.

forbidden channe(2). This precludes making a recommen- °K. Mauersberger, J. Barnes, D. Hanson, and J. Morton, Geophys. Res.

dation for the temperature dependence¢§O('D)] on the et 13 671(1986.

basis of thep[O,(*A )] measurements. Earlier indirect mea- ). Bames and K. Mauersberger, J. Geophys. B2s14861(1987). _
: WMO Global Ozone Research and Monitoring Project Report No. 16:

surements of Lin and DeMot&(275-320 nmat 233 K and Atmospheric Ozone 1985, Chapte(T986.

Kuis et al® (313 nm) in the range 221-293 K show that 63, B. Burkholder and R. K. Talukdar, Geophys. Res. 1241581 (1994,

#[O(*D)] falls off more rapidly at wavelengthis 310 nm at ~ 7J. Malicet, D. Daumont, J. Charbonnier, C. Parisse, A. Chakir, and J.

low temperature. These temperature effects have recentlyBrion, J. Atmos. Chem21, 263 (1995.

been considered in a model in which vibrationally and rota- S'Q%Fa'mh"d' E.J. Stone, and G. M. Lawrence, J. Chem. F%/$5262

tionally ex_citec_j ozone molecule_s Contribute_ to excited prod-ep éparks, L. R. Carlson, K. Shobatake, M. L. Kowalczyk, and . T.

uct formation in channel5).?® This modef® gives a reason-  |ee, 3. Chem. Phys2, 1401 (1980.

able description in the region between 310 and 320 nm of th&J. C. Brock and R. T. Watson, Chem. Phy6, 477 (1980.

recommended 298 K data as well as the low temperature dat&. C. Brock and R. T. Watson, Chem. Phys. L&t, 371 (1980.

for ¢[02(1Ag)] at A<315 nm, as shown in Figure 2. The 123, T. Amimoto, A. P. Force, J. R. Wiesenfeld, and R. H. Young, J. Chem.

model does not include any contribution from the spin-lgphys'mi 3640(1980.

. . . P. H. Wine and A. R. Ravishankara, Chem. Phys. 196f.129(1983.
forbidden channels, which are likely to show much less temasy; rglier and J. R. Wiesenfeld, J. Geophys. Res9® 7119(1988.
perature dependence. Very recent data reported by Takahashi. A. Turnipseed, G. L. Vaghijiani, T. Gierczak, J. E. Thompson, and A.
et al,>® who have observed Doppler profiles of the nascent R. Ravishankara, J. Chem. Phg&, 3244(1991.

O('D) atom photofragments at 227 K, confirm that the *°I- A. Cooper, P. J. Niell, and J. R. Wiesenfeld, J. Geophys. 8&sL2795

O(lD).atomS formed b.y photolysis a.t Wavelengths_ COM&-175 M. Ball and G. Hancock, Geophys. Res. Leg, 1213(1995.

sponding to the peaks in the;@bsorption spectrum in the 183. M. Ball, G. Hancock, J. C. Pinot de Moira, C. M. Sadowski, and F.

range 317-327 nm arise from the hitherto unobserved spin-winterbottom, Chem. Phys. Le®45, 1 (1995.

forbidden predissociation Cl)ID)+OZ(3Eg) products. Earlier *°S. M. Ball, G. Hancock, and F. Winterbottom, J. Chem. Soc. Faraday

recommendations for the temperature dependence wegadi’iscus-loq_ 215(1995. i

based on the work of Moortgat and KudsZd&ut these are Vl’éé”merd'”g' F. J. Comes, and B. Stkey J. Phys. Chemd9, 3137

not considered reliable in the light of the recent work. How—zl(D. s?énges, X. Yang, J. D. Chesko, and A. G. Suits, J. Chem. RBgs.

ever, in the absence of experimental data no preferred valuesos7 (1995,

are given forg[O(*D)] at low temperatures. For atmospheric K. Takahashi, Y. Matsumi, and K. Kawasaki, J. Phys. Ch@@ 4084

modeling, the parameterization fgf O(*D)] given by Mich- (1996.

elson et al® is recommended, with an additional term of 23(E:h esri]'q"e;‘rt]e*s RLeft'zﬁcgg’(l“ggf)he”g’ E. S. Saltzman, and A. J. Hynes,

0.05 forA>320 nm to account for the spin-forb_idden COM- 245 . .BaII,yG.. Hancc;ck, 1. J. MLllrphy, and S. P. Rayner, Geophys. Res.

ponent. At wavelengths below 305 nm, experiments show | et 20, 2063(1993.

that [O(*D)] is invariant with temperature. 5H. A. Michelson, R. J. Salawitch, P. O. Wennberg, and J. G. Anderson,
In view of the indications that both spin-allowed and for- _Geophys. Res. Let21, 2227(1994.

. . - . o 26 i i
bidden dissociation channels occur in parallel, it is not poss,NASA Evaluation No. 11, 1994see references in Introduction
IUPAC, Supplement V, 1997ee references in Introductipon

sible 'tO assign the ylelds of éI()) or O( P) atoms to SpECIfIF: 28K Yoshino, J. R. Esmond, D. E. Freeman, and W. H. Parkinson, J. Geo-
reactions over much of t_he_range. In the Ha_rtley band, time- phys. Res98, 5205(1993.

of-flight measurements indicate that the spin-allowed chanZ*D. D. Daumont, J. Brion, J. Charbonnier, and J. Malicet, J. Atmos. Chem.
nels (1) and (5) account for the observed products. In the 15 145(1992.

. o . . . 30
Huggins bands, additional minor contributions fr¢® and A G- Heam, Proc. R. Phys. Soc. Lond@8, 932 (1961
C.-L. Lin and W. B. DeMore, J. Photocher, 161 (1973.

(4) are evidently occurring. In the Chappuis bands, dissoCiaszg y,is r. Simonaitis, and J. Heicklen, J. Geophys. B8s1328(1975.

tion to ground state products is generally assumed. 33K, Takahashi, M. Kishigami, Y. Matsumi, K. Kawasaki, and A. Orr-
Two field studies in which chemical actinometer measure- Ewing, J. Chem. Phys.05 5290(1996.

ments of(O'D) have been compared with values calculated®G. K. Moortgat and E. Kudszus, Geophys. Res. L&tt191(1978.

. .. 35
from simultaneously measured actinic flux spectra have been™- Muller, A. Kraus, and A. Hofzumahaus, Geophys. Res. L22(.679

35 36 (1995.
reported recen_ﬂy by Mulleet al.*>and Shetteet al_" . BIOth 36R. E. Shetter, C. A. Cantrell, K. O. Lantz, S. J. Flocke, J. J. Orlando, G. S.
support the existence of the long wavelength taiti©"D) Tyndall, T. M. Gilpin, C. A. Fischer, S. Madronich, J. G. Calvert, and W.
in atmospheric photolysis rates. Junkermann, J. Geophys. Ra€1, 14631(1996.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997



1358

ATKINSON ET AL.

4.2. Hydrogen Species

H+H02—>H2+02 (1)
— 2HO (2)

AH°(1)=-232.6 kJmol™!
AH°(2)=—154.0 kJmol !
AH°(3)=—225.2 kJmol !

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

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

(7.4+1.2)x10% 245-300 Sridharan, Qiu, and Kaufman, 1982 DF-RF
(8.7x1.5x10% 245-300 Keyser, 1986 DF-RF
Branching Ratios
k, /k=0.08+0.04 245-300 Keyser, 1986
k,/k=0.90+0.04
ks /k=0.02+0.04
Reviews and Evaluations
8.1x10 % 245-300 NASA, 199% (@
8.0x107 11 245-300 IUPAC, 1997 (b)

Comments

(a Based on the data of Sridharahal® and Keysef.
(b) See Comments on Preferred Values.

Preferred Values

k=8.0x10 ! cm® molecule * s™1, independent of tem-
perature over the range 245-300 K.

k;=5.6x 10 *? cm?® molecule ! s~ 1, independent of tem-
perature over the range 245-300 K.

k,=7.2x10 * cm?® molecule ! s™1, independent of tem-
perature over the range 245-300 K.

ky=2.4x10 2 cm® molecule ! s~ 2, independent of tem-
perature over the range 245-300 K.

Reliability
Alog k==*0.1 over the temperature range 245—-300 K.
A(E/R)==*=200 K.
Alog k;==0.5 over the temperature range 245-300 K.
Alog k,==0.1 over the temperature range 245-300 K.
Alog ks==0.5 over the temperature range 245-300 K.

Comments on Preferred Values

The study of Keyséris the most detailed to date. Several

tios are the means of the values from these two studiés.
both cased? k;/k was not measured directly but obtained
by difference. A direct measurement of this branching ratio
is desirable.

The yield of Q(*24) has been measured by Hislop and

Wayne® Keyseret al.® and Michelangeliet al.” who report
values of(2.8+1.3)x10 4, <8x10 3, and<2.1x10 2, re-
spectively.

Keysef observed no effect of temperature on the rate co-
efficient k over the small range studied. This suggests that
the value ofk,=3.3x10" ' cm® molecule * s™! at 349 K
obtained by Pagsberg al® is too low or there is a substan-
tial negative temperature coefficient. We provisionally rec-
ommendE/R=0 but only over the temperature range 245—
300 K. The preferred values are identical to those in our
previous evaluation, [UPAC, 1997.

References

tu. C. Sridharan, L. X. Qiu, and F. Kaufman, J. Phys. Ch&®). 4569
(1982.

2L. F. Keyser, J. Phys. Cherl0, 2994(1986.

3NASA Evaluation No. 12, 1997see references in Introduction

4JUPAC, Supplement V, 1997see references in Introductipn

5J. R. Hislop and R. P. Wayne, J. Chem. Soc. Faraday Trai8, 306
(2977.

species were monitored and the possible effects of side rea¢i. F. Keyser, K. Y. Choo, and M. T. Leu, Int. J. Chem. Kin&¥, 1169
tions were carefully analyzed. Values obtained for the over-_(1985.

all rate coefficient and the branching ratios agree with the
values obtained by Sridhara al! who used a similar tech-
nique. The recommended values foand the branching ra-
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’D. V. Michelangeli, K.-Y. Choo, and M.-T. Leu, Int. J. Chem. King0,
915 (1988.

8p. B. Pagsberg, J. Eriksen, and H. C. Christensen, J. Phys. GBeh82
(1979.
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AH°=—203.4kJ-mol~!

Low-pressure rate coefficients

Rate coefficient data

ko/cm® molecule’* s71 Temp./K Reference Technique/ Comments

Absolute Rate Coefficients
5.33x107%2 (T/298) 177 [N,] 226-298 Kurylo, 1972 FP-RF
(5.46+0.7)X10 %2 (T/298) +*°[N,] 220-298 Wong and Davis, 1974 FP-RF
6.5xX10 %2 [N,] 298 Cobos, Hippler, and Troe, 1985 PLP-UVA (a)
6.2x10° %2 (T/300) 58 [N,] 298-639 Hstet al, 1989 DF-RF
2.9x10" % exf(825+ 130)/T] [N,] 298-580 Carleton, Kessler, and Marinelli, 1893 PLP-LIF/RA
4.6x10° %2 [N,] 298
3.9x10 % exd (600+ 1050/T] [H,0] 575-750

Reviews and Evaluations
5.7x10 32 (T/300) 1 [air] 220-600 NASA, 1997 (b)
5.4x10° %2 (T/300) %8 [N,] 200-600 IUPAC, 1997 ()

Comments

(@ Measurements of the falloff curve between 1 and 200R

bar, with determination ok, k.., andF..

(b) Based on the data of KuryfbWong and Davig, and
Hsuet al?

(c) See Comments on Preferred Values.

Preferred Values

ko=5.4x103%2 (T/300) 8 [N,] cm® molecule ! s !
over the temperature range 200—600 K.

Reliability
Alog ky==0.1 at 298 K.
An==0.6.

Comments on Preferred Values

The preferred values are an average of the results from
efs. 1-5. There is a single study of the full falloff cutve
which leads tok,,=7.5x10 ! cm® molecule * s™* at 298

K and a broadening factor &f,=0.55+0.15 at 298 K. The-
oretical modeling gived=.=0.66 at 298 K and suggests a
practically temperature-independent value kof over the
temperature range 200—-400 K.

References

IM. J. Kurylo, J. Phys. Chen¥6, 3518(1972.

2W. Wong and D. D. Davis, Int. J. Chem. Kind, 401 (1974).

3C. J. Cobos, H. Hippler, and J. Troe, J. Phys. Chaen 342 (1985.

4K.-J. Hsu, S. M. Anderson, J. L. Durant, and F. Kaufman, J. Phys. Chem.
93, 1018(1989.

5K. L. Carleton, W. J. Kessler, and W. J. Marinelli, J. Phys. Ché.
6412(1993.

6NASA Evaluation No. 12, 1997see references in Introductipn

"IUPAC, Supplement V, 1997see references in Introductipn
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O+HO—-0O,+H
AH°=-70.5 kJmol™?*

Rate coefficient data

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

2.01x10" 1 exgf (112+29)/T] 221-499 Lewis and Watson, 1980 DF-RF

6.65x 10710 T(~050:012) 250-500 Howard and Smith, 1981 DF/FP-RF
Reviews and Evaluations

2.2x10 1 exp(120/T) 220-500 NASA, 1997 (@

2.3x10 1 exp(1101T) 220-500 IUPAC, 1997 (b)

Comments studies at ambient temperatffés are also in excellent

agreement with these results. The reaction has been the sub-
ject of a number of theoretical studies; see framd
Miller.® The preferred values are identical to those in our
previous evaluation, IUPAC, 1997.

(a) Based on the data of Westenberg and deHdamsyis
and Watsort,and Howard and Smith.
(b) See Comments on Preferred Values.

Preferred Values

k=3.3x10 ! cm® molecule ! s7* at 298 K. References
k=2.3x10"'' exp(1107) cm® molecule * s™* over the
_ R. S. Lewis and R. T. Watson, J. Phys. Ché&#,. 3495(1980.
temperature range 220-500 K. 2M. J. Howard and I. W. M. Smith, J. Chem. Soc. Faraday Trarig, 897
(1982).

Reliability ®NASA Evaluation No. 12, 1997see references in Introductijon
Alogk=+0.1 at 298 K. “lUPAC, Supplement V, 1997see references in Introductijon
A(E/R)= -+ 100 K SA. A. Westenberg and N. deHaas, J. Chem. PB@s1550(1965.

( )==* : SW. H. Brune, J. J. Schwab, and J. G. Anderson, J. Phys. C8&m503
(1983.
Comments on Preferred Values L. F. Keyser, J. Phys. Cher7, 837 (1983.

: 8. J. Howard and I. W. M. Smith, Chem. Phys. Le®, 40 (1980.
The recommgnded temperature dep_endence Isfts)ased 0N, . Troe,22nd International Symposium on Combustion, 1888 Com-
least-squares fit of the data of Lewis and Watsamd bustion Institute, Pittsburgh, PA, 198%p. 843-862.

Howard and Smit%, which are in close agreement. Other °J. A. Miller, J. Chem. PhysB4, 6170(1986.

AH°=—224.5 kdmol™?*

Rate coefficient data

1

kicm® molecule * s~ Temp./K Reference Technique/ Comments

Absolute Rate Coefficients
3.1x10  ex{ (200 28)/T] 229-372 Keyser, 1982 DF-RF
(6.1+0.4x10" 11 299
(5.4+0.9x10" 296 Sridharan, Qiu, and Kaufman, 1982 DF-RF
(6.2+1.)x10" 298 Ravishankara, Wine, and Nicovich, 1883 PLP-RF
(5.2£0.8x10°* 300 Brune, Schwab, and Anderson, 1983 DF-RF
2.91x10 exd (228+ 75)/T] 266-391 Nicovich and Wine, 1987 PLP-RF
(6.30£0.9)x10™ 1! 298

Reviews and Evaluations
3.0x10™ 't exp(2001T) 220-400 NASA, 1997 @
2.7X10" 1 exp(2241T) 200-400 IUPAC, 1997 (b)

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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Comments In the two most recent studies of the reaction mechanism,

Keyseret al® have shown that the yield of 'S ) from
the reaction is<1x10 2 per HO, radical removed and
Sridhararet al® have shown, in af®O labeling experiment,
that the reaction proceeds via formation of an H&O in-
termediate which dissociates to HO af®0 by rupture of

(@ Based on the data of KeyskGridhararet al.? Ravis-
hankaraet al.® Bruneet al* and Nicovich and Winé.
(b) See Comments on Preferred Values.

Preferred Values

aldi 1
k=5.8x10" 1 cm® molecule * s7* at 298 K. yielding H'®O + OO.
k=2.7x10"1! exp(224/T) cm® molecule ! s~* over the
temperature range 220-400 K.

Reliability References
Alog k==*0.08 at 298 K.
A(E/R)= 100 K.
L. F. Keyser, J. Phys. Cher6, 3439(1982.
2U. C. Sridharan, L. X. Qiu, and F. Kaufman, J. Phys. Ch&@). 4569

Comments on Preferred Values 1982
The recommended rate coefficient at 298 K is the mean oBa. R. Ravishankara, P. H. Wine, and J. M. Nicovich, J. Chem. PA§s.
those obtained in the studies of KeydeBridharanet al.,? 6629(1983.

. . . . 4
Ravishankarat al,? Bruneet al.* and Nicovich and Wing, W H. Brune, J. J. Schwab, and J. G. Anderson, J. Phys. C&&m503

all of Wh'ch are in excellent agreement. The temperatures; w "nicovich and P. H. Wine, J. Phys. Che@i, 5118(1987).
coefficient is the mean of the values obtained by Keyaad ®NASA Evaluation No. 12, 1997see references in Introductipn
Nicovich and Wine, with the pre-exponential factor being ;'UPAC, Supplement V, 1997see references in Introductipn

based on this value &/R and the recommended valuelof - F: Keyser, K. Y. Choo, and M. T. Leu, Int. J. Chem. Kin2t, 1169
at 298 K. The pr_eferred values are identical to those in ours|j ¢ sridharan, F. S. Klein, and F. Kaufman, J. Chem. PBgs592
previous evaluation, IUPAC, 1997. (1985.

O + H202 e d HO + HOZ
AH°=-59.0 kJmol™?*

Rate coefficient data

k/cm® molecule t s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
2.75x107 2 exd —(2125+261)/T] 283-368 Davis, Wong, and Schiff, 1974 FP-RF
2.1x10° 15 298
1.13x10 2 ex — (2000+ 160)/T] 298-386 Wineet al, 1983 FP-RF
(1.45+0.29x10™ % 298
Reviews and Evaluations
1.4X10 2 exp(—20007) 280-390 NASA, 199¥7 (@
1.4x10 2 exp(—20001T) 250-390 IUPAC, 1997 (b)
Comments Reliability

Alog k=+0.3 at 298 K.

; 1 H 2
(@) Based on the data of Davet al." and Wineet al. A(E/R) = +1000 K.

(b) See Comments on Preferred Values.

Comments on Preferred Values

an O-0 bond rather than via a four center intermediate

The preferred values are based on the results of Davis

et al! and Wineet al2 and are identical to those in our pre-

Preferred Values vious evaluation, IUPAC, 1997 These two studies are in

agreement with regard to the temperature coefficient of the

k=1.7x10 1® cm® molecule * s™* at 298 K. rate coefficient, but the absolute valuekadiffer by a factor

k=1.4x10 12 exp(—2000m) cm® molecule ! s™! over  of 2 throughout the range. In both cases the pre-exponential
the temperature range 280-390 K. factor obtained is low compared with other atom—molecule

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997



1362 ATKINSON

reactions. To obtain the preferred values the temperature co-

ET AL.

References

efficient is accepted and the pre-exponential factor adjusted

to obtain agreement with the recommended valuk af 298
K, which is the mean of the values found in the two studies

Roscoé has discussed earlier work on this reaction, which

ID. D. Davis, W. Wong, and R. Schiff, J. Phys. Cher8, 463 (1974.
_2P. H. Wine, J. M. Nicovich, R. J. Thompson, and A. R. Ravishankara, J.
Phys. Chem87, 3948(1983.
3NASA Evaluation No. 12, 1997see references in Introduction

was invalidated by secondary reactions affecting the measypac Supplement V, 199%ee references in Introduction

surements.

O(*D) + H, » HO + H

— O(BP) + H,

AH°(1)=-181.6 kdmol™?
AH°(2)=—189.7 kJmol™*

5J. M. Roscoe, Int. J. Chem. Kinet4, 471 (1982.

(1)
(2)

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

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

(9.9+3)x107 ¢ 204-352 Davidsomt al, 19761 1977 (@

(1.18+0.12x10 % 297 Wine and Ravishankara, 1§81 PLP-RF(b)

(1.0+0.1)x10°10 298 Force and Wiesenfeld, 1981 (c)

(1.2£0.)x107 %0 298 Talukdar and Ravishankara, 1996 PLP-RF(d)
Reviews and Evaluations

1.1x10°%0 200-350 NASA, 1997 (e

1.1x10°1° 200-350 IUPAC, 1997 )

Comments

Pulsed laser photolysis of Qat 266 nm, with OD)
atoms being monitored by time-resolved emission a
630 nm.

O(®P) atoms were monitored by time-resolved reso-
nance fluorescence.

Pulsed laser photolysis ofsGat 248 nm. H and Gp)

(@

(b)
(©)

atoms were monitored by time-resolved absorption

spectroscopy.

O(CP) and H atom products were monitored by reso-
nance fluorescence.

Based on the data of Davidsost a Wine and
Ravishankard?® Force and Wiesenfetiand Talukdar
and Ravishankar.

See Comments on Preferred Values.

(d)
(e)

|.’1,2

(f)

Preferred Values

k=1.1x10 1% cm® molecule * s™1, independent of tem-
perature over the range 200-350 K.

Reliability
Alogk==*0.1 at 298 K.
A(E/R)==*=100 K.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997

Comments on Preferred Values
The recommended value is the mean of the values of
Davidson et al,»?> Wine and Ravishankara,Force and

RNiesenfeId‘f and Talukdar and Ravishankara]l of which

are in excellent agreement. Chanrig) appears to be the
dominant pathway ¥ 95%)?2 for the reaction. The preferred
values are identical to those in our previous evaluation,
IUPAC, 19977

Absolute rate constants and isotopic branching ratios have
recently been reportédor the reaction of O{D) with HD.
The k values were insigificantly different from the recom-
mendation for H, with a branching ratio OH/OB1.35
+0.20°

References

1J. A. Davidson, C. M. Sadowski, H. I. Schiff, G. E. Streit, C. J. Howard,
D. A. Jennings, and A. L. Schmeltekopf, J. Chem. Pl&.57 (1976.

2J. A. Davidson, H. I. Schiff, G. E. Streit, J. R. McAfee, A. L. Schmelt-
ekopf, and C. J. Howard, J. Chem. Phgg, 5021(1977.

3P. H. Wine and A. R. Ravishankara, Chem. Phys. L&7.103 (1981).

4A. P. Force and J. R. Wiesenfeld, J. Chem. Phis.1718(1981).

SR. K. Talukdar and A. R. Ravishankara, Chem. Phys. L2%3 177
(1996.

SNASA Evaluation No. 12, 1997see references in Introductipn

"IUPAC, Supplement V, 1997see references in Introduction

8P. H. Wine and A. R. Ravishankara, Chem. PI§8;.365 (1982.

T. Laurent, P. D. Naik, H.-R. Volpp, J. Wolfrum, T. Arusi-Parpar, |. Bar,
and S. Rosenwaks, Chem. Phys. L2886 343(1995.
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Oo(*D) + H,0 — 2HO (1)
el H2 + 02 (2)

—O0CP) + H,0 (3)

AH°(1)=-118.5 kdmol™*
AH°(2)=-197.1 kJmol™*
AH°(3)=—189.7 kImol !

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

k/cm® molecule * s* Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(2.3+0.4x10° %0 253-353 Streiet al, 1976 PLP (a)
(1.95+0.3 x10°1° 295 Amimotoet al, 197¢ PLP-RA (b)
(2.6+£0.5x10 %0 300 Lee and Slanger, 1979 PLP (c)
k;=(2.02+0.41)x 10" 1° 298 Gericke and Comes, 1981 PLP-RA
(1.95-0.2)x 10" 1° 298 Wine and Ravishankara, 1981 PLP-RF(d)
Branching Ratios
k, /k=0.01("55% 298 Zellner, Wagner, and Himme, 1980 FP-RA ()
k3 /k=0.049+0.032 2982 Wine and Ravishankara, 1982 PLP-RF(d)
k, /k=0.006("2:%0 298 Glinski and Birks, 1985 (f)
Reviews and Evaluations
2.2x107 10 200-350 NASA, 1997 (9
2.2x10710 200-350 IUPAC, 199 (h)
Comments Reliability

@

(b)
(©

(d)
(e

(f)
(¢))

(h)

Alogk==0.1 at 298 K.
A(E/R)==*=100 K.
Alogk;==*0.1 at 298 K.

O(*D) atoms were monitored by time-resolved emis-
sion from the OtD) — O(®P) transition at 630 nm.
O(®P) atoms were measured by resonance absorption.
O(*D) atoms were measured by emission at 630 nmc ¢ Preferred Val
and, indirectly by Q(*X 4 —33 ) emission at 720 nm. omments on Freterred values .
O(3P) atom formation was monitored by RF. Th? prefgrred value ;ok is a mean of the valugs of Streit
The H, yield was measured by GC, together with theg[ al, éAm'gn?/f;? et al.(,j Ilq_ee_ ﬁndks?lar:lgei,Gﬁmr:]ke ar_1d
OH radical concentration by resonance absorption. omes, an ine and Ravisnankargll of which are in
Photolysis of Q—H,0 mixtures at 253.7 nm. The H good agreement. Our recommendations Kerk and ks /k
yield was measured by GC are based on the data of Zellnet al® and Glinski and
Based on the data of Streit al,* Amimotoet al,? Lee Birks® (kp/k), and Zellner etal® and Wine and
and Slange, Gericke and éome‘% and Win,e and Ravishankara(ks/k). The preferred values are identical to
Ravishankaréj ’ those in our previous evaluation, IUPAC, 1997.

See Comments on Preferred Values.
References

1G. E. Streit, C. J. Howard, A. L. Schmeltekopf, J. A. Davidson, and H. I.
Schiff, J. Chem. Phys65, 4761(1976.
2S. T. Amimoto, A. P. Force, R. G. Gulotty, Jr., and J. R. Wiesenfeld, J.
Chem. Phys71, 3640(1979.
Preferred Values S3L. C. Lee and T. G. Slanger, Geophys. Res. L@tt165(1979.
4K. H. Gericke and F. J. Comes, Chem. Phys. L&1.218(1981).

k=2.2x10"1% cm® molecule ! s7%, independent of tem-  5p. H. Wine and A. R. Ravishankara, Chem. Phys. LZ7.103 (1981).

perature over the range 200-350 K. jR. ZeIInt_ar, G. Wagpner, an_d B. Himme, J. Phys. Ch&#).3196(1980.
k1=2.2>< 10729 ¢ molecule’® s~ at 298 K. 8P. H. Wme gnd A R. Raylshankara, Chem. PH§8.365(1982.
12 o3 11 R. J. Glinski and J. W. Birks, J. Phys. Che@®, 3449(1985.
kp<2.2<10 “cm” molecule = s~ at 298 K. 9NASA Evaluation No. 12, 1997see references in Introductipn
ky<1.2x10 ' cm® molecule  s71 at 298 K. 10JUPAC, Supplement V, 1997see references in Introductipn
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AH°=-63.1 kdmol™?*

Rate coefficient data

k/cm® molecule * s * Temp./K Reference Techniqgue/Comments

Absolute Rate Coefficients
7.0x107 15 300 Greiner, 1969 FP-RA
(7.1+1.1)x10° 298 Stuhl and Niki, 1972 FP-RF
7.6x10°%° 298 Westenberg and deHaas, 1973 DF-EPR
1.8x 10" exp(—2330M) 210-460 Smith and Zellner, 1974 FP-RA
7.1x10°%
(5.79+0.26)x 107 1° 300 Overend, Paraskevopoulos, and Cvetanovic, 1975 FP-RA
5.9x10 *2 exd —(2008+ 151)/T] 298-425 Atkinson, Hansen, and Pitts, 1975 FP-RF
(6.97+0.70)x 1015 298
4.12<1071° T244 exp(—12811) 298-992 Tully and Ravishankara, 1980 FP-RF
(6.08+0.37)x107 %% 298
6.1x10° 15 298 Zellner and Steinert, 1981 DF-RF
4.9x10 %2 exd —(1990+ 340)/T] 250-400 Ravishankaret al, 198 FP-RF
(5.64+0.60x10" % 295
7.2x10 20 T26% exp(—11501T) 230-420 Talukdaet al,, 1996° FP/PLP-LIF(a)
(6.65+0.39x1071° 298

Reviews and Evaluations
5.5x 10" 12 exp(—20001T) 200-450 NASA, 199% (b)
7.7X107 12 exp(—21001T) 200-450 IUPAC, 199% (b)

Comments expression is calculated to fit the preferred valud at 298

J( and that ofE/R. The preferred values are identical to those
ih our previous evaluation, IUPAC, 1997 The recent re-
sults of Talukdaet al® are in excellent agreement with this
recommendation. There have been several recent quantum
mechanical calculations of the rate coefficient for this reac-
tion, and these are in reasonable agreement with

(@ Both flash lamp and pulsed laser photolysis were use
The OH radical reactions with HD and,Dwere also
studied.

(b) Based on the data from Refs. 1-9.

Preferred Values experiment14
k=6.7x10" 15 Cm3 molecule‘l S_l at 298 K. References
k=7.7x10 12 exp(—2100m) cm® molecule * s over
the temperature range 200-450 K. IN. R. Greiner, J. Chem. PhyS1, 5049(1969.
2F, Stuhl and H. Niki, J. Chem. Phys7, 3671(1972.
Reliability SA. A. Westenberg and N. deHaas, J. Chem. PB@s4061(1973.
4. W. M. Smith and R. Zellner, J. Chem. Soc. Faraday Tran&0,21045
Alog k==*0.1 at 298 K. (1974.
A(E/R)=*200 K. SR. Overend, G. Paraskevopoulos, and R. J. Cvetanovic, Can. J. GBem.
3374(1975.
R. Atkinson, D. A. Hansen, and J. N. Pitts, Jr., J. Chem. P6$s1703
Comments on Preferred Values (1975.

There are several studies in good agreement concerningr. p. Tully and A. R. Ravishankara, J. Phys. Ch&d).3126(1980.
both the temperature dependence and absolute values of tH&. Zellner and W. Steinert, Chem. Phys. L&, 568 (198).
rate coefficient. The preferred value kfat 298 K is the 9A. R. Ravishankara, J. M. Nicovich, R. L. Thompson, and F. P. Tully, J.
; o Phys. Chem85, 2498(1981).

mean of the results of Grein&Stuhl and Niki’ Westenberg 1o Talukdar, T. Gierczak, L. Goldfarb, Y. Rudich, B. S. M. Rao, and A.
and deHaag,Smith and Zellnef, Overendet al.® Atkinson R. Ravishankara, J. Phys. Cheb@0, 3037 (1996.
et al.® Tully and RavishankaraZellner and Steineft,and ENASA Evaluation No. 12, 1997see references in Introductjon

: 9 : IUPAC, Supplement V, 199%ee references in Introductipn
Ravishankarat al. The preferred value.cE/R is theemean 13U, Manthe, T. Seideman. and W. H. Miller, J. Chem. Ptga. 10078
of the values of Smith and ZellnérAtkinson et al,® and (1993.

Ravishankarzet al® The pre-exponential factor in the rate *H. Szichman and M. Baer, Chem. Phys. L&#2, 285 (1995.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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HO + HO - H,0 + O
AH°=-71.2 kImol™?*

Rate coefficient data

k/cm® molecule * s * Temp./K Reference Techniqgue/Comments
Absolute Rate Coefficients
(2.3+0.3x10° %2 350 Westenberg and de Haas, 1973 DF-EPR
(2.1+0.5x10 12 298 McKenzie, Mulcahy, and Steven, 1473 DF-EPR
(1.4+0.2x10°*? 300 Clyne and Down, 1974 DF-RF/RA
(2.1+0.1)x10° 12 300 Trainor and von Rosenberg, 1974 FP-RA
(1.7+0.2x10*? 298 Farquharson and Smith, 1980 DF-RF
3.2X107 12 exp(—242T) 250-580 Wagner and Zellner, 1981 FP-RA
(1.43+0.3 X102 298
Reviews and Evaluations
4.2x10 %2 exp(—240IT) 200-500 NASA, 1997 (@
1.9x10 12 298 IUPAC, 1999 (b)
7.9x107 14 (T/298Y° exp(945/T) 200-500
Comments — H,0, to be separated. The temperature coefficient is

(@ Based on an average of the data from Refs. 1-6, Witﬁaken from arab |n|F|o modehlng stud%/1 which well accom-
the temperature dependence from Ref. 6. modates the experimental high temperature results. The pre-

ferred values are identical to those in our previous evalua-
(b) See Comments on Preferred Values. tion, IUPAC, 19978

Preferred Values References
k=1.9x10 2 cm® molecule ! s™! at 298 K. IA. A. Westenberg and N. deHaas, J. Chem. PB@s4066(1973.
k=7.9x10 % (T/298Y°% exp(945) cm® molecule ! 2A. McKenzie, M. F. R. Mulcahy, and J. R. Steven, J. Chem. PBgs.
s ! over the temperature range 200—-500 K. ,3244(1973.
M. A. A. Clyne and S. Down, J. Chem. Soc. Faraday Trang02253
(1974.
Reliability 4D. W. Trainor and C. W. von Rosenberg, Jr., J. Chem. PB$s1010
Alog k==*0.15 at 298 K. (1974, '
A(E/R) =+250 K 5G. K. Farquharson and R. L. Smith, Aust. J. Ché@8.1425(1980.

6G. Wagner and R. Zellner, Ber. Bunsenges. Phys. Cls&l122(1981).

"NASA Evaluation No. 12, 1997see references in Introductipn
Comments on Preferred Values 2IUPAC, Supplement V, 199%ee references in Introduction

F.P. Del G d F. Kaufman, Di . Farad 128 (1962.

There are a number of measurement& at temperatures 196 b e N re?o\j‘\;‘ E W_la“ ma”d AISZUE\;/\S/ tarabay SJaCCh ( PI?
lose to 298 K--89-12falling in the range(1.4—2.3x10 12  Dyon-cewis, W. B Wilson, and A. A. Westenberg, J. Chem. PAgs.

c & g gal. - 2877(1966).
cn® molecule * s, We take the mean of the more recent'w. E. wilson and J. T. O'Donovan, J. Chem. Ph§g, 5455(1967).
studied=® for our preferred value at 298 K. This value is ‘?J. E. Breen and G. P. Glass, J. Chem. PB5.1082(1970.

; 3R, Forster, M. Frost, D. Fulle, H. F. Hamann, H. Hippler, A. Schlepegrell,
confirmed by recent measureméﬁ_tef the pressure depen and J. Troe, J. Chem. Phyk03, 2949(1995.
dence of the HO+ HO + M reaction system which allow 14| B Harding and A. F. Wagner22nd Symposium (International) on

the reactions HO+ HO — H,O + O and HO + HO Combustion(Combustion Institute, Pittsburgh, 198%p. 983-989.
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AH°=—214.9 kdmol™?*

ATKINSON ET AL.

HO + HO + M — H,0, + M

Low-pressure rate coefficients

Rate coefficient data

ko/cnt molecule t s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(2.5+0.3 1073 [N,] 300 Trainor and von Rosenberg, 1974 FP-RA
6.9x10 3 (T/300) %8 [N,] 253-353 Zellneet al, 1988 FP-RA
3.7x107 % [He] 298 Forstert al, 1995 PLP-LIF (a)
Reviews and Evaluations
6.2x10 % (T/300) 10 [air] 200-350 NASA, 199% (b)
6.9x107 31 (T/300) %8 [N,] 200-400 IUPAC, 1997 (©
Comments Reliability

(@ Measurements were carried out with saturated LIF at

Alogky==*0.1 at 298 K.

total gas densities in the range 3.90'° to 3.4x10%* An=x05.
molecule cm 3, covering the major part of the falloff

curve. The apparent discrepancy between the results éomments on Preferred Values

Refs. 1 and 2 disappears when the contribution of the The analysis of the complete falloff curve by Forster
reaction HO+ HO — H,O + O is separated by means et al® shows that the measurements from Refs. 1-3 are all
consistent. It is essential that falloff effects are taken into

of the falloff plot.

(b) Based on the data of Zellnet al? and Forsteet al®
(c) See Comments on Preferred Values.

Preferred Values

IUPAC, 1997°

ko=6.9x10 3! (T/300) %8 [N,] cm® molecule ! s7!
over the temperature range 200-400 K.

High-pressure rate coefficients

Rate coefficient data

account, as noted in the comments k. The preferred
values are identical to those in our previous evaluation,

k../cm® molecule * s7* Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.5x10° ¢ 253-353 Zellneet al, 1988 FP-RA
2.2x10° 11 298 Forstert al, 1995 PLP-LIF (a)
(2.6+0.8x107 11 200-400 Fulleet al, 1996 PLP-LIF (b)
Reviews and Evaluations
2.6x107 11 200-350 NASA, 1997 (©
2.6x10° 11 200-300 IUPAC, 1997 (d)

Comments

(@ See commenta) for k.
(b) See commenta) for k,. Measurements were carried
out over the temperature range 200-700 K, indicating(d)

a negative temperature coefficientlof, depending on
uncertainties concerning the contribution from the re-

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997

action HO+ HO — H,O + O.
(c) Based on the data of Zellnet al? and Forsteet al3
See Comments on Preferred Values.
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Preferred Values References

_ —11 11 ;
k.=2.6x10 cm® molecule ™t s ) mdependent of tem- ID. W. Trainor and C. W. von Rosenberg, Jr., J. Chem. PB$s1010

perature over the range 200—400 K. (1974.
2R. Zellner, F. Ewig, R. Paschke, and G. Wagner, J. Phys. CB2r4.184
L (1988.
Reliability 3R. Forster, M. Frost, D. Fulle, H. F. Hamann, H. Hippler, A. Schlepegrell,

Alog k,==0.2 over the temperature range 200—300 K.  and J. Troe, J. Chem. Phyk03 2949(1995.
4“NASA Evaluation No. 12, 1997see references in Introductipn
Comments on Preferred Values SIUPAC, Supplement V, 199%ee references in Introductijon

The measurements from Refs 3 and 6 now pro\”de Com_eD FuIIe, H. F. Hamann, H. Hlppler, and J. Troe, J. Chem. Pws 1001
. . . .., (1996.

plete falloff curves of the reaction which are consistent with 7~ Brouwer, C. J. Cobos, J. Troe, H. R.'Bal, and F. F. Crim, J. Chem.
the preferred values ofk, and k, and a value of Phys.86, 6171(1987).
F.=0.5+0.05 over the temperature range 200—400 K. Eal’-sK' Fagerstimn, A. Lund, G. Mahmoud, J. T. Jodkowski, and E. Ratajczak,
. . Chem. Phys. Lett224, 43 (1994).
lier constructions of the falloff curve from Refs. 7 and 8 are Y (1994
superseded by the results of Refs. 3 and 6. The preferred
values are identical to those in our previous evaluation,

IUPAC, 1997°

HO + H02 — Hzo + OZ
AH°=—295.7 kJmol™?

Rate coefficient data

k/cm® molecule * s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
4.8x10 ' exf(250+ 50)/T] 254-383 Keyser, 1988 DF-RF
(1.1+0.3x107%0 299
3.3x10° 1% 1100 Hippler, Neunaber, and Troe, 1895 (@
1.8x107 1! 1250
7.5x10° 11 1600
Reviews and Evaluations
4.8x10 * exp(2501T) 250-400 NASA, 199% (b)
4.8x10 ! exp(2501T) 250-400 IUPAC, 199% (©
Comments flow measurements at low pressures of 1.3—-13 nibad0

@ Thema decompostion o 0 1 @ shoc wbe, 1O 1% SRS gae v eppoaeh 2 factrof
radicals were monitored by resonance absorption. y q P

lose to atmospheric. The discharge-flow study of Keyser
B h f Keyskr. c

(b) ased on the data of Keyser appears to have resolved the problem. These résulggest
that the presence of small quantities of H and O atoms
present in previous discharge-flow studies led to erroneously

(c) See Comments on Preferred Values.

Preferred Values low values ofk, and that there is no evidence for any varia-
tion in k with pressure. These findinbare accepted and we
k=1.1x10 1% cm® molecule ! s™* at 298 K. take the expression of Keysdor k as our recommendation.
k=4.8x10 ' exp250/T) cm® molecule * s™* over the  There are a number of other studies in excellent agreement
temperature range 250-400 K. with the value recommended férat 298 K. The preferred
values are identical to those in our previous evaluation,
Reliability IUPAC, 19974
Alogk==0.1 at 298 K. In another discharge-flow study, Keysetral,> by moni-
A(E/R)=*200 K. toring the Q(b 'X4)—X(3%,) transition at 762 nm, have
shown that the yield of gb =) from the reaction is small
Comments on Preferred Values (<1x10%). The anomalous temperature dependence ob-

There has been some controversy over the effects of preserved in the recent high temperature sfuguggests a
sure on the rate coefficient for this reaction. Early dischargemechanism involving intermediate complex formation.
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References 3NASA Evaluation No. 12, 1997see references in Introductipn
4IUPAC, Supplement V, 1997see references in Introduction
lL E. Keyser 3. PhyS Cherf2 1193(1988 5L F. Keyser, K. Y. ChOO, and M. T. Leu, Int. J. Chem. Klnéy, 1169
2H. Hippler, N. Neunaber, and J. Troe, J. Chem. Ph@ 3510(1995. (1985.

HO + H202 — Hzo + H02
AH°=—130.2 kdmol~?*

Rate coefficient data

k/cm® molecule t s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
2.96x107 12 exd —(164+52)/T] 250-459 Sridharan, Reimann, and Kaufman, 1980 DF-LIF
(1.69+0.26x10 *? 298
2.51xX10 12 ex — (126+ 76)/T] 245-423 Keyser, 1980 DF-RF
(1.64+0.32x10 *? 298
3.7X10 2 ex{{ — (260 50)/T] 273-410 Wine, Semmes, and Ravishankara, 1981 PLP-RF
(1.59+0.09x10 *? 297
(1.67+0.33x10 2 296 Temps and Wagner, 1982 DF-LMR
(1.81+0.24x 10712 298 Marinelli and Johnston, 1982 PLP-RF
2.93x107 12 exd —(158+ 52)/T] 250-370 Kuryloet al, 198% FP-RF
(1.79£0.14x 10712 296
2.76x107 2 exd —(110+ 60)/T] 273-410 Vaghjiani, Ravishankara, and Cohen, 1989 PLP-LIF
(1.86+0.189x10 *2 298
Reviews and Evaluations
2.9x10 12 exp(—160IT) 240-460 NASA, 1997 (a@
2.9x10712 exp(—1601T) 240-460 IUPAC, 1997 (b)
Comments temperature study of Hipplet al° shows that above 800 K

there is a strong increase In with temperature, the data
being best represented by the biexponential expression
k={3.3x10 12 exp(—215/T)+2.8xX10 ® exp(—14800T)}

cm® molecule? s ! over the temperature range
240-1700 K.

(a Based on the data of Sridharanal,! Keyser?> Wine
et al.® Kurylo et al.® and Vaghjianiet al’
(b) See Comments on Preferred Values.

Preferred Values
References
k=1.7x10"12 ¢cm® molecule’ ! s at 298 K.

k=2.9x10"1? exp(—160T) cm® molecule * s over 'U. C. sridharan, B. Reimann, and F. Kaufman, J. Chem. PI§s1286

the temperature range 240-460 K. (1980.
2L. F. Keyser, J. Phys. CherB4, 1659(1980.

3P. H. Wine, D. H. Semmes, and A. R. Ravishankara, J. Phys. CR&gm.

Re'labl“ty 4390(198)).
Alogk==0.1 at 298 K. 4F. Temps and H. Gg. Wagner, Ber. Bunsenges. Phys. CBém119
A(E/R)=+100 K. (1982.

SW. J. Marinelli and H. S. Johnston, J. Chem. PH§&.1225(1982.
M. J. Kurylo, J. L. Murphy, G. S. Haller, and K. D. Cornett, Int. J. Chem.
Comments on Preferred Values Kinet. 14, 1149(1982.
There are a number of studies in excellent agreement orfG. L-(Vaggiianiv A. R. Ravishankara, and N. Cohen, J. Phys. Clg3n.
i pt1—7 7833(1989.
the Ve.llue.Of th.e rate coefﬁmgkt The recommer.]ded 'ex 8NASA Evaluation No. 12, 1997see references in Introductipn
pression is a fit to the data in Refs. 1-7, and is identical tos pac. Supplement V, 1997see references in Introductipn

our previous evaluation, IUPAC, 1997The recent high °H. Hippler, N. Neunaber, and J. Troe, J. Chem. Pifi§ 3510(1995.
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AH°=—167.4 kdmol™*

EVALUATED KINETIC AND PHOTOCHEMICAL DATA

HO+03—>H02+02

Rate coefficient data

1369

1

k/cm® molecule * s~ Temp./K Reference Techniqgue/ Comments
Absolute Rate Coefficients
1.3X10 12 exp(—956/T) 220-450 Anderson and Kaufman, 1973 DF-RF
5.3x10° 1 298
(6.5+1.0)x10" 4 298 Kurylo, 1973 FP-RF
1.82x10 12 exd —(930+50)/T] 238-357 Ravishankara, Wine, and Langford, £979 PLP-RF
(7.96+0.39)x 10 4 298
(6.5+1.0)x10714 300 Zahniser and Howard, 1980 DF-LMR (a)
1.52x10 2 exd —(890+60)/T] 240-295 Smittet al, 1984 FR-RF (b)
(7.46+0.16)x 10" 4 295
Relative Rate Coefficients
(7.0x0.8)x10714 300 Zahniser and Howard, 1980 DF-LMR (c)
Reviews and Evaluations
1.6X10 12 exp(—940/T) 220-450 NASA, 1997 (d)
1.9x 10712 exp(—1000/T) 220-450 IUPAC, 1997 (e
Comments Reliability

(@ Discharge flow system used. HO radicals were gener-
ated from the H+ NO, reaction and monitored by

LMR.

(b) Flash photolysis of @H,O mixtures in 1 atm He. HO
radicals were monitored by resonance fluorescence.

(c) Discharge flow system used. HO radicals were gener-
ated from the H+ NO, and H+ O; reactions, and
HO, radicals were generated from the reactior-HD,
+ M. HO, and HO radicals were monitored by LMR.
A rate coefficient ratio ok/k(HO, + O3)=35*+4 (av-
erage of three systems studiedias obtained and
placed on an absolute basis by usekdfO, + O)
=2.0x10"'®> cm®moleculets™! at 300 K (this

evaluation.

(d Based on the work of Anderson and Kaufrian,
Kurylo,? Ravishankaraet al,® Zahniser and Howard,

and Smithet al®

(e) See Comments on Preferred Values.

Preferred Values

k=6.7x10 1 cm® molecule ! s™! at 298 K.

k=1.9x10 12 exp(—1000) cm® molecule * s™1 over

the temperature range 220-450 K.

A(E/R)=+300 K.

Alogk==*0.15 at 298 K.

Comments on Preferred Values
There is good agreement among the various sttidiésr
the rate coefficienk. The recommended value f&/R is the

mean of the values of Anderson and KaufnaRavishan-

karaet al® and Smithet al® The recommended 298 K rate

coefficient is the mean of the values from these stddiés
plus those of Kuryld and Zahniser and HowafdThe pre-
exponential factor is derived from the recommended values

of E/R and the 298 K rate coefficient. The preferred values
are identical to those in our previous evaluation, IUPAC,

19777

References

1J. G. Anderson and F. Kaufman, Chem. Phys. LE8}.483(1973.

2M. J. Kurylo, Chem. Phys. Let23, 467 (1973.

3A. R. Ravishankara, P. H. Wine, and A. O. Langford, J. Chem. PFgs.

984 (1979.

4M. S. Zahniser and C. J. Howard, J. Chem. P8.1620(1980.
5C. A. Smith, L. T. Molina, J. J. Lamb, and M. J. Molina, Int. J. Chem.

Kinet. 16, 41 (1984).

SNASA Evaluation No. 12, 1997see references in Introductipn
"IUPAC, Supplement V, 1997see references in Introductipn
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1370 ATKINSON ET AL.
H02 + H02 d H202 + 02 (1)
H02 + H02 + M- H202 + 02 + M (2)

AH°(1)=AH°(2)=—-165.5 kdmol ™!

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

k/cm® molecule’* s* Temp./K Reference Technique/ Comments
Absolute Rate Coefficients
3.8x10 * exf(1250+ 200)/T] 273-339 Cox and Burrows, 19¥9 MM (a)
(2.35+0.2x10 12 298
2.4x10™ 13 exf{(560+ 200/T] 298-359 Thrush and Tyndall, 1982 FP-TDLS (b)
(1.6+0.1)x10" 12 298
2.5x10 2 (1 bar Ny) 296 Simonaitis and Heicklen, 1982 FP-UVA
k;=(1.4+0.2)x 10 *? 296
ky=2.2x10 13 exp(620/T) 230-420 Kircher and Sander, 1984 FP-UVA (c)
k;=(1.7+0.22)x 10" 12 298
k,=1.9x10 33 exp(980/T) [N,] 230-420 Kircher and Sander, 1984 FP-UVA (c)
kp=(5.4+3.1)x 1072 [N,] 298
k;=1.88x10"*? 298 Kurylo, Ouellette, and Laufer, 1986 FP-UVA (d)
k,=4.53x 10732 [0,] 298
k,=5.95x 10732 [N,] 298
k,=2.0x 10" ex{ (595+ 120)/T] 253-390 Takacs and Howard, 1§86 DF-LMR
k,=(1.54+0.07)x 10" *? 294
(3.3+0.9x10°*? 298 Lightfoot, Veyret, and Lesclaux, 1988 FP-UVA
(1.5+0.5x10 %2 418
(8.8+1.2x10 %3 577
(8.2+2.00x10713 623
(8.1+1.5x10713 677
(7.6+1.4x10° %8 723
(9.1x2.5x10° % 777
Reviews and Evaluations
ky=2.2x10 '3 exp(600/T) 230-420 Wallingtoret al, 1992 (e
k,=1.9x10 3 exp(980/T) 230-420
k;=2.3x 1012 exp(600/T) 230-420 NASA, 1997 ()
k,=1.7x10 3 exp(10007) [M] 230-420
k;=2.2x 1012 exp(600/T) 230-420 IUPAC, 199 (9)
k,=1.9x10 33 exp(980/T) [N,] 230-420
Comments recommendation fok, was based on the work of
Sanderet al,*® Simonaitis and Heicklef Kircher and

(@ HO, radicals were monitored by molecular modulation
spectrometry. The data cited refer to a total pressure o(g)
1 bar and absence of,B.

(b) HO, radicals were monitored by diode laser spectros-
copy. Pressure=9—27 mbar(7—20 Tory of O,.

(c) Pressure range was 0.133-0.933(1&0—-700 Tory of
Ar and N,. Enhancement ok by added water was Preferred Values
observed, in a linear fashion independent of the pres- ky=1.6x 10" 12 cr® molecule * s~ at 298 K.

sure of other gases, according to the equation k,=5.2X 1032 [N,] cr® molecule * s™* at 298 K.

Sandef, and Kuryloet al®
See Comments on Preferred Values.

Kobs= kX (1+1.4X 10~ exp(2200) [H,O)). k,=4.5x 10732 [0,] cm® molecule * s™1 at 298 K.

(d) Total pressure range was 0.033-1.01 25-760 k,=2.2x 10" %2 exp(600/T) cm?® molecule ! s™* over the
Torr). temperature range 230-420 K.

(e) Recommendation was based on a wide range of pub- k,=1.9x10 3% exp(980/T) [N,] cm® molecule ! s?
lished data, including those cited here. over the temperature range 230-420 K.

(f)  Expression fok, was based on the results of Cox and |n the presence of 40 the expressions fok; and k,
Burrows; Thrush and Tyndaft;"* Kircher and Sandet,  should be multiplied by the factofl+1.4x 102! [H,O]
Sandert? Kurylo et al.® and Takacs and HowafdThe ~ Xexp(22001)}, where[H,O] is in molecule cm? units.
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EVALUATED KINETIC AND PHOTOCHEMICAL DATA 1371

Reliability Sahetchiaret all’ reported the formation of (~10% at
Alog k;=Alog k,=0.15 at 298 K. 500 K) in the reaction system but this is contrary to earlier
A(E;{/R)==*=200 K. evidence of Baldwiret al® and the more recent and careful
A(E,/R)=*+300 K. study of Stephenst al,'® who find less than 0.01 fractional

contribution from the channel leading to,H 20,. Keyser

Comments on Preferred Values et al?® have measured a yield of,(b 125) of <3x10 2

The preferred values given here are identical with the valper HQ, consumed.
ues derived by Kircher and Sanflend also recommended
in the review by Wallingtoret al® which we adopted in our
previous evaluation, IUPAC, 1997.
At temperatures close to 298 K, the reaction proceeds by
two channels, one bimolecular and the other termolecular,
The preferred values fdt, are based on the work of Cox and ,R- A Cox and J. P. Burrows, J. Phys. CheB, 2560(1979.
1 A Kirch d Sandét | B. A. Thrush and G. S. Tyndall, Chem. Phys. L&2, 232(1982.
Burroswsa Thrush and Tynda vK"'C_ eran an7 Kurylo 3R. Simonaitis and J. Heicklen, J. Phys. Ché8, 3416(1982.
et al,”> Takacs and Howardand Lightfootet al." The wor C. C. Kircher and S. P. Sander, J. Phys. Ch88.2082(1984.
t al,> Tak dH fiand Lightfootet al.” Th kK ¢ ircher and d hys. Ch (1984
of Kurylo et al® and of Lightfootet al” has confirmed quan- 51(\1_9;.6Kurylo, P. A. Ouellette, and A. H. Laufer, J. Phys. Ch&®, 437
tltat|vgl_y the effe_cts of pressure previously observed by Si-65 A Takacs and C. J. Howard, J. Phys. Che®. 687 (1986.
monaitis and Heicklehand Kircher and SandéiThe recom-  7p p Lightfoot, B. Veyret, and R. Lesclaux, Chem. Phys. LES0, 120
mendations fork, are based on the work of Kircher and 8(1988.
Sandet and Kuryloet al.,’ with the temperature coefficient gLiéXVg"'”lgt"tﬂ' PNDaglg”tiggg M. J'f”ry'o' Che:“'thy"'?;”lggz'
. . . valuation No. , see rererences In Introductipn
of k27 bemg_ taken from Kircher and Sande;md nghtfoﬁt 10)UPAC, Supplement V, 1997see references in Introductipn
etal” At higher temperaturesT>600 K, Hippler et al. 1B A Thrush and G. S. Tyndall, J. Chem. Soc. Faraday Trais, 2469
and Lightfootet al.” observe a sharp change in the tempera—12(1982.
ture coefficient with upward curvature of the Arrhenius plot. ,,S- P- Sander, J. Phys. Che@ 6018(1984. .
. . S. P. Sander, M. Peterson, R. T. Watson, and R. Patrick, J. Phys. Chem.
The marked effect of water on this reaction was estab- g5 15361089,
lished in the work of Liiet al*® and Kircher and Sandér. H. Hippler, J. Troe, and J. Willner, J. Chem. Phg8, 1755(1990.
The recommended multiplying factor fé, andk, in the  *°R.-R. Lii, M. C. Sauer, Jr., and S. Gordon, J. Phys. Chéf).2833
; (1981.
presence of yvater IS basedd%n these tWO.Sthd]iés' 16M. Mozurkewich and S. W. Benson, Int. J. Chem. Kinkt, 787 (1985.
Mozurkewich and Bensch have considered the HO 17i'a sahetchian, A. Heiss, and R. Rigny, Can. J. Ché@2896(1982.
+ HO, reaction theoretically and conclude that the negative®r. R. Baldwin, C. E. Dean, M. R. Honeyman, and R. W. Walker, J. Chem.
temperature dependence, the pressure dependence, and (f%ec. Faraday Trans. &0, 3187(1984. o
observed isotope effects can most reasonably be explained i 1'9; Stephens, J. W. Birks, and R. J. Glinski, J. Phys. Cr@n83s4
terms of a cyclic hydrogen bonded;®HO,, intermediate to 20, ¢ keyser, K. Y. Choo, and M. T. Leu, Int. J. Chem. Kin&f, 1169

alternative structures suggested by others. (1985.

References

H02 + O3—> HO + 202

AH°=—118 kJmol™?!

Rate coefficient data

k/cm® molecule * s7* Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.4x10"** exd —(580+ 100)/T] 245-365 Zahniser and Howard, 1980 DF-LMR
2.0x10715 298
1.8x10"** exd —(680+ 148)/T] 253-400 Wang, Suto, and Lee, 1888 DF (a)
(1.3£0.3x10° % 233-253
(1.9+0.3x1071° 298
Reviews and Evaluations
1.1x10™ 4 exp(—5001T) 240-400 NASA, 1997 (b)
1.4xX10™ ** exp(—600/T) 250-350 IUPAC, 1997 (0
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1372 ATKINSON ET AL.

Comments ture the results from these two studiéslso diverge, giving
values ofk differing by nearly a factor of 2 at 400 K. We
therefore limit the temperature range of our recommendation
to T<<350 K until this discrepancy is resolved.

The preferred values for the range 250—350 K are based
on the results of Zahniser and Howaahd Wanget al? For
modeling at temperatures in the range 2003-K5a value of
k=1.2x10 *®cm?® molecule * s~* should be used. The pre-
ferred values are identical to those in our previous evalua-

(@ HO, radicals were monitored by photodissociation at
147 nm and HO radicals were detected by (A€X)
fluorescence at 310 nm.

(b) Based on the work of Zahniser and Howartlanza-
nareset al.® Sinhaet al.® and Wanget al2

(c) See Comments on Preferred Values.

Preferred Values tion, IUPAC, 1997
k=2.0X10"15 cm® molecule’ X s~ ! at 298 K. Isotopic exchange studiesf the reaction between D,
k=1.4<10"% exp(—600T) cm® molecule’* s~ over and Q, show that at room temperatures the reaction proceeds
the temperature range 250—350 K. almost exclusively by H atom transfer rather than by transfer
of an oxygen atom. Moreover there is little change in this
Reliability fino_ling with temperature over the range 226-355 iidi-
Alog k=+0.2 at 298 K. cating that_ any curvature on the ArrhemL_Js plot cannot be due
A(E/R)= figgﬁ to competition between these two reaction paths.

Comments on Preferred Values
A number of studies?>>® are in close agreement on the References
value ofk at 298 K, but there is some divergence concerning
the temperature coefficient &f The studies of Sinhatal®  ,M- S: Zahniser and C. J. Howard, J. Chem. PI.1620(1980.

o . 2X. Wang, M. Suto, and L. C. Lee, J. Chem. Ph$8, 896 (1988.
2 , , ) ,
and Wanget al” both agree thak exhibits non-Arrhenius 3NASA Evaluation No. 12, 1997see references in Introductipn

behavior, apparently approaching a constant value of ap4iuPAC, Supplement V, 1997ee references in Introduction

proximately xX10™ 15 cm3 moIecuIél Sfl at T<250 K. SE. R. Manzanares, M. Suto, L. C. Lee, and D. Coffey, Jr., J. Chem. Phys.
) e . _ 85,5027(19886.

There are exper!mgntgl d.|ff|cult!es in Worklng at these tem- ° Sinha, E. R. Lovejoy, and C. J. Howard, J. Chem. PI§. 2122

peratures and this findiA§is not incorporated in our recom- (1987.

mendation without further confirmation. At higher tempera- 7D. D. Nelson, Jr. and M. S. Zahniser, J. Phys. Ch8).2101(1994.

H,O + hv — products

Primary photochemical transitions

Reactions AH°/kJ-mol™t MthreshoidNM
H O+ hv — H, + OCP) (D 491.0 243
—H+HO (2 499.1 239
— H, + O(*D) (3 680.7 176

Absorption cross-section data

Wavelength range/nm Reference Comments
176-185 Watanabe and Zelikoff, 1953 €}
185-198 Thompson, Harteck, and Reeves, 1963 (b)
175-185 Laufer and McNesby, 1965 (©)
175-182 Schurgers and Welge, 1968 (d)

Quantum yield data

Measurement Wavelength range/nm Reference Comments

¢$,=<0.003 174 Chou, Lo, and Rowland, 1974 (e

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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Comments Comments on Preferred Values
Water vapor has a continuous spectrum between 175 and

@ i?gfnngtg\gr %?e V;’:r? 2e(t)e(;r;|_n8e<_:irobr)r/ %222?:30?3\2 190 nm, and the cross-section decreases rapidly towards
approximatelv 0.1 nm gOnI. ra hical. resentation Of'T“onger wavelengths. The cross-section data from four
dg'?a y o ' y grap P studies~*are in reasonable agreement. None of these studies

(b) Static system double beam spectrophotometer use@port- num_erlcal data. The preferred va_llues of the gbsorpnon
with a 10 cm pathlength. 4O pressure was 27 mbar cross-section are taken from the review of HudSamd

pathiength. b were obtained by drawing a smooth curve through the data
(20 Torn. No details of pressure measurement or reso—mc Watanabe and Zelikoff Thompsoret al,2 and Schurgers
lution were given. Only graphical presentation of data.and Welgé' ' ?

© f&?g;zft%r% E}D \;\:tlisr; der;egrrrggﬁgor?]étzrres\';iltj;eamoegé On the basis of the nature of the spectrum and the results
am bandv.vidih On% ra? hical resentatio’n of data. of Chouet al® on the photolysis of HTO, it is assumed that

. - DNl grap pre : " over the wavelength region 175-190 nm reacti@nis the

(d) Flowing system. HO was detgrmlned using a mem- only primary process and that,=1.07
grggenrrnnar;(;r:gﬁgﬂ? 'SOT“gratrlgghrizgroiggr:ggg’nwgp These recommendations are identical to those in our pre-
i - Nty graphical p vious evaluation, IUPAC, 1997.

(e) Photolysis involved HTO. It was shown that the de-
composition path is almost entirely via the reactions
HTO + hv — H + OT and HTO+ hy — T + HO,
with <0.003 of the molecules decomposing via the
reaction HTO+ hv — HT + O.

Preferred Values
References

A/nm 10%° glcn? o

1755 263 1.0 1K. Watanabe and M. Zelikoff, J. Opt. Soc. A3, 753(1953.

177.5 185 1.0 2B. A. Thompson, P. Harteck, and R. R. Reeves, J. Geophys6Re8431

180.0 78 1.0 (1963.

182.5 23 1.0 SA. H. Laufer and J. R. McNesby, Can. J. Chet8, 3487(1965.

185.0 5.5 1.0 4M. Schurgers and K. H. Welge, Z. Naturfors&@g, 1508(1968.

186.0 31 1.0 5C. C. Chou, J. G. Lo, and F. S. Rowland, J. Chem. PB§s1208(1974).

1875 16 10  °R.D.Hudson, Can J. Cherf2, 1465(1974.

189.3 0.70 1.0 ’R. S. Dixon, Radiat. Res. Reg, 237(1970.

8|UPAC, Supplement V, 1997see references in Introductipn
H,O, + hv — products
Primary photochemical processes

Reactions AH°/kJ-mol™? NthresholdNM
H,0, + hv — HO + HO 6N 215 557

— H,0+0(D) (2 333 359

— H+ HO, ) 369 324

— HO + HO(?S) (4 606 197
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1374 ATKINSON ET AL.
Quantum yield data

(d=d1+ ot st by)

Wavelength
Measurement Range/nm Reference Comments
$3=0.12 193 Gerlach—Meyaest al, 1987 (@
$,=1.04+0.18 248 Vaghjiani and Ravishankara, 1990 (b)
$»,<0.002 248
$3<0.0002 248
$1=1.01+0.17 222 Vaghijiankt al, 1992 (©
$»,<0.002 222
3=0.024+0.012 222
3=0.16+0.04 193
1=0.79£0.12 248 Schiffman, Nelson, and Nesbitt, 1493 (d)
Comments Preferred Values
(@ Pulsed laser photolysis of @, with H atom detection Absorption cross-sections at 298 K
by laser-induced fluorescence.
(b) Pulsed photolysis of flowing mixtures of ,@,— 7 — 10° o/en? & nm 100 ofcn? o1
H,O—-N, (or He) and of Q—H,O—N, (or He) at 298 K.
. . 67.2 275 2.6 1.0
H,O, and G, were determined by UV absorption at g5 56.3 280 20 10
213.9 nm or 228.8 nm. Quantum yield of HO radical 200 47.5 285 15 1.0
¢ tion f OH.O mixt q 205 40.8 290 1.2 1.0
orm_a ion from HO,—H, m|?< ure was measu_re 210 357 205 0.90 10
relative to that from @-H,O mixture. These relative 215 30.7 300 0.68 1.0
: : - 220 25.8 1.0 305 0.51 1.0
yields were place_d on an absglute basis _usmg theoc 217 10 310 0.39 10
known quantum vyield of HO radical production from 230 18.2 1.0 315 0.29 1.0
; i 235 15.0 1.0 320 0.22 1.0
the photolysis of @—ZIZZO mixtures at 24_8 nm, taken as 510 o4 1o 295 016 1o
$(HO)=1.73+0.097> O and H atom vyields were de- 245 10.2 1.0 330 0.13 1.0
termined by resonance fluorescence. ggg 2-3 i-g gig 8-3(; i-g
(c) Pulsed laser photolysis of J@,—N, or Sk mixtures at  56q 53 10 345 0.05 10
222 nm and 248 nm[HO] monitored by LIF. The 265 4.2 1.0 350 0.04 10

quantum yield of HO radical production at 248 nm was 270

assumed to be 2.0 and the value at 222 nm was deter-

mined from this and the relative HO yields at the two

wavelengths. H atom concentrations were monitored

by resonance fluorescence. The quantum yield was de- ¢;=1.0 forA>230 nm;¢,;=0.85, ¢3=0.15 at 193 nm.

termined by reference to GISH photolysis at 193 nm.

O(CP) atom formation was investigated using reso-Comments on Preferred Values

nance fluorescence but only a very small signal was There have been no new measurements of the absorption

detected, possibly due to secondary chemistry. cross—§ections anq our recommendations are unchanged from
(d) Pulsed laser photolysis of 8, mixtures. Energy, and those in our previous evaluation, IUPAC, 199The pre-

ferred values are the mean of those determined byet &l
hence number of photons, of faser pulse absorbed d(?\-/Iolina and Molina’ Nicovich and Wine®® and Vay;hjiani

termined l,)y calorlmetry. HO radlcgl congentratlonsand Ravishankard. These agree with the earlier values of
were monitored by infrared absorption using & ColON s et 4112 The absorption cross-sections have also been
center dye lasef2.35-3.40um) and interferometer for - easured at other temperatures by #d@20-290 nm at
wavelength measurement. Absolute HO radical congpg K and 1100 Kand by Nicovich and Winé (260—250
centrations were obtained using integrated absorptiofpm, 200-400 K Both Nicovich and Win¥ and Troé® have
cross-sections measured in the same labor&tory. expressed their results in an analytical form.

It has long been assumed that chanfiglis the only sig-
nificant primary photochemical channebat-200 nm. There
are measurements by Vaghjiani and Ravisharfkamad
Vaghijianiet al® at 248 nm and 222 nm which support this.
However, measurements at 193 nm by Vaghjietral® show
a decline in the HO radical quantum yigltl51 relative to an

Quantum Yields
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assumed value of 2 at 248 nwith a growth in the H atom References
guantum vyield, a feature previously observed by Gerlach-
Meyeret al! The results of Schiffmast al* also agree well v, Gerlach-Meyer, E. Linnebach, K. Kleinermanns, and J. Wolfrum,
with this relative change in HO radical production in going Chem. Phys. Lett133 113(1987.
from 248 nm to 193 nm. However, Schiffma al? obtain 2(3. L. Vagh.j.ian.i and A. R. Ravishankara, J. Chem. PI&&Q%(}QQQ.
much lower absolute values for the quantum vyield of HO ?'CLH:;QE':”;:' :é?;irl”;gzeed* R.F. Warren, and A. R. Ravishankara,
radi(_:al production  than obtained by Vaghjiani and 4A.. Schiff.man>j D.’D. Nelson, Jr and D. J. Nesbitt, J. Chem. PBgs.
Ravishankara. 6035(1993.

The evidence therefore indicates that there is a decline irfp. H. wine and A. R. Ravishankara, Chem. Pr6g.365 (1982.
the relative importance of chann@l) in going from 248 nm  ®D. D. Nelson, Jr., A. Schiffman, and D. J. Nesbitt, J. Chem. PBgs.
to 193 nm but the point of onset of this decline and its form 5455(1989. ,
are uncertain. Furthermore, the reason for the difference ngJiAE;nS:pﬂegiﬂgy'i 1:3(173\7; ngfl\’/‘lzfz '”Gérgr‘r’]dls‘agoe”s LBt
the absolute values of the quantum yield between the studies(l'gm_ T g T » SEOPNYS. REs.
of Schiffmanet al* and Vaghjiani and Ravishankdrs un- s T wolina and M. J. Molina, J. Photochert5, 97 (1981,
clear; further work is urgently required to clarify this. Recent03. M. Nicovich and P. H. Wine, J. Geophys. R88, 2417 (19889.
measurement$ of the translational energy of the H atom “G. L. Vaghjiani and A. R. Ravishankara, J. Geophys. Fa.3487
photofragments from 193 nm photolysis ob®} originate (1989.

~ 12
from the same upper state!\’(A) which is responsible for [Rérzt:'n?t('lgﬁg- McLane, and O. Oldenberg, J. Chem. Piif5225, 638

OH production at longer wavelengths. 133 Troe, Helv. Chim. Act&5, 205 (1972.
We continue to recommend the use of a quantum yield of4y_ nagaki, Y. Matsumi, and M. Kawasaki, Bull Chem. Soc. Jp8.3166
2 for HO radical production ¢;=1.0) atA>230 nm. (1993.

4.3. Nitrogen Species

O+NO+M—-NO,+M
AH°=—306.2 kdmol~*

Low-pressure rate coefficients

Rate coefficient data

ko/cm® molecule’® s71 Temp./K Reference Technique/Comments

Absolute Rate Coefficients

1.55x 10 %2 exp[(584= 35)/T] [N,] 217-250 Whytock, Michael, and Payne, 1876 FP-RF(3)
(1.18+0.15)x 10 3% T/300) 182[N,]
8.8x107%2 (T/300) *[N,] 200-370 Schieferstein, Kohse-idghaus, and Stuhl, 1983 FP-CL (a)
Reviews and Evaluations
9.0X 10" 3% T/300) ** [air] 200-370 NASA, 199¥ (b)
1.0x 1073%(T/300) 16 [N,] 200-300 IUPAC, 1997 (©
Comments Alog ky==*0.1 at 298 K.
(@ NO, formation detected by NOchemiluminescence. An=x0.3.
(b) Based on measurements from Ref. 2 and their reanaly-
sis of the data from Ref. 1. Comments on Preferred Values
(c) See Comments on Preferred Values. The preferred values are based on data from Refs. 1, 2,

and 5-7, and are identical to those in our previous evalua-
tion, IUPAC, 1997 The full falloff curve has been deter-
Preferred Values mined in the relative rate measurements from Ref. 8, leading
ko=1.0x10"%! (T/300)" %6 [N,] cm® molecule® st © k,=3x10"1 (T/300°% cm® molecule! s™! and

over the temperature range 200—300 K. F.=exp(—T/1850 (F.=0.85 at 300 K over the temperature
_— range 200-1500 K.
Reliability

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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References 5G. Yarwood, J. W. Sutherland, M. A. Wickramaaratchi, and R. B. Klemm,
J. Phys. Chemd5, 8771(199).
1D. A. Whytock, J. V. Michael, and W. A. Payne, Chem. Phys. Le,  ~J- V- Michael, W. A. Payne, and D. A. Whytock, J. Chem. Pi6f5.4830

466 (1976. (1976.

2\, Schieferstein, K. Kohse-Hoghaus, and F. Stuhl, Ber. Bunsenges. 'L. G. Anderson and R. D. Stephens, J. Photochkin293(1979.
Phys. Chem87, 361(1983. 8H. Hippler, C. Schippert, and J. Troe, Int. J. Chem. Kirgymp. 1, 27
3NASA Evaluation No. 12, 1997see references in Introductipn (1975.

4IUPAC, Supplement V, 1997see references in Introduction

AH°=-192.1 kdmol~?*

Rate coefficient data

k/cm® molecule’* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(9.12+0.44)x 10712 230-339 Davis, Herron, and Huie, 1973 FP-RF
9.3x 10 *? 296 Slanger, Wood, and Black, 1973 DF-CL (a)
1.05x 10 240
1.85<10 017053 298-1055 Bemand, Clyne, and Watson, 1974 DF (b)
(9.5+1.1)x10°*? 298
(1.00+0.10)x 107 ¢ 298 Ongstad and Birks, 1984 DF-CL (a)
6.58x 10 12 exy (142+23)/T] 224-354 Ongstad and Birks, 1986 DF-CL (a)
(1.03+0.09)x 10" 298
5.21x 10”2 ex{ (202+27)/T] 233-357 Geers-Mler and Stuhl, 1987 PLP-CL (c)
(1.02£0.02)x 10" 301
Reviews and Evaluations
6.5x 10 12 exp(120T) 220-360 NASA, 1997 (d)
6.5X 10712 exp(120T) 230-350 IUPAC, 1997 (e
Comments Reliability

Alog k==0.06 at 298 K.

3 - . ._
(@ O(°P) atoms were monitored by @ NO chemilumi A(E/R) = =120 K.

nescence.
(b) Two independent detection techniques were used t

follow the reaction. OIP) atoms were monitored by %omments on Preferred Values

. The preferred value at 298 K is the average of the values
resonance fluorescence aidO,] monitored by mass :
A0, | y Jeported by Daviset al,! Slangeret al,> Bemandet al,®

spectrometry. The results from the two methods wer 45 .
in good agreement. The high temperature resylrOngstad and Birk&> and Geers-Miler and Stuhf The rec-

showed appreciable scatter ommended temperature dependence results from a least-

(© O(P) atoms were generated by photolysis of NO,SAUares fit to the data of Davét al,! Ongstad and Birkg,_
O(3P) monitored by O+ NO chemiluminescence. Val- anq Geers—l\/!ller and Stuhf The pre-exponential factor is
ues fork(O + N,O,) andk(O + N,Og) were also adjusted to flt thg preferred val_ue at 298 K The prefer_red
estimated from the results. values are identical to those in our previous evaluation,

(d) Based on the data of Davét al.! Slangeret al,? Be- IUPAC, 1997°

mand et al,®> Ongstad and Birks,and Geers-Niler

and Stuhf References
(e) See Comments on Preferred Values.

ID. D. Davis, J. T. Herron, and R. E. Huie, J. Chem. P58 530(1973.
2T. G. Slanger, B. J. Wood, and G. Black, Int. J. Chem. Kifet615

(1973.
3pP. P. Bemand, M. A. A. Clyne, and R. T. Watson, J. Chem. Soc. Faraday
Preferred Values Trans. 270, 564 (1974.

4A. P. Ongstad and J. W. Birks, J. Chem. Pr84%. 3922(1984.
(=9.7x10 i molecule s * at 298 K. A P, orecad and . . Bt 5 chem g sssoisse,
= 12 exp(120/T) cm® molecule * s over the 7 aluati ' ) ik Adeve '
k=6.5x<10 exr( NASA Evaluation No. 12, 1997see references in Introductipn

temperature range 220-360 K. 8]UPAC, Supplement V, 1997see references in Introduction
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AH°=—208.7 kdmol~*

Low-pressure rate coefficients

Rate coefficient data

ko /e molecule t 571 Temp./K Reference Technique/ Comments
Relative Rate Coefficients
(9.2+1)X107%2[N,] 297 Harker and Johnston, 1973 RR (a)
(8.01)X107*2[N,] 295 Hippler, Schippert, and Troe, 1975 RR (b)
Reviews and Evaluations
9.0x 1034 T/300) 2°[air] 200-300 NASA, 199¥ ()
9.0X107%(T/300) 2% [N,] 200-400 IUPAC, 1997 (d)
Comments Comments on Preferred Values

(@

(b)

(©
(d)

The preferred value at 298 K is from the relative rate
measurements of Harker and Johnstand Hippleret al?
) ; . The temperature coefficient is obtained from a simulation by
trations were monitored by IR absorption. The mea- .
. unimolecular rate theory. Absolute rate measurements are
sured value ofk/k(O 4 NO,) was evaluated with required. The reaction is in the falloff regime at pressures
k(O + NO,)=9.3x10"*2 cm® molecule * s 1. The q ' 9 P

rate coefficient has been reevaluated by increasing thao 1 bar. The pressure dependence of the rate coefficient

o an be expressed using the falloff expressions given in the
measured rate coefficient by 10% to aCCO“”E fora 100(fntroduction and employing the extrapolated high pressure
fa"fff below ko, as measured by Gaedtkeal.” rate constantk,,=2.2<10 ' cm® molecule ! s! (esti-
St(v?riitl??;V;?;nguigi.ralile;v?gsthmeoari]t(z) troelgsL)syolsz\l\;O mated to be temper_ature—independent over the range 200-
absorption. The measured value kfiO + NO,) 4OQ K) from the relative rate measuremgnts of Ref. _2. Broad-
was evaluated withk(O + NO,)=9.3x10 12 ch213 ening factors of F(300 K)=0.8 with an estlmated
molecule ! s™1, taking N,O reai:tions and falloff ef- [€mperature dependence Bf=exp(~ 171300 (from simu-
fects into accoimt. 5 lation by unlmolepular ra_te theonhave to be taken into
Based on the recommended values of Ref. 6 account. The ch0|cg qFC influences the values of the ex-
See Comments on Preferred Values T trapolated rate coefficientsy andk,,. The preferred values

' are i(zentical to those in our previous evaluation, IUPAC,
1997:

O(®P) atoms were generated by the photolysis of ,NO
in the presence of 1 bar oftNNO, and N,Os concen-

References

Preferred Values 1A. B. Harker and H. S. Johnston, J. Phys. Ch&m.1153(1973.

ko=9.0>< 10732 (T/3OO)72'O [Nz] Cm3 moleculél 571 2H. Hippler, C. Schippert, and J. Troe, Int. J. Chem. Kinet. Sym®R7

(1975.
over the temperature range 200-400 K. 3NASA Evaluation No. 12, 1997see references in Introductijon
4IUPAC, Supplement V, 1997see references in Introduction
Reliability SH. Gaedtke, K. Glazer, H. Hippler, K. Luther, and J. Tro&4th Interna-
tional Symposium on Combusti¢fihe Combustion Institute, Pittsburgh,
Alog kQ:iOJ.O at 298 K. 1973, p. 295.

An==1. 6CODATA, 1980(see references in Introductipn
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O+N03—>02+N02

AH°=—289.7 kdmol™*

Rate coefficie

nt data

k/cn?® molecule * 571 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

(1.7x0.6)x10" 1! 297 Canosa-Mas, Carpenter, and Wayne, 1989 DF-RF/A (a)
Reviews and Evaluations

1.0x10° 1 290-330 NASA, 1997 (b)

1.7x10 1 298 IUPAC, 1997 (c)

Comments

(@ [O(CP)] monitored by RF[NO;] by absorption at 662
nm using o=1.9x10 1" cm? molecule 1. Excess of
[NO;] over[O] was not sufficient to give purely first-
order kinetics. Analysis of the data took account of this
and of the possibility of other interfering reactions.

(b) Based on the study of Graham and Johnéton.

(c) See Comments on Preferred Values.

Preferred Values

k=1.7x10"1 ¢cm® molecule’ ! s at 298 K.

Reliability
Alogk==*0.3 at 298 K.

O(D) + N, + M

AH°=—356.9 kmol~*

Low-pressure rate

Comments on Preferred Values

The preferred value is that reported by Canosa-btaal.,*
which is the only direct measurement of the rate coefficient.
The earlier relative value of Graham and Johndtsncon-
sistent with the preferred value, taking into account the ex-
perimental uncertainties. The temperature dependence is
probably near zero, by analogy with the reaction of®)(
atoms with NQ. The preferred value is identical to that in
our previous evaluation, IUPAC, 19§7.

References

1C. E. Canosa-Mas, P. J. Carpenter, and R. P. Wayne, J. Chem. Soc. Far-
aday Trans. B5, 697(1989.

2NASA Evaluation No. 12, 1997see references in Introductipn

3|UPAC, Supplement V, 1997see references in Introduction

4R. A. Graham and H. S. Johnston, J. Phys. Ch&Pn254(1978.

coefficients

Rate coefficient data

ko /e moleculet s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

2.8<10 3 [N,] 300 Gaedtkeet al, 1973 (@

6.5xX107 % [N,] 296 Kajimoto and Cvetanovic, 1976 (b)

(8.8£3.3)X 107 %" [N,] 298 Maric and Burrows, 19§2 (©
Reviews and Evaluations

3.5x 10 ¥7(T/300) %6 [air] 200-300 NASA, 199% (d)

Comments formation was measured relative to; @onsumption

(@) Steady-state photolysis of;©0, mixtures at 260 nm
in the presence of 1-200 bar of,NThe rate of NO

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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(b) See commenta), measurements between 25 and 115makes the measurement of theQ\yield a difficult task. The

bar. differences between the three studidseflect this experi-
(c) Steady-state photolysis of synthetic air at 185 and 254nental problem. We prefer the measurement of Maric and
nm. Burrows’ which is consistent with Ref. 2. A theoretical

(d) Based on the results of Ref. 2 and a theoretical analysianalysis should be made in relation to the thermal decompo-
of the temperature dependence. The cited value is isition of N,O — N, + O(®P) in the low- and high-pressure
disagreement with the data from Ref. 2. ranges.

Preferred Values
References
Ko=9%x103"[N,] cm® molecule ! s™1 at 298 K.
Alog ky==*0.5 at 298 K. 1H. Gaedtke, K. Glazer, H. Hippler, K. Luther, and J. Tro&4th Interna-
tional Symposium on Combusti¢ihe Combustion Institute, Pittsburgh,
1973, p. 295.

Comments on Preferred Val.ues. » . 20. Kajimoto and R. J. Cvetanovic, J. Chem. PH34.1005(1976.
The slow rate of the reaction, in competition with the fast sp_\aric and J. P. Burrows, J. Photochem. PhotobioB6A 291 (1992.

electronic quenching reaction &) + N, — O(’P) + N,, “NASA Evaluation No. 12, 1997see references in Introductipn

O(*D) + N, — OCP) + N,

AH°=—189.7 kdmol~?*

Rate coefficient data

k/cn?® molecule * 571 Temp./K Reference Technique/ Comments

Absolute Rate Coefficients

2.0x10" ' exd (107+8)/T] 104-354 Streiet al, 1976 PLP (a)

(2.8+0.6)x10° 11 300

(2.4+0.1)x10" 1! 295 Amimotoet al, 197F PLP-RA (b)

(2.77+0.40)x 1071 298 Brock and Watson, 1980 PLP-RF(b)

(2.52+0.25)x 10" ¢ 297 Wine and Ravishankara, 1981 PLP-RF(b)
Relative Rate Coefficients

(2.6+0.3)x107 1! 296 Shi and Barker, 1980 (c)
Reviews and Evaluations

1.8x 10" ! exp(110T) 100-350 NASA, 1997 (d)

1.8x 107 exp(107T) 200-350 IUPAC, 1997 (e

Comments Preferred Values

(@ O(*D) atoms were monitored by time-resolved detec- k=2.6x10" cm® molecule s ! at 298 K.

tion of O(*D) — O(3P) emission. k=1.8x10 1! exp(107/T) cm® molecule ! s~ ! over the
(b) O(CP) atom product monitored. temperature range 100-350 K.
(©)  The kinetics of deactivation of £'S) were studied

by time-resolved emission from, Q'S ;) produced by  Reliability

the reaction of O{D) atoms with Q following pulsed Alogk=*0.1 at 298 K.

laser photolysis of @ The effect of N (and other A(E/R)= %100 K.

guencherkon the initial fluorescence intensity gave the

rate coefficient for OYD) deactivation relative to that Comments on Preferred Values

for O,. The rate coefficient for the reaction of ) The preferred value at 298 K is the average of the results

with O, (this evaluationis used to obtairk. of Streitet al," Amimoto et al,? Brock and Watsor,Wine

(d) Based on the data of Streit al,® Amimoto et al,? and Ravishankarhdand Shi and Barket.The temperature
Brock and WatsoA,Wine and Ravishankafaand Shi dependence of Streietal®l is accepted and the pre-
and BarkeP exponential factor is adjusted to fit the valuekoét 298 K.

' The preferred values are identical to those in our previous

(e) See Comments on Preferred Values. evaluation, IUPAC, 1997

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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References 3J. C. Brock and R. T. Watson, results presented at the NATO Advanced
Study Institute on Atmospheric Ozone, Portugal, 1979; see G. K. Moort-
gat's review in Report No. FAA-EE-80-21980.

1G. E. Streit, C. J. Howard, A. L. Schmeltekopf, J. A. Davidson, and H. I. *P. H. Wine and A. R. Ravishankara, Chem. Phys. L&7.103 (1981).

Schiff, J. Chem. Phys5, 4761(1976.

’s. T

Chem. Phys71, 3640(1979.

5J. Shi and J. R. Barker, Int. J. Chem. Kin22, 1283(1990.
. Amimoto, A. P. Force, R. G. Gulotty, Jr., and J. R. Wiesenfeld, J. SNASA Evaluation No. 12, 1997see references in Introduction
"IUPAC, Supplement V, 1997see references in Introduction

O(*D) + N,O - N, + O, (1)
— 2NO (2)
—O0CP) + N,O (3)

AH°(1)=—521.0 kJmol™?
AH°(2)=—340.4 kJmol™*
AH°(3)=—189.7 kdmol™*

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

k/cm® molecule * 571 Temp./K Reference Technique/ Comments
Absolute Rate Coefficients
(1.1+0.2)x10°1° 204-359 Davidsort al., 1977 PLP (a)
(1.20+0.1)x 10710 295 Amimotoet al, 197F PLP-RA (b)
(1.17+0.12)x 10710 298 Wine and Ravishankara, 1981 PLP-RF(b)
Branching Ratios
k, /k=0.62+0.02 298 Marx, Bahe, and Schurath, 1979 P-GC/CL
k, /k=0.62+0.09 177-296 Laret al, 198F P-CL
k,/k=0.61+0.08 296 Cantrell, Shetter, and Calvert, 1994 (c)
Reviews and Evaluations
k,=4.9x10" % 200-350 NASA, 1997 (d)
k,=6.7x 10" 200-350
ki=4.4x10" 1 200-350 IUPAC, 1997 (e
k,=7.2x10" % 200-350
ky<1x10 %2 200-350

(@ O(*D) atoms were monitored by time-resolved detec-

tion of O(*D) — O(®P) emission.
(b) O(CP) atom product monitored.

(c) Static photolysis of MO—0O; mixtures at\>240 nm

k,=7.2x10 cm® molecule * s™1, independent of tem-
perature over the range 200-350 K.

ky<1x10 2 cm® molecule ! s %, independent of tem-
perature over the range 200-350 K.

with product analysis by FTIR spectroscopy. The Reliability

amount of NO formed in reactiof®) was determined Alog k;=Alog k,=+0.1 at 298 K.
from the yield of HNQ formed by total oxidation and A(E;/R)=(E,/R)= =100 K.
hydration of NQ products, corrected for losses to the

wall. The value ofk,/k obtained from the experimen- Comments on Preferred Values

tal data was 0.5F 0.08; the value given in the table
was obtained by averaging the experimental value with
selected literature data.

(d Based on the measurements of Davidsenal,®
Amimoto et al,> Wine and RavishankaraVolltrauer

et al,'° Marx et al* and Lamet al®

(e) See Comments on Preferred Values.

Preferred Values

The data and recommendation for the branching ratio at
room temperature ok,/k=0.61+0.08 given by Cantrell

et al® are in complete accord with the earlier results of Marx
et al* and Lamet al® The overall rate coefficient values at
room temperature are the average of the results of Davidson
et al,! Amimoto et al,? and Wine and Ravishankatall of
which are in close agreement. The temperature independence
reported by Davidsomet al® is accepted. The preferred val-

k,=4.4x 10" 1 cm® molecule * s72, independent of tem-  Ues are identical to those in our previous evaluation, IUPAC,

perature over the range 200—350 K.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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References 5L. Lam, D. R. Hastie, B. A. Ridley, and H. I. Schiff, J. Photochet,
119(198)).
6C. A. Cantrell, R. E. Shetter, and J. G. Calvert, J. Geophys. $8:8739
1J. A. Davidson, H. I. Schiff, G. E. Streit, J. R. McAfee, A. L. Schmelt-  (1994.

ekopf, and C. J. Howard, J. Chem. Ph§g, 5021(1977. "NASA Evaluation No. 12, 1997see references in Introductipn
2S. T. Amimoto, A. P. Force, R. G. Gulotty, Jr., and J. R. Weisenfeld, J. 8lUPAC, Supplement V, 1997see references in Introductipn
Chem. Phys71, 3640(1979. 9J. A. Davidson, C. J. Howard, H. I. Schiff, and F. C. Fehsenfeld, J. Chem.
3P. H. Wine and A. R. Ravishankara, Chem. Phys. L%%}.103 (1981). Phys.70, 1697(1979.
4W. Marx, F. Bahe, and U. Schurath, Ber. Bunsenges. Phys. C8®825 104 N. Volltrauer, W. Felder, R. J. Pirkle, and A. Fontijn, J. Photochéin.
(1979. 173(1979.

HO + NH5; — H,0 + NH,

AH°=-66.5 kdmol™?*

Rate coefficient data

k/cm® molecule’® s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(1.5+0.4)x10713 298 Stuhl, 1973 FP-RF
2.3x 10 12 exp(—800M) 228-472 Smith and Zellner, 1975 FP-RA
1.57x10 18 298
2.93x 10 2 exy — (860+ 150)/T] 298-427 Perry, Atkinson, and Pitts, 1§79 FP-RF
(1.64+0.16)x10 13 298
5.41x 102 exd — (1070+70)/T] 294-1075 Silver and Kolb, 1980 DF-RF
(1.44+0.29)x 10713 294
4.55< 1072 exd — (973+78)/T] 297-364 Stephens, 1984 DF-RF
(1.73£0.11)x10° %8 297
3.29x 10" *2 exqd — (922+ 100)/T] 273-433 Diau, Tso, and Lee, 1990 PLP-FP(a)
(1.47+0.07)x 10718 297
Reviews and Evaluations
1.7X 1072 exp(— 7101T) 220-300 NASA, 1997 (b)
3.5X107 2 exp(— 925/T) 230-450 IUPAC, 1997 (©
Comments Comments on Preferred Values

(@ Pulsed laser photolysis and conventional flash photoly: The preferred values are obtained from a least squares fit
photoly P03, the data of Stur, Smith and Zeline?, Perry et al,?

sis of K0 and RO, used as source of HO radicals. Stephens, Diau et al.,? and the data of Silver and Kdib
The total pressure was varied over the range 0.091+

0.672 bar(68—504 Tor. below 450 K. The relative rate measurement kdk(HO

9 L .
(b) Based on the results of StuhiSmith and Zellnef, - HONO) by Coxet al” at 298 K is in good agreement with
3 ] : the preferred values when the value ldHO + HONO)
Perry et al,® Silver and Kolb? Stephens, and Diau AT
5 from this review is used. Results from other low temperature
et al” Only data below 300 K were used for the tem- . 10-12 . . .
studies are well outside the error limits obtained from
perature dependence bf L . . o
the six direct studies citéd® and are not used in this evalu-
(c) See Comments on Preferred Values.

ation.
There are numerous high temperature studies which, to-
Preferred Values gether with the studies cited here, indicate a distinct curva-
ture on the Arrhenius pldf but the simple Arrhenius ex-
k=1.6x10"*2 cm® molecule * s™! at 298 K. pression given here as the preferred expressionkfas
k=3.5x10 ' exp(—925/T) cm® molecule * s over sufficiently precise over the temperature range cited. The
the temperature range 230-450 K. curvature of the Arrhenius plot is also responsible for the
differences between the preferred expressions in the NASA
Reliability and IUPAC evaluations since different temperature ranges
Alogk==0.1 at 298 K. are considered. The preferred values are identical to those in
A(E/R)=*200 K. our previous evaluation, IUPAC, 19§7.
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References “NASA Evaluation No. 12, 1997see references in Introductipn
8|UPAC, Supplement V, 1997see references in Introductipn
LF. Stuhl, J. Chem. Phy&9, 635 (1973. °R. A. Cox, R. G. Derwent, and P. M. Holt, Chemosphér&01 (1975.

10
2|, W. M. Smith and R. Zellner, Int. J. Chem. Kin@ymp. 1, 341(1975. M- J- Kurylo, Chem. Phys. Let@3, 467 (1973.
3R. A. Perry, R. Atkinson, and J. N. Pitts, Jr., J. Chem. Pléy.3237 W. Hack, K. Hoyermann, and H. Gg. Wagner, Ber. Bunsenges. Phys.

(1976. Chem.78, 386 (1974.
4J. A. Silver and C. E. Kolb, Chem. Phys. LeT5, 191 (1980. 12p_B. Pagsberg, J. Eriksen, and H. C. Christensen, J. Phys. Ggh82
SR. D. Stephens, J. Phys. Che@8, 3308(1984. (1979.

SE. W.-G. Diau, T.-L. Tso, and Y.-P. Lee, J. Phys. Ché&#.5261(1990. 13, B. Jeffries and G. P. Smith, J. Phys. Ch&®.487 (1986.

HO + HONO — H,O + NO,
AH°=—168.4 kdmol™?*

Rate coefficient data

k/cm® molecule ! s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.80x 10" exp[ — (390+80)/T] 278-342 Jenkin and Cox, 1987 MM-RA
(4.5+1.5)x10" 12 297
2.8x107 12 exqd (260 140)/T] 298-373 Burkholdeet al, 1992 PLP-LIF (a)
(7.05+0.26)x 10712 298
Relative Rate Coefficients
(6.3+0.3)x10° 12 296 Cox, Derwent, and Holt, 1976 (b)
Reviews and Evaluations
1.8x 10~ exp(—390/T) 270-350 NASA, 199% (©
2.7X1071? exp(260T) 250-400 IUPAC, 1997 (d)
Comments Comments on Preferred Values

There are significant differences between the two direct
studies of Jenkin and Cbxand Burkholderet al.? particu-
larly with respect to the temperature dependencé.ofhe
work of Burkholderet al? has substantially better precision
than that of Jenkin and Chxand also receives support from
the relative rate study of Coet al® Furthermore, the small
negative temperature dependence&dbund by Burkholder
et al? is consistent with that observed for the analogous re-
action of HO radicals with HON®

The preferred value df at 298 K is a weighted average of
the values of Jenkin and CdxBurkholderet al,? and Cox
et al® The temperature dependence lofis that given by
Burkholderet al? with the pre-exponential factor chosen to
fit the preferred value df at 298 K. The preferred values are
identical to those in our previous evaluation, [IUPAC, 1897.

(@ HO radicals were monitored by LIF with HONO in
excess[HONQO] and[NO,] were also monitored using
in situ diode-array spectroscopy.

(b) Photolysis of HONO in the presence of added, H
CH,, CO,, CO, and NO at a total pressure of 1 bar. A
value of k/k(HO+H,)=945+48 was obtained. The
value ofk given here is calculated usingHO + H,)
=6.7x 10" cm® molecule * s™* (this evaluation

(c) Based on the study of Jenkin and Cox.

(d) See Comments on Preferred Values.

Preferred Values

k=6.5x10"*? cm® molecule * s™* at 298 K. References
— —12 1 1
k=2.7x10"*? exp(260T) cn® molecule * s™* over the 1, & jonin and R, A. Cox, Chem. Phys. LetB7, 548 (1987).
temperature range 290-380 K. 2J. B. Burkholder, A. Mellouki, R. Talukdar, and A. R. Ravishankara, Int.
J. Chem. Kinet24, 711 (1992.
. e 3
Reliability 5{72 ;3003><1(F1{97D6 Derwent, and P. M. Holt, J. Chem. Soc. Faraday Trans.
Alog k==0.15 at 298 K. “NASA Evaluation No. 12, 1997see references in Introduction
A(E/R)=*260 K. SIUPAC, Supplement V, 1997see references in Introduction
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EVALUATED KINETIC AND PHOTOCHEMICAL DATA

— [H2NO4] — Hzo + N03

AH°=-72.4 kImol™?*

1383

(1)
(2)

Rate coefficient data (k=k,+k5)

k/cm® molecule’* cm™* Temp./K

Reference

Technigue/Comments

Absolute Rate Coefficients

(8.9+1.3)x10™ 1 270-470 Margitan, Kaufman, and Anderson, 1975 DF-RF (a)

1.52x 10™ * ex( (649+ 69)/T] 224-366 Wineet al, 1987 FP-RF

(1.25+0.05)x 1013 298

(1.25+0.13)x 10718 298 Ravishankara, Eisele, and Wine, 1982 PLP-RA (b)

5.7x 10 1® ex{ (896+ 145/T] 228-298 Margitan and Watson, 1982 FP-RF(c)

(1.19+0.12)x 10713 298

1.05x 10™ * exy (759+ 100/T] 225-296 Kurylo, Cornett, and Murphy, 1982 FP-RF(d)

(1.38+0.20)x10 13 296

7.3x10 15 exy{ (867+85)/T] 251-403 Jourdain, Poulet, and Le Bras, 1982 DF-EPR(e)

(1.25+0.07)x 10718 296

1.52x 10”14 exf (644+ 79)/T] 218-363 Marinelli and Johnston, 1982 FP-RF(f)

(1.31+0.24)x10° %3 298

8.3x 107 exd (850+ 40)/T] 240-370 Smitret al, 1984 FP-RF(g)

(1.36-0.04)x 1013 295

5.4x 1071 exp(843T) 253-295 Devoldeet al, 1984 DF-RF (h)

(9.3+1.0)x10™ 295

2.0X 10 exyf (430=60)/T] 237-404 Connell and Howard, 1985 DF-LMR

(8.4+1.2)x10™ 14 301

(1.26+0.11)x 10 %3 298 Jolly, Paraskevopoulos, and Singleton, 1485 PLP-RA (i)

(1.28+0.10)x 10 13 297 Stachnik, Molina, and Molina, 1956 PLP-RA (j)
Reviews and Evaluations

See Comment 200-300 NASA, 1987 (k)

See Comment 220-300 IUPAC, 1947 k)

(@

(b)

(©

Comments

The value given is the mean of the rate coefficients
measured at 295, 420, and 465 K. A slightly higher
value obtained at 272 K was considered by the authors
to be less reliable.

The value ofk tabulated is at 67 mbdab0 Torn Ar; k (d)
was also measured at 80 mii&® Torn Sk and at 251

K. The reaction stoichiometry was measured by moni-
toring NO; radical production using optical absorption

at 662 nm and using the initigHO] value. The figures
given for the stoichiometry have since been revised a3e)
a result of a remeasurement of the absorption coeffi-
cient of NO,.2® The new values are 0.85 at 298 K and
0.88 at 251 K fOI’[NO3] produceé[HO]consumed

k was found to depend on both temperature and pres-
sure.k was reported to increase by 10% from 27 to 133
mbar(20—100 Tory He at 298 K and by 40% over the
same range at 238 K. The Arrhenius expression tabu-
lated is a least squares fit to the data for 53 md&  (f)
Torr) He over the temperature range 228-298 K. Sig-
nificant nonlinear Arrhenius behavior was observed
above 298 K at each value of the total pressireias

also determined at 27 mb&20 Torp He and 133 mbar

(100 Torp He. For the linear portion of the Arrhenius
plots (at or below 298 K the following values oE/R

are derived: —735 K27 mbar He¢ and —1000 K(133
mbar He. The authors made linear extrapolations to
zero pressure and reported AR value of —700 K for
data at or below 298 K.

k was studied over the temperature range 225-443 K
and over the pressure range 40—67 mi3&-50 Tory

of Ar and of Sk. k was observed to exhibit significant
nonlinear Arrhenius behavior above 296 K, with no
dependence on total pressure.

Pressure-1.3 mbar(1 Torr). k was reported to exhibit
linear Arrhenius behavior over the entire temperature
range but a greater temperature dependence
(E/R=-1119 K) is derived using only data at or be-
low 298 K. The NQ radicals produced were measured
by adding excess NO and monitoring its removal
by EPR. The stoichiometry so obtained was
[NO3] producedl HOlconsumed™ 103+ 0.05.

Pressure of 13—67 mba&i0-50 Tory Ar. k was re-
ported to exhibit linear Arrhenius behavior over the
entire temperature range, but a greater temperature de-
pendence E/R=—697 K) is derived using only data

at and below 298 K.
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(g9 The pressure was varied from 0.067 to 1.01 #—  This mechanism gives a rate coefficient which combines a
760 Torp He, with no observed effect on the value of low pressure limiting rate constark;, and a Lindemann—
k. Linear Arrhenius behavior was observed. Hinshelwood expression for the pressure dependence. This
(h) The rate coefficient was measured up to 373 K. Themechanism has been used by the NASA Pdrtel fit the
increase in the rate coefficient was observed to level ofavailable data and their expressidis adopted. The overall
above room temperature. The Arrhenius expressiomate constant can be expressed as:
tabulated applies to results below room temperature.
(i) The value given is for pressures of 1.3—-21 midar16 k=ka(T) +k>(M.T)
Torr) HNOs. Experiments were also carried out in the where,k,(M, T)=ks [M]/(1+ks [M]/K,).
presence of 0.667 b&00 Tor) N, and 0.800 ba(600 The expressions for the elementary rate constants are:
Torr) SF;. After corrections for the contribution of the  k;=7.2x 10 1® exp(785/T) cn® molecule * s™1
reaction HO+ NO, + M were made, no significant  k;=1.9x 10" 33 exp(725/T) cm® molecule ? s™*
effect of total pressure ok was observed. k,=4.1x 10 ' exp(1440M) cm® molecule * s71.
(j).  Measurements were made at 0.013, 0.080, and 0.973 All expressions are valid over the temperature range 200—
bar (10, 60, and 730 TojrHe, N,, and Sk. NO, was 300 K.
determined to be less than 0.1%. The data were fitted to This expression has been used to calculate the preferred
the fall-off function given in Lambet al’® The ex- value at 298 K and a pressure of 1 bar. A more detailed
trapolated zero-pressure rate constant corresponds tliscussion of the reaction is given in the NASA, 1997

E/R=-710 K. evaluationt®> The preferred values are identical to those in
(k) Based on the data in Refs. 1-12. See Comments oour previous evaluation, [UPAC, 1997.
Preferred Values. There is no evidence for products other than ;Nand
H,0. Studies of the reaction stoichiometry have given values
Preferred Values of 0.85%° and 1.0F Bossardet al!” and Singletoret al®

have reported a pressure and temperature dependence, re-

k=1.5x10"** cm® molecule * s™* at 298 K and 1 bar.  gpectively, of the rate coefficient of the related reaction DO
See Comments on Preferred Values for the expression t@ pNO,.

be used under other conditions of temperature and pressure.

o References
Reliability

A,Iog k==0.1 ,at,298 K. 13, J. Margitan, F. Kaufman, and J. G. Anderson, Int. J. Chem. Kinet.
Similar error limits apply to values df at other tempera-  symp. 1, 281(1975.

tures and pressures over the range 200—300 K. 2p. H. Wine, A. R. Ravishankara, N. M. Kreutter, R. C. Shah, J. M. Ni-
covich, R. L. Thompson, and D. J. Wuebbles, J. Geophys. 84105
(1981).

Comments on Preferred Values 3A. R. Ravishankara, F. L. Eisele, and P. H. Wine, J. Phys. CB&n1.854

The data have been carefully assessed by the NASA (1982.
Panef* and their recommendations and analysis are adopte@: J- Mafgllta” and g- T Wafsznj JL- wys'h(:h?ﬁ)é%li(l%% s061
in this evaluation. There is now general agreement on the xé‘;';”ryo’ K.D. Comett, and J. L. Murphy, J. Geophys. Res.
following major features of the data féx (a) a clear nega- 63 . jourdain, G. Poulet, and G. Le Bras, J. Chem. PF§s5827(1982.
tive temperature dependence below room temperature with éw. J. Marinelli and H. S. Johnston, J. Chem. PHg. 1225(1982.
much weaker temperature dependence above room tempera‘é; A{ ig"zhlv ('1-9;4'\"0"”@ J.J. Lamb, and M. J. Molina, Int. J. Chem.
. Inet. ) .
ture which appears to level off near 500 (ﬁ) a small but °P. Devolder, M. Carlier, J. F. Pauwels, and L. R. Sochet, Chem. Phys.
measurable pressure dependence at room temperature whichett. 111, 94 (1984.
increases at low temperatures. The pressure dependence l?‘l’&s S. Connell and C. J. Howard, Int. J. Chem. Kirigf, 17 (1985.
been determined by Margitan and Watsawver the range :?1751;3'?19?5 Paraskevopoulos, and D. L. Singleton, Chem. Phys. Lett.
27-133 mba'<2_0—10g Tory at temperatures of 225-298 K 12 A "stachnik, L. T. Molina, and M. J. Molina, J. Phys. Chedf, 2777
and by Stachnilet al.* for the range 0.013-0.973 bé&t0— (1986.
730 Torp at 297 K and 248 K. The two studies are in excel-ijNASA Evaluation No. 12, 1997see references in Introduction
lent agreement and show that the high pressure limit is aboqg'F:JPJA%O E;Zz';’”}e”é \’E;ulriﬁfssrr?@”f&'”;”iﬂ“ﬁﬁgar g AR
50%. greater than the low pressure limit at 298 K and ap- rayishankara, J. Phys. Cheg8, 1’3144(1994)" ’
proximately a factor of 2 greater than the low pressure valué®. . Lamb, M. Mozurkewich, and S. W. Benson, J. Phys. Cla&r6441
at 240 K. (1984. '
Lamb et al'® have proposed a mechanism involving for- A, R. Bossard, G. Paraskevopoulos, and D. L. Singleton, Chem. Phys.
. ) ) . . . Lett. 134, 583(1987).
mation of a bound, relatively long-lived, intermediate com-1sp | singleton, G. Paraskevopoulos, and R. S. Irwin, J. Phys. CBEm.

plex (channel 2 as well as the direct reactioichannel 1L 694 (1991).
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AH°(1)=-191 kJmol™*
AH°(2)=—45 kJmol™*

EVALUATED KINETIC AND PHOTOCHEMICAL DATA 1385

— H,0, + NO3 (2)

Rate coefficient data (k = k; + k)

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(4.0+1.6)x1071? 246-324 Trevor, Black, and Barker, 1982 FP-RF(a)
5.9x 10 '3 exd (650+ 30)/T] 240-340 Smittet al, 1984 FP-RF(b)
(5.24+0.19)x 10 12 295
Relative Rate Coefficients
(5.5+1.4)x10"1? 268-295 Barnest al, 1986 (©
Reviews and Evaluations
1.3x 1072 exp(3801T) 240-340 NASA, 1997 (d)
1.5x 10712 exp(3601T) 240-340 IUPAC, 1997 (e

Comments

(@ The rate coefficient was independent of the total pres-
sure over the range 4—20 mb@-15 Tor) He.

(b) The total pressure was 1.01 K&60 Torp of He.

(c) Relative rate study in a 420 L vessel. FTIR was used tg
monitor the concentration of HMO,, and the con-
centrations of the reference hydrocarbofBG;Hg,
n-C,H,o were monitored by GC. The effect of pres-
sure was studied over the range 1.3-400 nitha300
Torr) of He or N,. The rate coefficient was observed to
be pressure and temperature independent over thé
ranges studied. A rate coefficientifHO + n—C4H,)
=2.5x10 12 cm® molecule ! s7 was used and values
of k(HO + C3Hg), which is pressure dependent, were
taken from Kleinet al® Results from this study super-
sede earlier results obtained using similar but less se

sitive technique$.

(d) Based on the data of Trevet al,' Smith et al.? and

Barneset al®”’

(e) See Comments on Preferred Values.

Preferred Values

k=5.0x 1012 cm® molecule * s™* at 298 K.
k=1.5x 10 2 exp(360/M) cm® molecule® s™* over the
temperature range 240-340 K.

Reliability
Alogk==*=0.2 at 298 K.
A(E/R)="30K.

Comments on Preferred Values 3 )
The preferred values are based upon a Ieast-squares fit t(t. Barnes, V. Bastian, K. H. Becker, E. H. Fink, and F. Zabel, Chem. Phys.

the data of Trevoet al,> Smith et al,?> and Barneset al3

pressure$4—20 mbar(3—15 Torr He] and recommended a
temperature-independent rate coefficient but also reported an
Arrhenius expression witkE/R=(193+194) K. In contrast,
Smith et all reported a negative temperature dependence of
k with E/R=—(650+30) K over the range 240-340 K at
1.01 bar(760 Tory of He. It is possible that this difference is
due to the reaction mechanism being complex, leading to
different temperature dependences at low and high pressure.
At 220 K, the values ok derived from these studies differ by

a factor of 3 but the recommended error limits BR en-
compass the results from both studies.

The most recent study by Barnesal?® is the only one
over an extended pressure rang@7-400 mbar(5—-300
Torr) He at 278 K. They reported the rate coefficient to be
pressure independent over this range, and the same value of
k was found at 295 Klow pressurgand at 268 K133 mbar
n('100 Torn He]. They also reported no change with synthetic
air as the buffer gas. A TST calculation by Laneb al®
suggests that the pressure dependence of this rate coefficient
will be much less than that for the corresponding reaction of
HO with HNO;. The preferred values are identical to those
in our previous evaluation, IUPAC, 1997.

References

Ip. L. Trevor, G. Black, and J. R. Barker, J. Phys. Ch86).1661(1982.

2C. A. Smith, L. T. Molina, J. J. Lamb, and M. J. Molina, Int. J. Chem.
Kinet. 16, 41 (1984).

3|. Barnes, V. Bastian, K. H. Becker, E. H. Fink, and F. Zabel, Chem. Phys.
Lett. 123 28 (1986.

4NASA Evaluation No. 12, 1997see references in Introduction

SIUPAC, Supplement V, 1997see references in Introductipn

5Th. Klein, I. Barnes, K. H. Becker, E. H. Fink, and F. Zabel, J. Phys.

7Chem.88, 5020(1984.

ett. 83, 459(19812).
8J. J. Lamb, M. Mozurkewich, and S. W. Benson, J. Phys. Clg8y6441

Trevor et al? studied the reaction from 246 to 324 K at low (1984,
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HO + NO + M — HONO + M

AH°=-209.0 kJmol™*

Low-pressure rate coefficients

Rate coefficient data

ky/cm® molecule s72 Temp./K Reference Technique/ Comments
Absolute Rate Coefficients
(1.1+0.1)X107%°[N,] 293 Burrows, Wallington, and Wayne, 1983 DF-RF
(7.0+2.0)x 1073 (T/300) ~ (3603 [N,] 90-220 Atkinson and Smith, 1994 DF-LIF (a)
8.9x 10 % (T/298 21 [N,] 80-301 Sharkeegt al, 1994 PLP-LIF (b)
Reviews and Evaluations
7.0x 1073 (T/300) 2 [air] 200-300 NASA, 1997 (c)
7.4x 1073 (T/300 2% [N,] 200-400 IUPAC, 1997 (d)
Comments Preferred Values
(@ HO radicals were generated by a cqld cathode dis-  =7.4x 10731 (T/300~2*[N,] cm® molecule * s~* over
charge and detected by LIF. The experiments were car- the temperature range 200—400 K.
ried out in a supersonic expansion at total pressures
corresponding to 6—10'® molecule cm?. Reliability

(b) Experiments were carried out in a cryogenically cooled Alog ko==0.10 at 298 K.
cell and in a supersonic expansion. At 52 K, rate coef- An=+0.5.
ficients have been determined at total gas densities
6 7 ~3
from 5.1x10% to 8.2x10'" molecule cm?®. Comments on Preferred Values

© -52; rf(?é:%mr\r)r; ?gdfdzvﬂlrjlz 'g_i;v eighted average of the The preferred values are derived following the analysis of
d See Commenté o7n Isreferre d Vélues earlier data and measurements of the falloff curve with
' M=He from Ref. 16 and other bath gases from Ref. 17.

High-pressure rate coefficients

Rate coefficient data

k../cm® moleculet 571 Temp./K Reference Technique/ Comments
Absolute Rate Coefficients

3.0x10° 1 298 Zabarnick, 1993 PLP-LIF (a)

3.3x10°% 298 Forstert al., 1995° PLP-LIF (b)
Reviews and Evaluations

3.6x 10 (T/300 0! 200-300 NASA, 199% (0

4.5x10° 1! 200-400 IUPAC, 1997 (d)

Comments (d) Based on the preliminary results of Ref. 16.

(@) Falloff extrapolations with M=Ar and Sk at pressures
below 1 bar.

(b) Measurements in He up to 200 bar using saturated LIF
for detection.

(c) Based on the data of Anastasi and SmiiSharkey k.. =3.3x 10 ** cm® molecule * s7%, independent of tem-
et al.® Forsteret al,*® and Donahuet al® perature over the range 200—400 K.

Preferred Values
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Reliability 6J. G. Anderson and F. Kaufman, Chem. Phys. L&}.375(1972.
Alog k. =+0.2 over the temperature range 200—400 K. ’F. Stuhl and H. Niki, J. Chem. Phy§7, 3677 (1972.
8C. Morley and I. W. M. Smith, J. Chem. Soc. Faraday Tre88&.1016
(1972.
Comments on Preferred Values . . 9A. A. Westenberg and N. deHaas, J. Chem. PBys5375(1972.
The preferred values are taken from the determination ofo;. G. Anderson, J. J. Margitan, and F. Kaufman, J. Chem. Fity8310
the complete falloff curve from Ref. 16 and unpublished ex- (1974.
tensions of this work to the range 250—400 K, which gave'C. J. Howard and K. M. Evenson, J. Chem. PI§/5.1943(1974.
n=-0.3+0.3 The falloff curve corresponds to 12G. W. Harris and R. P. Wayne, J. Chem. Soc. Faraday Trai4, 610

(1975.
Fc=exp(—T/1420 K) andF (300 K)=0.81. 3R, Atkinson, D. A. Hansen, and J. N. Pitts, Jr., J. Chem. P8gs3284
(1975.
References 1R. P. Overend, G. Paraskevopoulos, and C. Black, J. Chem. BHys.
4149(1976.
13. P. Burrows, T. J. Wallington, and R. P. Wayne, J. Chem. Soc. Faradailsc' Anastasi and I. W. M. Smith, J. Chem. Soc. Faraday Trafid, 2056
Trans. 279, 111 (1983. (1978.
2p. B. Atkinson and M. A. Smith, J. Phys. Che®8, 5797 (1994). 18R, Forster, M. Frost, D. Fulle, H. F. Hamann, H. Hippler, A. Schlepegrell,
3p. Sharkey, I. R. Sims, I. W. M. Smith, P. Bocherel, and B. R. Rowe, J. _and J. Troe, J. Chem. Phys03 2949(1995.
Chem. Soc. Faraday Trar@0, 3609(1994). 173, zabarnick, Chem. Phy471, 265 (1993.
4NASA Evaluation No. 12, 1997see references in Introductipn 18N, M. Donahue, M. K. Dubey, R. Mohrschladt, K. L. Demerjian, and J. G.
SIUPAC, Supplement V, 1997see references in Introductipn Anderson, J. Geophys. ReR)2 6159(1997).

HO + NO, + M — HONO, + M

AH°=-207.6 kJmol™*
Low-pressure rate coefficients

Rate coefficient data

ko/cm® molecule s71 Temp./K Reference Technique/ Comments
Absolute Rate Coefficients
2.3x107%0 (/295725 [N,] 240-450 Anderson, Margitan, and Kaufman, 1974 DF-RF (a)
2.9} 1030 [N,] 296 Howard and Evenson, 1974 DF-LMR (b)
2.6x107% (T/296 72 [N,] 220-550 Anastasi and Smith, 1976 FP-RA(c)
(2.6+0.4)x 10730 (T/300 22 [N,] 247-352 Wine, Kreutter, and Ravishankara, 1979 FP-RF(d)
(2.720.2)x 107 [N,] 295 Burrows, Wallington, and Wayne, 1983 DF-RF (e)
Reviews and Evaluations
2.5x 1073 (T/300)~** [air] 220-400 NASA, 1997 )
2.6 X 10730 (T/30072°[N,] 200-400 IUPAC, 1997 (9
Comments Preferred Values
(@ The pressure range was 1.3—13 miar10 Tory. ko=2.6x 1073 (T/300)~2°[N,] cm® molecule * s™* over
(b) The pressure range was 0.5-6.7 m{fa#—5 Tory. the temperature range 200—400 K.

(c) Bath gas concentrations ¢8.2—160x 10*° molecule
cm 3 were used. Reliability

(d) Bath gas concentration$5.4—230x 10" molecule Alog ky=+0.1 at 298 K.
cm 3 were used. The experiments covered an essential An=+0.3.
part of the falloff curve, approaching the low pressure
limit.

(e) The pressure range was 1.3—6.7 mdar5 Torp.

(f) Based on the data from Refs. 1-5 and 8-10.

(g) Based on the data from Refs. 1-5 and the analysis
the complete falloff curve from Ref. 11.

Comments on Preferred Values

The preferred values are based on the data from Refs. 1-5,
0(1;onsistent with the falloff analysis from Ref. 11. The falloff
curve is constructed with the values kf and F. given
below.
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High-pressure rate coefficients

Rate coefficient data

k./cn® molecule * s7* Temp./K Reference Techniqgue/Comments
Absolute Rate Coefficients
3.5x107 1! 297 Wine, Kreutter, and Ravishankara, 1879 FP-RF(a)
=3.0x1071 295 Robertshaw and Smith, 1982 PLP-LIF (b)
7.5x107% 298 Forstert al, 19957 PLP-LIF (c)
Reviews and Evaluations
1.6x10°** (T/300 %7 200-300 NASA, 1997 (d)
6.7x 10 (T/300 ¢ 200-400 IUPAC, 1997 (e
Comments simulation by unimolecular rate theory. The values are con-

sistent with unpublished extensions over the range 270—-400

a) See commentd) for ky. Extrapolation of the falloff :
@ curve withE _(0)70 Ieli:?ds . >pS 5510~ e mol K of the experimental falloff curve from Ref. 11. The falloff
ecule L st ¢ e curves are constructed with broadening factors
: F.=exp(—T/340 over the range 250-400 K and
(b) At Ar pressure up to 4 atm and ¢PBressure up to 8.6 _°© o K 9
atm F.=0.41 at 300 K.
(c) Measurements in He were carried out over the range
7.6x 10'%-3.6<10°! molecule cm?. References
(d) Based on the data of Refs. 1-5 and 8-10.
(e) Based on a theoretical simulation of the falloff curve | )
f Ref 11 J. G. Anderson, J. J. Margitan, and F. Kaufman, J. Chem. Rty8310
rom Ref. 11. (1974
2C. J. Howard and K. M. Evenson, J. Chem. Prg/k.1943(1974.
Preferred Values 3C. Anastasi and |. W. M. Smith, J. Chem. Soc. Faraday Tra@g, 2459
(19786.
k =75x10"11 (T/300)70'6 cm? molecule® s71 over the 4P. H. Wine, N. M. Kreutter, and A. R. Ravishankara, J. Phys. Cla8n.
e 3191(1979.
temperature range 200-400 K. 5J. P. Burrows, T. J. Wallington, and R. P. Wayne, J. Chem. Soc. Faraday
Trans. 279, 111(1983.
Reliability 6NASA Evaluation No. 12, 1997see references in Introductipn
_ "IUPAC, Supplement V, 1997see references in Introduction
Alog k,=*0.10 at 298 K. 8K. Erler, D. Field, R. Zellner, and I. M. W. Smith, Ber. Bunsenges Phys.
An==0.5. Chem.81, 22 (1977.
9J. S. Robertshaw and I. W. M. Smith, J. Phys. Ch86,.785(1982.
Comments on Preferred Values 10N, M. Donahue, M. K. Dubey, R. Mohrschladt, K. L. Demerjian, and J. G.

Anderson, J. Geophys. ReR)2 6159(1997).

The preferred values are based on thl(la measured complete Forster, M. Frost, D. Fulle, H. F. Hamann, H. Hippler, A. Schiepegrell,
falloff curve for 300 K from Forsteet al.~ and the related  and J. Troe, J. Chem. Phy&3 2949(1995.
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HO + N03 — H02 + N02

AH°=-65.2 kJmol™*

Rate coefficient data

k/cm® molecule* s7* Temp./K Reference Techniqgue/Comments
Absolute Rate Coefficients
(2.6=0.6)x10°1* 298 Mellouki, Le Bras, and Poulet, 1988 DF-EPR(a)
(2.0+0.6x 1071t 298 Boodaghianst al, 1988 DF-RF (b)
(1.22+0.35x 107! 298 Becker, Rahman, and Schindler, 1992 DF-RF/MS(c)
(2.1+1.0x 1071t 297 Melloukiet al, 1993 DF-LMR (d)
Reviews and Evaluations
2.2x10° 1 298 NASA, 1997 (e
2.0x10° 1 298 IUPAC, 1999 )
Comments Reliability
==+
(@ Both [HO] and[HO,] (after conversion to HDwere Alogk=>0.3.
monitored in the presence of excess N@dicals. c ¢ Preferred Val
[NO;] was measured by titration with NO or 2,3- oTrEmenIs onfkreb(;:rre d SUSS keet al? i bstantiall
dimethyl-2-butene. A complex kinetics analysis ac-I etxa u?ho OI ane % de.c ?ﬁ at.hls fﬁ sar;égi‘g
counting for secondary chemistry was required to ex-ower than the values reported in th€ other three studies
tract values ok which are in good agreement, although the error limits
(b) Measured rate coefficiert was corrected for the ef- quol;ced atre ""’_‘rge- In al[{_of thfe studies dlt provedt_neceﬁ]ary to
fects of secondary reactions which accelerate the reNake extensive corrections for secondary reactions. 1he pre-
: ferred value ofk is a simple average of all of the reported
moval of HO radicals. | dis identical to that ted i . |
(c) [HO]was monitored by RF, arfdNO;] and[HO,] were V? ueSISrF]’Ag '1237'561 O that reported In our previous evaiu-
monitored by MS. Identical values &fwere obtained a Ilc\)ln, ' t' h b de of the t wre d
from HO produced by the H- NO, reactionin situ, or 3 measuﬁr(erl?etn S av<|a| een tma € Cl) € emperfléjr(; e
by injection of HO radicals produced from the penl ence .t% . u'l a sma}[' negative vaiue 1s expected by
H + NO, or F + H,0O reactions. A complex analysis anajogy with simifar reactions.
accounting for the secondary chemistry was required to
extract values ok. References
(d) [HO], [HO,], and[NO,] were monitored by LMR in an
excess of N@radicals. LA. Mellouki, G. Le Bras, and G. Poulet, J. Phys. Ch&®, 2229(1989
5 1 . . , G , . , J. . . .
(e) Btasleg Bon kthe tdalt% OfdMl\/eI”ﬁmekt' a:[I" lf’OOdaghlanS 2R. B. Boodaghians, C. E. Canosa-Mas, P. J. Carpenter, and R. P. Wayne,
et al,” Beckeret al,” and Melloukiet al. J. Chem. Soc. Faraday Trans82 931(1988.
(f) See Comments on Preferred Values. 3E. Becker, M. M. Rahman, and R. N. Schindler, Ber. Bunsenges. Phys.
Chem.96, 776 (1992.
4A. Mellouki, R. K. Talukdar, A. M. R. P. Bopegedera, and C. J. Howard,
Preferred Values Int. J. Chem. Kinet25, 25 (1993.
SNASA Evaluation No. 12, 1997see references in Introductipn
k=2.0x10"* cm® molecule’* st at 298 K. 8|UPAC, Supplement V, 1997see references in Introduction
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AH°=-32.4 kJmol™*

Rate coefficient data

k/cm® molecule® s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(8.1+1.5x107%? 296 Howard and Evenson, 1977 DF-LMR (a)
3.3x 10 2 exf{ (254 50)/T] 230-400 Howard, 1979 DF-LMR
8.01x 10 12 299
5.7X 10" 2 exd (130+ 270)/T] 270-425 Leu, 1979 DF-RF (b)
(9.8+1.6)x10712 298
(1.1+x0.3x107% 297 Glaschick-Schimpét al.,, 197¢ DF (c)
(7.6+1.7)x 10 *? 293 Hacket al., 198¢ DF-LMR/EPR (d)
3.57x 10 2 exf[(226+ 41)/T] 423-1271 Howard, 1980 DF-LMR (e)
7.6x10 2 298*
(8.5+1.3x107%? 297 Jemi-Alade and Thrush, 1990 DF-LMR (f)
3.0x 10" 2 exd (290 30)/T] 206-295 Seelegt al, 1996 DF-MS (g)
(8.0£0.5x 102 294
Relative Rate Coefficients
(7.3+0.7)x107%? 298 Thrush and Wilkinson, 1981 DF-LMR (h)
Reviews and Evaluations
3.5x 1072 exp(250/T) 200-430 NASA, 1997 0]
3.7X 10 2 exp(240IT) 230-500 IUPAC, 199 ()
Comments HO,, HO, and NQ. The value ofk was observed to

be independent of pressui®3-253 mbar(70-190
Torr) N,] at 294 K.

[HO] and[HO,] were monitored by LMR. Steady-state
[HO] and [HO,] were measured in a system where
their relative concentrations are described [IO]/

(@ [HO,] monitored. An upper limit of 4510 % cm®
molecule? s~ was established for the rate coefficient
of the potential pressure-dependent third-order channef. )
(b) [HO] monitored.

(c) [HO,] monitored in excess NO by emission at 1;481_ [HO,]=K/k(HO + H,0,). The value ofk was calcu-
after energy transfer from A'A) produced by a mi- lated using a rate coefficient &f(HO + H,0,)=1.7
crowave discharge in NO. X 1072 cm® molecule* s7* (this evaluation

(d) [HO,] monitored by both LMR and EPR. The rate co- (j) Based on the data from Refs. 1-5 and 7-9.
efficient was observed to be pressure independent ovg[)  Based on the data from Refs. 1-3 and 5-7.
the range 2.1-16.7 mb&t.6-12.5 Tory.

(e) Same technique used as in similar stutifesom the
same laboratory. The author combined data with those

from the earlier studies at lower temperatdre® de- Preferred Values

rive the expressiork=3.51x 10" 1? exp{(240+ 30)/T] k=8.3x 10-12 cm® molecule ® s-1 at 298 K

cn® molecule s for the temperature range 232— | _ 3 41012 exp(270T) cm?® molecule * s 1 over the
1271 K. The rate coefficient for the reverse reaction temperature range 200—400 K.

was also measured over the range 452-1115 K and
from the two studies a value ofAH{(HO,) Reliability
=(10.5+2.5) kJ mol'! at 298 K was derived. The Alogk==0.1 at 298 K.
value ofk at 298 K tabulated is obtained by extrapola- A (E/R)=+100 K.
tion of the high temperature expression.
(f) [HO,] monitored by LMR. HO radicals scavenged by comments on Preferred Values
reaction with GF;Cl. k was observed to be indepen-  The preferred value ok at 298 K is the mean of the
dent of pressure over the range 1.1-17 mi@a8—13  determinations of Howard and Evensbmoward? Leu?
Torr). Hacket al.®> Jemi-Alade and Thrushand Seelet al® The
(@ Turbulent flow technique. High pressure chemical ion-temperature dependence is the mean of the values of
ization mass spectrometry was used for the detection dfloward and of Seelyet al,® which are preferred to the less
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precise value of Let.The pre-exponential factor is adjusted Sw. Hack, A. W. Preuss, F. Temps, H. Gg. Wagner, and K. Hoyermann,
to fit the preferred value df at 298 K. Int. J. Chem. Kinet12, 851 (1980.

6C. J. Howard, J. Am. Chem. Sot02, 6937(1980.

"A. A. Jemi-Alade and B. A. Thrush, J. Am. Chem. Soc. Faraday Trans.
86, 3355(1990.
8J. V. Seeley, R. F. Meads, M. J. Elrod, and M. J. Molina, J. Phys. Chem.
1C. J. Howard and K. M. Evenson, Geophys. Res. 14437 (1977). 100, 4026(1996
) .

C. J. Howard, J. Chem. Phygl, 2352(1979. 9B. A. Thrush and J. P. T. Wilkinson, Chem. Phys. L&t, 1 (1981).

3
M.-T. Leu, J. Chem. Phy<(0, 1662 (1979. 0 . )
4. Glaschick-Schimpf, A. Leiss, P. B. Monkhouse, U. Schurath, K. H. NASA Evaluation No. 12, 1997see references in Introductipn

11 H
Becker, and E. H. Fink, Chem. Phys. Led, 318 (1979. IUPAC, Supplement V, 199%ee references in Introductipn

References

H02 + N02 + M — H02N02 + M

AH°=-105 kJmol™*

Low-pressure rate coefficients

Rate coefficient data

ko/cm® molecule’® s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(2.09+0.52x 1073 [N,] 300 Howard, 1977 DF-LMR (a)
(2.5+0.5x 10731 [N,] 283 Cox and Patrick, 1979 (b)
(2.3+0.6)x 1073%T/300)~*6 [N,] 229-362 Sander and Peterson, 1984 (©
1.5X 10731 [N,] 298 Kurylo and Ouellette, 1986 (d)
1.8x 10731 (T/300 3294 [N,] 228-358 Kurylo and Ouellette, 1987 (d)
Reviews and Evaluations
1.8x 10731 (T/300) 32 [air] 220-360 NASA, 1997 (e
1.8x 10731 (T/300 732 [N,] 200-300 IUPAC, 1997 )
Comments (e) Based on the data of Sander and PeteYsmad Kurylo

and Ouellette.

(@) Discharge flow system study with laser magnetic reso—(f) See Comments on Preferred Values.

nance detection of HO The pressure range was 0.7—4
mbar (0.5—3 Tor). The linear plot ofk, as a function
of [M] with a nonzero intercept was interpreted as con-

tribution from the reaction HO+ NO, Preferred Values

— HONO + O,.
(b) Molecular modulation UV spectrometry. HQ@adicals ko=1.8x 103! (T/300 32 [N,] cm® molecule * s™* over
were generated by €photolysis in the presence of,H the temperature range 220-360 K.
and Q. O,—N, mixtures used in the pressure range
53—-800 mbar40—600 Tor. Reliability

(©) Flash photolysis-UV absorption study in the pressure 2109ko==0.10 at 298 K.

range 67—930 mbab0-700 Tor). A strong enhance- An==1.
ment of reaction in the presence of water vapor was
. Comments on Preferred Values

observed, suggested to be due to formation ofHO The studies of Howard,Cox and Patrick, Sander and

H,0 complexe;. , _ Petersorf, and Kurylo and Ouelletfe are in reasonable
(d)  Flash photolysis of G-CH;OH-NO, mixtures in the  55eement. The preferred values are based on the study of
presence of @or N, with HO, detection at 225 kyrylo and Ouelletté, with the rate coefficienk, being
nm. The falloff curve measured over the pressuregyaluated with the value fdt, given below and=.=0.6, and
range 33—800 mbaR5-600 Tor). The rate coefficient are identical to those in our recent evaluation, IUPAC,
was evaluated using F.=0.6 and k.=4.7 1997 Modification of F will lead to minor changes itk
X 10712 (1/300 " 1** 10 ¢cm® molecule * s71. andk, .
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High-pressure rate coefficients

Rate coefficient data

k. /cm® molecule* s71 Temp./K Reference Technique/ Comments
Absolute Rate Coefficients
>1.7x 10712 283 Graham, Winer, and Pitts, 1577 @
>(1.5+0.5x 1012 283 Cox and Patrick, 1979 (b)
(4.2+1.0} 107 %2 (T/300)°-10 229-362 Sander and Peterson, 1084 (©)
5.5x 10712 298 Kurylo and Ouellette, 1986 (d)
4.7x 10712 (T/300 ~ 1410 228-358 Kurylo and Ouellette, 1987 (d)
Reviews and Evaluations
4.7x 1072 (T/300 14 220-360 NASA, 1997 (e
4.7x10°1? 200-300 IUPAC, 1997 ()
Comments Reliability
Alogk,==*0.2 at 298 K.

(@ From thermal decomposition of HEO, in a static
reactor with FTIR spectroscopic analysis of fND,.
Measurements at 1 bar of,Monverted to recombina-
tion rate coefficients with the equilibrium constants
given in Ref. 9.

(b) See commentb) for ky. Determination ofk, by ex-
trapolation of a curved Lindemann—Hinshelwood plot
gave an internally consistent falloff plot. The measured
value wask=9.2x10 13 cm® molecule* s™* at 800
mbar (600 Torp of a 1:1 mixture of N and G.

(c) See commentc) for k.

(d) See commentd) for k. 1

(& Based on the data of Sander and Petérsm KUIYIo 25 A Cox antl K. Ptttk I 3. Ghom. Kindtt, 6351979,
and Ouelletté. 3S. P. Sander and M. E. Peterson, J. Phys. Ci88n1566(1984.

(f) See Comments on Preferred Values. :M. J. Kurylo and P. A. Ouellette, J. Phys. Che®d, 441 (1986.

M. J. Kurylo and P. A. Ouellette, J. Phys. Che®d, 3365(1987.
6NASA Evaluation No. 12, 1997see references in Introductipn
"IUPAC, Supplement V, 1997see references in Introductipn
8R. A. Graham, A. M. Winer, and J. N. Pitts, Jr., J. Chem. PB@#s 4505

An==*1.

Comments on Preferred Values

The preferred values are based on the measurements and
the falloff analysis of Kurylo and Ouelletfeand are identi-
cal to those in our recent evaluation, IUPAC, 199The k,
andk,. values are based df.=0.6. Modification of the stan-
dard value ofF; will lead to minor changes ik, andk., .

References

Preferred Values

_ ~12 11 (1978.
k. =4.7x10 cn® molecule* s ) mdependent of tem- 9W. M. Uselman, S. Z. Levine, W. H. Chan, J. G. Calvert, and J. H. Shaw,
perature over the range 220-360 K. Chem. Phys. Lett58, 437(1978.
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H02N02 + M — HOZ + N02 + M

AH°=105 kJmol™*

Low-pressure rate coefficients

Rate coefficient data

kols™t Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.5X 1072 [N,] 298 Cox and Patrick, 1979 @
5.2x10°® exf{ —(10014*+ 250)/T] [N,] 261-295 Graham, Winer, and Pitts, 1878 (b)
1.3x 10729 [N,] 298
4.1 107° exp[— (10645+ 260/T] [N,] 261-307 Zabel, 1995 (©
1.2}<10729[N,] 298
Reviews and Evaluations
1.3x 10729 [N,] 298 IUPAC, 1997 (d)
5 105 exp(—100007) [N,] 260—300

Comments
Preferred Values

(@ Derived from measurements of the reverse reaction. 20 =
Conversion of the data to the dissociation reaction of t0i1'3x 1075 [N2] s~ at %_98 K. 1 h
HO,NO, using the equilibrium constank.=1.68 0_?'1X 10 62551300605& ) [N,] 7~ over the tempera-
X107 exp(—11977T) cm® molecule* from Ref. 5 ure range oo~ '
and comparison with earlier dissociation data. Reliability
(b) FTIR study in a 5800 L chamber. Measuremgnts were Alog ke=+0.3 at 298 K.
made at 1.3-9.3 mbail—7 Torp of N,. At higher A(E/R) = =500 K.
pressures #9.3 mbay, deviations from low pressure
behavior were observed. Comments on Preferred Values
() FTIR study in a 420 L chamber. The pressure range The preferred values are from the study of Zabend are
was 14-1027 mbaf10-772 Tory. The falloff curve in close agreement with those from Grahatral? The data
was evaluated witlr.=0.5. from Ref. 3 provide the most consistent picture of all
(d) Based on data of Refs. 1-3. RO,NO, dissociation reactions. Falloff curves are con-
structed withF.=0.5.
High-pressure rate coefficients
Rate coefficient data
Kels™t Temp./K Reference Technique/Comments
Absolute Rate Coefficients
>0.018 278 Graham, Winer, and Pitts, 1878 (@
5.7X 10" exp(—11170T) 261-307 Zabel, 1995 (b)
0.30 298
Reviews and Evaluations
0.34 298 IUPAC, 1997 (©
2.6X 10" exp(—109001) 260-300
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Comments

(@ See commentb) for ky. This is a lower limit since a
linear Lindemann—Hinshelwood evaluation of the fall-
off curve was made for the pressure range 0.013-1.0
bar (10-760 Tory of N,.

See commen(c) for k.

Based on a theoretical analysis of the data from Ref. 2.

(b)
(©

Preferred Values

k.=0.30 s at 298 K.
k., =5.7X 10'° exp(—11170M) s ! over the temperature
range 260—-300 K.

H02 + N03 — 02 + HON02

— HO +

AH°(1)=-223.4 kJmol™*
AH°(2)=-15.8 kJmol™!

Rate coefficient data

ET AL.

Reliability

Alogk, ==*0.5 at 298 K.
A(E/R)==*=500.

%omments on Preferred Values

See Comments on Preferred Values Kgr

References

IR. A. Cox and K. Patrick, Int. J. Chem. Kinettl, 635 (1979.

°R. A. Graham, A. M. Winer, and J. N. Pitts, Jr., Chem. Phys. I51t215
(1977; J. Chem. Phys68, 4505(1978.

SF. Zabel, Z. Phys. Cheni88 119(1995.

4IUPAC, Supplement V, 1997see references in Introduction

SW. M. Uselman, S. Z. Levine, W. H. Chan, J. G. Calvert, and J. H. Shaw,
Chem. Phys. Lett58, 437 (1978.

(1)

NO, + O, (2)

(k =k + ky)

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
k;=(9.2+4.8x 10713 298 Mellouki, Le Bras, and Poulet, 1988 DF-EPR(a)
k,=(3.6=0.9 x 10~ 1? 298
2.3x10 2 exd (170= 270)/T] 263-338 Hallet al, 1988 MM-UV/VIS (b)
(4.1+0.8x107%? 298
k;=(1.9+0.8x 1012 298 Becker, Rahman, and Schindler, 1392 DF-RF/MS(c)
k,=(2.5+0.7)x 10" 1? 298
(3.0+0.7)x 10712 297+2 Mellouki et al, 1993 DF-LMR (d)
Reviews and Evaluations
3.5x10° 2 298 NASA, 1997 )
4.0<107%? 298 IUPAC, 1997 )
Comments (d) [HO], [HO,], and[NO,] were all monitored by LMR.
. . . Three different methods for generation of N@ere
(@ [HO] and[HO,] were monitored in excess NO Ki- 9 N

netics of a complex mechanism were analyzed to ex-
tract values of rate coefficients. ValueldHO + NO,)
were also obtainetsee the HO+ NO; data sheet

(b) [HO,] and[NO;] were monitored by UV and visible

spectroscopy, respectively. The kinetics of complex(e)
mechanism simulated to extract values of rate coeffi—(f)

cients. An upper limit ok,/k <0.6 was obtained from
measurements ofHO] by modulated resonance ab-
sorption.

[HO] monitored by RF, andNO;] and[HO,] moni-
tored by MS. Quasi-steady state [6fO,] and[HO] is
produced by reaction of HO with NQ in excess, to
reform HO, radicals.k; was inferred from the extra

(©

used k could be obtained under pseudo-first-order con-
ditions by using an excess of N@nd adding gFCl

to scavenge HO radicals. A value of the branching ratio
was obtained by simulation of the time dependences of
[HO] and[HO,] using a simple mechanism.

Weighted average of the data in Refs. 1-4.

See Comments on Preferred Values.

Preferred Values

k=4.0x10 2 cm® molecule ! s™* at 298 K.

loss of HQ following the establishment of the quasi- Reliability

steady state.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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Comments on Preferred Values to be too uncertain to make a recommendation. The preferred
Although the most recent study by Melloutd al? gives a  values are identical to those in our previous evaluation,
value ofk at 298 K some 30% lower than obtained in the IUPAC, 1997°

earlier studie$; all of the values are within the reported

error limits, which are substantial. The preferred value is a

mean of the data from all four studits’ Measu(rstzements‘lof 1A Mellouki. G. Le B 4 G. Poulet, 3. Phys. Chaf. 2229(1988
the branching ratid/k at 298 K range from<0.6* to 1.0: L4 Metoukl, ©. Le Bras, and ©. Fouet, J. Fhys. : '
The study of Melloukiet al, in which HO yields were mea-  prys. Gromes. soa(1o8s. - oo &nd 6D Hayman. 5
sured, appears to be the most direct, and suggests that the. Becker, M. M. Rahman, and R. N. Schindler, Ber. Bunsenges. Phys.
reaction proceeds almost entirely through the second chanA-Chem-%, 776(1992.

nel, but at this stage no recommendation is made for the ﬁ]'tw;e'g‘]‘g;fki'ﬁé I;éu;girig%am R.P. Bopegedera, and C. J. Howard,
branching ratio because of the experimental uncertaintiessyasa Evaluation No. 12, 1997see references in Introductipn

Similarly, data on the temperature dependence is consideretlUPAC, Supplement V, 1997see references in Introduction

References

NH, + O, — products

Rate coefficient data

k/cm® molecule’® s71 Temp./K Reference Technique/ Comments
Relative Rate Coefficients
<6x107% 296 Tyndallet al, 1991 @
Reviews and Evaluations
<6.0x10°% 298 NASA, 1997 (b)
<6x10°% 298 IUPAC, 1997 (c)
Comments channels leading directly, or indirectly, to NO, BNOand

N,O. This result confirms earlier conclusions that the reac-

NO,, and NO, the only likely reaction products, were tion is very slow,™® making _it _unim_portant in Fhe atmo- _
measured by FTIR spectroscopy. The upper limit to thesphere. Thg preferred value is identical to that in our previ-
rate coefficient was based on computer simulation of £US €valuation, IUPAC, 1997.
substantial reaction mechanism.

(b) Based on the data of Tyndadt al! References

(c) See Comments on Preferred Values.

(@ Photolysis of NH in the presence of excess, ONO,

1G. S. Tyndall, J. J. Orlando, K. E. Nickerson, C. A. Cantrell, and J. G.
Calvert, J. Geophys. Re86, 20761(1991).
2NASA Evaluation No. 12, 1997see references in Introductipn
3|UPAC, Supplement V, 1997see references in Introduction
4R. Lesclaux and M. Demissy, Nouv. J. Chifh).443(1977.
5S. G. Cheskis and O. M. Sarkisov, Chem. Phys. L&21.72 (1979.
Comments on Preferred Values SR. Patrick and D. M. Golden, J. Phys. Che88, 491(1984.
. . . . 7 i
This reaction has several energetically feasible channels,géfil'boggvsw' M. A. loffe, and O. M. Sarkisov, Chem. Phys. LdfLQ
including those leading to N@ H,0 and HNO+ HO. The 8J. V. Michael, R. B. Klemm, W. D. Brobst, S. R. Bosco, and D. F. Nava,

measurements of Tyndaéit al! set an upper limit to the  J. Phys. Chem89, 3335(1985.

Preferred Values

k<6x10%' cm® molecule* s™1 at 298 K.
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NH, + O; — products

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
4.2x 10 2 exd —(1250+ 250)/T] 298-380 Kurasawa and Lesclaux, 1880 FP-LIF
(6.3x1.0x10 ™ 298
(1.2+0.3x10 = 298 Bulatovet al, 198G FP(a,b
2.01x 10" ex —(710=50)/T] 250-358 Hack, Horie, and Wagner, 1881 DF-LIF (b)
(1.84+0.19x 10713 295
1.57x 10" exd — (1151+ 123)/T] 272-348 Patrick and Golden, 1984 PLP-RA
(3.25+0.27x 1071 298
(1.5£0.3x10 = 298 Cheskiet al, 1985 PLP-LIF (c)
Reviews and Evaluations
4.3x 10" 2 exp(—930/) 250-360 NASA, 1997 (d)
4.9x 10 *? exp(—10007T) 250-380 IUPAC, 1997 )
Comments Comments on Preferred Values
(@ [NH,] monitored by intracavity laser absorption spec- The reported rate.co.e fficients at 298 K vary by a factor of
troscopy 5. There is no convincing argument for rejecting any of the
b) Deviatioﬁ from first-order kinetics observed at high O studies and, therefore, the preferred rate coefficient at 298 K
ressures. and interoreted as due to formation ojg(NH is taken as the average of the results of Kurasawa and
\F/)vhich reg('anerates P y reaction with Q Lesclaux! Bulatovet al,? Hacket al.* Patrick and Goldef,
\H_b . : 5 i -
(c) The rate coefficients of reaction of vibrationally excited aqd Cheskist al.. The temperature dependencekoi Ot:ﬂ
NH. with O. were also measured and found to be atalned by averaging _the values of Kurasawa and Lesclaux,
factzor of 103 reater than that of NHn its ground Hacket al.® and Patrick and GoldehAlthough the products
vibrational sta%e 9 of the reaction have not been characterized, the most likely
(d) Based on the aata of Bulatoet al.? Hack et al,® process is transfer of an oxygen atom to form 0+ O,.
Patrick and Goldef.and Cheskist a|’5 ’ It has been suggestetithat NH, may be regenerated by
(©) See Comments on 1Preferred Values. reaction with Q, but the study of Patrick and Goldkimdi-
' cates that this reaction must be slow. The preferred values
are identical to those in our previous evaluation, IUPAC,
1997/
References
Preferred Values
1H. Kurasawa and R. Lesclaux, Chem. Phys. L&#.437 (1980.
k=1.7x10 '3 cm 3 molecule ! s™* at 298 K. Z\S/- i_- BUIato(\j/'AA]AT' Bttl!oyéér;], S. EH Chig;fyzlgﬂéééggzlinen 0. M.
_ 12 - 1 —1 arkisov, and A. I. Trostin, Chem. Phys. \ .
k=4.9x10 eXp( 10007r) Cms molecule * s over SW. Hack, O. Horie, and H. Gg. Wagner, Ber. Bunsenges. Phys. C8&m.
the temperature range 250-380 K. 72 (198)).
4R. Patrick and D. M. Golden, J. Phys. CheB8, 491 (1984).
Reliability 5S. G. Cheskis, A. A. logansen, O. M. Sarkisov, and A. A. Titov, Chem.

Alogk==*0.5 at 298 K.

Phys. Lett.120, 45 (1985.
SNASA Evaluation No. 12, 1997see references in Introductipn

A(E/R==*500 K. "IUPAC, Supplement V, 1997see references in Introduction
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EVALUATED KINETIC AND PHOTOCHEMICAL DATA

NH2+ NO—)N2+ Hzo

— NoH + HO

1397

(1)
(2)

—N,+H+HO (3)

AH°(1)=-500.8 kJmol™*
AH°(3)=-16.5 kJmol™*

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

k/cm® molecule* s7* Temp./K Reference Technique/Comments

Absolute Rate Coefficients
2.7x10° 1 300 Gordon, Mulac, and Nangia, 1971 @
(8.3x1.7)x10712 298 Gehringet al, 1973 DF-MS (b)
2.1x10°8 7125 300-500 Lesclauet al., 1975 FP(c)
(1.8+0.3x1071* 300
(2.1+0.2x 101 298 Hancoclet al, 1975 FP-LIF
(1.7+0.4x 107 298 Sarkisov, Cheskis, and Sviridenkov, 1978 FP (d)
45x10°7 7718 210-500 Haclet al, 1979 DF-LIF
9.7x107%? 298
2.77x1077 T ~87 216-480 Stiekt al, 1987 FP-LIF (e)
(2.10+0.3)x 10 1 298
4.4x10°° T 22 exp(—6841) 294-1215 Silver and Kolb, 1982 DF-LIF (f)
(9.59+2.4x 10712 298
(1.7x0.5x 107 295 Andreseret al, 1982 PLP (g)
(1.81+0.12x 1071 297 Whyte and Phillips, 1983 PLP-LIF
1.7x1071* 298 Dreier and Wolfrum, 1985 PLP (h)
(1.3x0.4x 107 298
1.31x 1078 T ~(1.170.25) 294-1027 Atakaret al, 19897 PLP-LIF (i)
(1.67+0.259x 1071 298
2.0x 10 1 (T/298 22 295-620 Bulatowet al, 1989° FP (d)
5.43T 492 exp(— 10341 293-612 Wolf, Yang, and Durant, 1994 PLP-LIF
(1.9x0.)x107* 295
2.2x 10 2 exf{(525+ 80)/T] 297-673 Diaet al., 1994° PLP (j)
(1.45+0.09x 10711 297

Branching Ratios
(ky+kg)/k=0.1+0.025 300 Atakanet al, 19892 PLP-LIF (i)
k,/k=0.85 295 Stephensat al, 1993¢ PLP-AS (k)
(ky+kg)/k=0.10 295
ki/k=0.89+0.04 302 Park and Lin, 1996 PLP-MS(l)
(kp+kg)/k=0.11+0.02 302

Reviews and Evaluations
4.0X 10”12 exp(450/T) 210-500 NASA, 199 (m)
1.6x10 1 (T/299 15 210-500 IUPAC, 1997 (n)
(kptkg)/k=0.1 298

Comments (d) [NH,] was monitored by intracavity laser absorption.

(@

(b)

(©

Pulsed radiolysis of NE-NO mixtures at 670 mbar ©

(500 Torp total pressurelNH,] was monitored by ab-
sorption spectroscopy.

NO, was added to excess H atoms followed by addi-
tion of excess NH. Analysis by time-of-flight mass (f)
spectrometry. Vibrationally excited J@ product was
observed. Addition product NJMO also observed, to

the extent of 5% of the Nformed.

[NH,] was monitored by absorption spectroscopy. No
pressure dependence lofvas observed over the range
2.7-930 mbak2—-700 Tory of N,. (9)

[NH,] was monitored by LIF. Production of HO looked
for by resonance fluorescence and found under static
conditions, but not under flowing conditions. An upper
limit to (k,+ks)/k of <0.22 was obtained.

[NH,] was monitored by LIF. HO production detected
by RF or by LIF. A rate coefficient ratio ofk,+kz)/k
=(0.4=0.1) was obtained, but the data were later re-
analyzed by the authors to give a value of 0.12. H-atom
production looked for using RF; an upper limit of 0.05
for channels leading to H atoms found.

Rate coefficient determined by monitoring production
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of vibrationally excited HO by observation of infrared not known. The preferred value at 298 K is therefore taken as
and visible emissions. RA and LIF were used to moni-the average of the values reported in Refs. 2—-15. The tem-
tor[HO]. ky/k =0.65 obtained, with H-atom production perature dependence is based on the data below 500 K in the
being <0.05. six temperature dependence studies of Lesckdwal,® Hack

(h) [NH,] and[N,] monitored by coherent anti-Stokes Ra- et al.® Stief et al,’” Silver and Kolb® Atakan et al,*? and
man spectroscop§CARS). Independent value of rate Bulatovet al!®
coefficient obtained by monitoring the IR fluorescence The preferred value of the branching ratio is based on the
of vibrationally excited HO. direct measurements of Atakanal,'? Stephent al,*® and

(i) [HO] monitored by LIF. HO vyield also measured using Park and Lint’ The less direct measurement of Bulatov
HO production from HO, photolysis to calibrate for et al*®is in good agreement. The preferred values are iden-

[HO]. tical to those in our previous evaluation, [UPAC, 1987.
(j)  NH, monitored by cavity ring-down absorption at

537.6 nm. References
(k) Pulsed laser photolysis of NHNO mixtures.[H,0],

[HOJ, [NHs], and[NH,] monitored by infrared absorp- 1s. Gordon, W. Mulac, and P. Nangia, J. Phys. Ch@B.2087(1971).

tion spectroscopy. . . . 2M. Gehring, K. Hoyermann, H. Schacke, and J. Wolfrubth Interna-
(I)  Pulsed laser photolysis of NHNO/CO mixtures. Time tional Symposium on Combusti¢fihe Combustion Institute, Pittsburgh,
resolved MS measurement of NHH,O, and CQ pro- 1973, p. 99.

duced by scavenging of HO by coO 3R. Lesclaux, P. V. Khe, P. Dezauzier, and J. C. Soulignac, Chem. Phys.
. Lett. 35, 493 (1975.
3 4
(m) Based on the data of Lesclaex al.,” Hancocket al,, 4G. Hancock, W. Lange, M. Lenzi, and K. H. Welge, Chem. Phys. B&t.

Sarkisovet al.® Stief et al,” Andresenet al.® Whyte 168(1975.
and Phillipst® Dreier and Wolfrum'* Atakan et al,*? 0. M. Sarkisov, S. G. Cheskis, and E. A. Sviridenkov, Bull. Acad. Sci.

14 ; 15 USSR, Chem. SeR7, 2336, Eng. trang.1978.
Wolf et al, Diau etal, and Imamura and 6W. Hack, H. Schacke, M. Schroter, and H. Gg. Wagrigtth Interna-

Washidat® tional Symposium on Combusti¢fihe Combustion Institute, Pittsburgh,
(n) Based on the data of Refs. 1-13. 1979, p. 505.
L. J. Stief, W. D. Brobst, D. F. Nava, R. P. Barkowski, and J. V. Michael,
J. Chem. Soc. Faraday Trans78 1391(1982.

Preferred Values 83. A. Silver and C. E. Kolb, J. Phys. CheB6, 3240(1982.

11 1.1 °P. Andresen, A. Jacobs, C. Kleinermanns, and J. Wolfrl@th Interna-
k=1.6x10 ' cm® molecule * s* at 298 K. tional Symposium on Combusti¢fihe Combustion Institute, Pittsburgh,
k=1.6x10"*" (/298 *° cm® molecule* s™* over the 1982, p. 11 B

temperature range 210—500 K. A. R. Whyte and L. F. Phillips, Chem. Phys. Let02, 451 (1983.

117, Dreier and J. Wolfrum20th International Symposium on Combustion
ki/k=0.9 at 298 K. (The Combustion Institute, Pittsburgh, 198p. 695.

(kot+k3)/k=0.1 at 298 K. 12, Atakan, A. Jacobs, M. Wahl, R. Weller, and J. Wolfrum, Chem. Phys.
Lett. 155 609 (1989; B. Atakan, J. Wolfrum, and R. Weller, Ber Bun-

Reliabilit senges. Phys. Cherfi4, 1372(1990.
Yy BBy, P. Bulatov, A. A. loffe, V. A. Lozovsky, and O. M. Sarkisov, Chem.

Alog k==0.2 at 298 K. Phys. Lett.161 141 (1989.

An==*=0.5. M. Wolf, D. L. Yang, and J. L. Durant, J. Photochem. Photob#l. 85

Akyfkp=+0.1 at 298 K, 15(E19\§\)/‘D'D‘ T.Yu M. A G. W d M. C. Lin, J. Phys. Che38,

. . W. Diau, T. Yu, M. A. G. Wagner, and M. C. Lin, J. Phys. X
A(ky+k3)/k=+0.03 at 298 K. 4034/(1994.
163, W. Stephens, C. L. Morter, S. K. Farhat, G. P. Glass, and R. F. Curl, J.

Comments on Preferred Values Phys. Chem97, 8944(1993.

- . . - 273, Park and M. C. Lin, J. Phys. ChetDQ, 3317(1996.
The rate coefficients obtained in the pUIsed phmOIySISSNASA Evaluation No. 12, 1997see references in Introductipn

SFUdieS are significan_tly higher than those ok_)tair_1ed using tI'?QIUPAC, Supplement V, 199%ee references in Introduction
discharge flow technique. The reason for this discrepancy i¥T. Imamura and N. Washida, Laser Chei®, 43 (1995.
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NH, + NO, — N,O + H,0 (1)

— N, + H,O, (2)

— H,NO + NO (3)

AH°(1)=-361.7 kmol™*
AH°(2)=-335.2 kmol™?*

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

k/cm® molecule* s7* Temp./K Reference Technique/Comments
Absolute Rate Coefficients
3.2x1074T 30 250-500 Haclet al, 1979 DF-LIF/MS (a)
1.0x10°1* 295
3.8x107°8 T ~180 298-505 Kurasawa and Lesclaux, 1979 FP-LIF
(2.3x0.29x10°1* 298
(2.11+0.19x 1071 297 Whyte and Phillips, 1983 PLP-LIF
(2.26+0.09x 10 ¢ 298 Xiang, Torres, and Guillory, 1985 PLP-LIF (b)
(2.1£0.4x 1071 (T/299 17 295-620 Bulatowet al, 198% FP(c)
Branching Ratios
ka/k=0.14+0.02 298 Quandt and Hershberger, 1896 PLP-TDLS(d)
Reviews and Evaluations
2.1X 10" 2 exp(650/T) 250-510 NASA, 1997 (e
2.0x 107 (/29820 250-500 IUPAC, 199%7 )
Comments An=+0.7.
(@ [NH,] was monitored by LIF for the rate coefficient

(b)

(©

(e)
(f)

determination. A separate flow system was used for £0mments on Preferred Values L .

study of products by mass spectrometry. Product analy- The value ofk obtained by Haclet al." at 298 K using a

sis suggested that 95% of the reaction proceeds bglschargg—flovy technique is S|gn|f|ca_1ntly lower than the val-
channel(1). ues obtained in the four other studfes,all of which used
NH, formed by multiphoton dissociation of NH The flgs_h phc_;tolysis and which are in excellent agreement. A
variation of the rate coefficient with the degree of ex- Similar discrepancy between discharge flow and flash pho-

citation of NH, was also studied. tolysis results is observed for the reaction of Niith NO.
[NH,] was monitored by intracavity absorptickwas The preferred value at 298 K is the average of the values
found to be independent of pressure over the rang&epPorted in Refs. 1-5. The temperature dependence is the
13-870 mba(10—650 Tor). average of the values of Hacktal,! Kurasawa and

Pulsed laser photolysis of NHNO, mixtures. Time- Lesclaux? and Bulatovet al® The preferred values are iden-

resolved infrared laser spectroscopy was used to deteff@! to those in our previous evaluation, IUPAC, 1997.
N,O, H,0, and NO. Large amounts of NO were pro- A initio calculation$ suggest that channe(s) and(3) are

duced by unidentified secondary chemistry. the most likely. Hacket al* investigated product formation
Based on the data of Hacktal,! Kurasawa and @and concluded that 95% of the reaction proceeds by channel
Lesclaux2 Whyte and Phillips$ and Xianget al® (1). There is also some support for the predominence of
See Comments on Preferred Values. channel (1) from the flow reaction and kinetic modeling

study of Glarborget all® However, a direct measuremént
gives k;/k=0.14+0.02. At this stage no recommendations
Preferred Values are made concerning the branching ratios.

k=2.0x10 ! cm® molecule * s™* at 298 K.
k=2.0x10" (T/298 2° cm® molecule* s over the References

temperature range 250-500 K.
1W. Hack, H. Schacke, M. Sclher, and H. Gg. Wagner7th Interna-
tional Symposium on Combustigfihe Combustion Institute, Pittsburgh,

Reliability 1979, p. 505.
Alogk==*=0.2 at 298 K. 2H. Kurasawa and R. Lesclaux, Chem. Phys. L&&.602 (1979.
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3A. R. Whyte and L. F. Phillips, Chem. Phys. LetD2, 451 (1983. “NASA Evaluation No. 12, 1997see references in Introductipn

4T.-X. Xiang, L. M. Torres, and W. A. Guillory, J. Chem. Phy88, 1623 8JUPAC, Supplement V, 1996see references in Introductipn

(1985. 9A. M. Mebel, C.-C. Hsu, M. C. Lin, and K. Morokuma, J. Chem. Phys.
5V. P. Bulatov, A. A. loffe, V. A. Lozovsky, and O. M. Sarkisov, Chem. 103 5640(1995.

Phys. Lett.159, 171(1989. 0p_ Glarborg, K. Dam-Johansen, and J. A. Miller, Int. J. Chem. KiR&t.
SR. W. Quandt and J. F. Hershberger, J. Phys. CHe&8. 9407 (1996. 1207(1995.

2NO + O, — 2NO,

AH°=-114.1 kmol™*

Rate coefficient data

kicm® molecule 2 s71 Temp./K Reference Technique/ Comments
Absolute Rate Coefficients

(2.0+0.)x 10738 298 Stedman and Niki, 1973 @

1.8<1074" T 27 exp(1600M) 226-758 Olbregts, 1985 (b)

2.1x10°% 298

Reviews and Evaluations

3.3x 10" * exp(530/) 273-660 Baulctet al, 1973 (¢
3.3x 1073 exp(530) 273-600 IUPAC, 1997 (d)
Comments Comments on Preferred Values

. . L . The preferred values are those recommended in the evalu-
(@ Static system. Photolysis of 1-100 ppm mixing ratios__. 3 . .
T . L ation by Baulchet al® The results of studies performed since
of NO, in air using chemiluminescence detectors to : ) ; . .
. that evaluation, which are given in the table, are in excellent
monitor NO, NG, and G. .
. . _agreement with the preferred values.
(b) Statc 1 L reactor. Total pressure was measured with a . . .
: . ) . Olbregtg observed non-Arrhenius behavior over the entire
differential micromanometer, andNO,] measured in . o
. temperature range studied and expreskday a modified
absorption at 436 nm. Pressures of NO andréhged . : .
up to 35 mbar26 Tor. Non-Arrhenius behavior was Arrhenius expression and also as the sum of two Arrhenius
P X expressions. However, from 250 K to about 600 K the total

observed W'thk.f'rSt dgcreasmg with increasing tem- rate coefficient of Olbregtsis in good agreement with the
perature, reaching a minimum value at 600 K, and then

increasing with increasing temperature value calculated from the expression recommended here and
(c) Based on an evaluation of a substantial quantity of con.> adequate _for atmosphenc modeling pUrposes. Ollfre_gts
sistent data reported up to 1972. interpreted his results in terms of a multi-step mechanism

X 3 involving NO; or the dimen(NO),. The preferred values are
(d)  Accepts the evaluation of Baulat al. identical to those in our previous evaluation, IUPAC, 1997.

Preferred Values

k=2.0x10 % cm® molecule 2 s™* at 298 K. References
k=3.3x 103 exp(530/M cm® molecule? s™* over the

temperature range 270-600 K. ID. H. Stedman and H. Niki, J. Phys. Chev, 2604 (1973.

2] Olbregts, Int. J. Chem. Kinet7, 835(1985.
Reliabilit 3D. L. Baulch, D. D. Drysdale, and D. G. HornEyaluated Kinetic Data
I| ! Ly 01 at 298 K for High Temperature Reaction®/olume 2: Homogeneous Gas Phase
=+ ;
- 2 1 ,

Alog da . Reactions of the j+-N,—O, Systen{Butterworths, London, 1973
A(E/R)==*=400 K. 4|UPAC, Supplement V, 1997see references in Introductijon
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NO+03—>N02+02

AH°=-199.8 kJmol™*

Rate coefficient data

k/cn® molecule® s71 Temp./K Reference Technique/ Comments
Absolute Rate Coefficients
2.34x 10" *? ex —(1450+ 50)T] 203-361 Birkset al, 1976 @
(1.73:£0.09x 1074 297
4.3x10 2 exd —(1598+ 50)/T] 283-443 Lippmann, Jesser, and Schurath, 1980 (b)
(2.14+0.1)x 104 304
3.16x 102 ex — (1556+ 40)/T] 212-422 Ray and Watson, 1981 DF-MS
(1.80+0.04x 10"+ 299
2.6X 102 exd —(1435+64)/T] 195-369 Michael, Allen, and Brobst, 1981 ()
(2.0£0.2x 10714 298
8.9x107%° T 22 exp(—765/T) 204-353 Borders and Birks, 1982 (d)
(1.72£0.04x 10714 298
Reviews and Evaluations
2.0X 1072 exp(—14001) 200-300 NASA, 1997 (e
1.8X 10 2 exp(—1370M) 195-304 IUPAC, 1997 )
Comments Reliability

(@
(b)

(©

Alogk=*+0.08 at 298 K.

Fast flow system, witHO3] in excess and with NO A(E/R) = = 200 K.

being monitored by mass spectrometry.

First order decay ofO;] in the presence of excess NO
monitored by chemiluminescent detection under
stopped-flow conditions in a 220 *vstainless steel

Comments on Preferred Values

The preferred Arrhenius expression is based on a least-
) squares analysis of the data over the range 195-304 K re-
ipherlcal vessel at pressures below 0.13 mifat ported by Birkset al,! Lippman et al,> Ray and Watsof,

o). _ Michael et al,* and Borders and BirksThe data at closely
Three independent low pressure fast-flow studies. Th%paced temperatures reported by Lippmatmml? and by
extent of reaction was monitored by N@hemilumi- g jers and Birkswere grouped to give equal weight to the
nescence under conditions of excess NO or excess O e studies. The temperature range was limited because of
In other experiments the decay of NO in exCess\@s  he nonlinear Arrhenius behavior observed by Clgtel,?
monitored by RF. The results from all studies were INClough and Thrush,Birks et al,! Michael et al,* and by
good agreement. An Arrhenius plot of the data showedzgrgers and Birké.Earlier room temperature results of Sted-
significant curvature withE/R varying from 1258 K 150 and Niki° and Bemandet all! are in good agreement
(195-260 K to 1656. K(269—369 K. o with the preferred value at 298 K. The preferred values are
Dual flow tube technique with Nfxhemiluminescence jgentical to those in our previous evaluation, IUPAC, 1897.
used to monitor the reaction progress. The authors ciyne et al.? Birks et al,* Schurathet al,'? and Michael
claim that this technique gives accurate value£t et al* have reported individual Arrhenius expressions for
over temperature intervals as small as 10 K. Nonlineagach of two primary reaction channels, one to producg NO

Arrhenius behavior was observed WiliR increasing in its ground electronic state and the other leading to elec-
from a value of 1200 K at the lowest temperature stud+ronically excited NQ.

ied to 1470 K at the highest temperature.

(e) Based on the data in Refs. 1-5.
(f) See Comments on Preferred Values. References
1J. W. Birks, P. Shoemaker, T. J. Leck, and D. M. Hinton, J. Chem. Phys.
65, 5181(1976.
2H. H. Lippmann, B. Jesser, and U. Schurath, Int. J. Chem. Kir&t547
(1980.
Preferred Values 3G. W. Ray and R. T. Watson, J. Phys. Che38, 1673(1981).
4J. V. Michael, J. E. Allen, Jr., and W. D. Brobst, J. Phys. Ch8&) 4109
k=1.8x10"* cm® molecule * s™* at 298 K. (1983

SR. A. Borders and J. W. Birks, J. Phys. CheB, 3295(1982.

_ —12 1 o1
k=1.8x10"'? exp(—1370M) cm® molecule* s™* over 6NASA Evaluation No. 12, 1997see references in Introductipn

the temperature range 195-304 K. "IUPAC, Supplement V, 199%ee references in Introduction
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8M. A. A. Clyne, B. A. Thrush, and R. P. Wayne, Trans. Faraday 86c.  !'P. B. Bemand, M. A. A. Clyne, and R. T. Watson, J. Chem. Soc. Faraday

359(1964). Trans. 270, 564 (1974).
9P. N. Clough and B. A. Thrush, Trans. Faraday $%8;.915 (1967). 12y, Schurath, H. H. Lippmann, and B. Jesser, Ber. Bunsenges Phys. Chem.
10D, H. Stedman and H. Niki, J. Phys. Chef#¥, 2604 (1973. 85, 807 (1981).

NO + NO, + M — N,O3 + M

AH°=—40.5 kdmol™*

Low-pressure rate coefficients

Rate coefficient data

ko/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(6.7+0.6)x 10723 [Ar] 207+2 Smith and Yarwood, 1987 FP (a)
(9.1+0.7)x 10733 [N,] 208+2
(2.8+2.8x 10715 T ~(77208) [Ar] 227-260 Markwalder, Gozel, and van den Bergh, 993 (b)
4.1x 10 % [Ar] 207
Reviews and Evaluations
3.1xX 10734 (T/300 77 [N,] 208-300 IUPAC, 1997 (©
Comments Preferred Values
(@) Partial photodissociation of JD; in equilibrium ko= 3.1X 1073 (T/300 " [N,] cm® molecule’* s over

NO,—N,0,—NO—-N,O3—M mixtures with M=He, Ar,
Ne, N,, and CF (see also Ref. ¥4 The relaxation to
equilibrium was monitored by observing the absorption

the temperature range 200—-300 K.

of N,O; at the v; band at 1829.59 cnt. The total ReAIITbIIIty_+O 3 at 298 K
pressure was 253—-667 mb@r90-500 Tory. Falloff o9 |io-— 2 a '
curves were extrapolated usirg=0.60 for Ar and An==1.
N,.
(b) CO laser-induced temperature jump measurement§omments on Preferred Values
with  NO,—N,0,—N,0O3—NO-SiF—Ar equilibrium The preferred values are based on the data from Mark-

mixtures. The subsequent relaxation toward equilib-walder etal? after conversion by the ratioky(Ny)/
rium was monitored by UV absorption of,; at 253 ky(Ar)=1.36 of Smith and Yarwood,and are identical to

nm. those in our previous evaluation, IUPAC, 1997.
(c) See Comments on Preferred Values.

High-pressure rate coefficients

Rate coefficient data

k. /cm® molecule * s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(3.4x1)x 1012 208 Smith and Yarwood, 1987 FP (a)
(2.7+0.9)x 10715 T(1402) 227-260 Markwalder, Gozel, and van den Bergh, $993 (b)
4.7x10°12 208

Reviews and Evaluations
7.9x 1072 (/3004 208-300 IUPAC, 1997 (c)

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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Comments

(a
(b)
(©

See commenta) for k.
See commentb) for k.
See Comments on Preferred Values.

Preferred Values

k., =7.9x10 *? (T/300** cm® molecule ! st over the

temperature range 200—300 K.

Reliability
Alog Kk,
An==*0.5.

+0.3 at 298 K.

1403

Comments on Preferred Values

The preferred values are those from Ref. 2, where the
largest ranges of the falloff curve were investigated, and are
identical to those in our previous evaluation, [IUPAC, 1897.
At 208 K, the values ok, from Refs. 1 and 2 are in reason-
able agreement.

References

1. W. M. Smith and G. Yarwood, Faraday Discuss Chem. $¢.205
(1987.

2B. Markwalder, P. Gozel, and H. van den Bergh, J. Phys. Cl8&n5260
(1993.

3|UPAC, Supplement V, 1997see references in Introductipn

4. W. M. Smith and G. Yarwood, Chem. Phys. Lel80, 24 (1986.

AH°=40.5 kJmol™?*

Low-pressure rate coefficients

Rate coefficient data

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

5.0< 104 T ~(87=0.9) exp(—4880) [Ar] 225-260 Markwalder, Gozel, and van den Bergh, 1993 @
Reviews and Evaluations

1.9x 1077 (T/300) 87 exp(—48801) [N,] 225-300 IUPAC, 1997 (b)

Comments

(@

with  NO,—N,0,—N,O3—NO-SiR—Ar equilibrium

mixtures. The subsequent relaxation toward equilib-

rium was monitored by UV absorption of ,N; at

253 nm. Dissociation rate coefficients were derived
from the measured recombination rate coefficients and

the equilibrium constant from Chaetal® of K,
=1.8x10?° T ~* exp(—4880M) molecule cm?3. Falloff
curves with M=Ar were obtained over the pressure
range 0.5—200 bar and extrapolatedkgaandk, with
F.=0.6. ky(N,)/ky (Ar)=1.36 was taken from Smith
and Yarwood (see reacton NO+ NO, + M

— N203 + M)

See Comments on Preferred Values.

(b)

Preferred Values

CO, laser-induced temperature jump measurements k,=1.6x10 **[N,] s *at 298 K.

ko=1.9x10"" (T/300) 87 exp(—4880M) [N,] s* over
the temperature range 225—-300 K.

Reliability

Alog ky==*0.4 at 298 K.
An==1.
A(E/R)==200 K.

Comments on Preferred Values

The preferred values are based on the data of Ref. 1,
which are consistent with a theoretical analysis of the results
(leading to collision efficiencieg.(Ar)=0.3). The preferred
values correspond to an analysis of the falloff curve with
F.=0.6 and the value df, given below, and are identical to
those in our previous evaluation, IUPAC, 1997.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997



1404

ATKINSON ET AL.

High-pressure rate coefficients

Rate coefficient data

Kelst Temp./K Reference Technique/ Comments
Absolute Rate Coefficients

4.8x 104 T (04=01) exp(—4880M) 225-260 Markwalder, Gozel, and van den Bergh, 1993 @
Reviews and Evaluations

4.7X 10 (T/300°“ exp(—48801T) 225-300 IUPAC, 1997 (b)

Comments
(@ See commenta) for k.
(b) See Comments on Preferred Values.

Preferred Values

k,.=3.6x10% s ! at 298 K.
k.. =4.7x 10'° (T/300°* exp(—48801) s™* over the tem-
perature range 225-300 K.

Reliability
Alogk,==*0.3 at 298 K.
An==1.
A(E/R)==*=100 K.

Comments on Preferred Values

The preferred values are based on the values of Ref. 1

converted to dissociation data with the equilibrium constant
of Ref. 3.

References

1B. Markwalder, P. Gozel, and H. van den Bergh, J. Phys. CI8&n5260
(1993.

2JUPAC, Supplement V, 1997see references in Introductipn

3J. Chao, R. C. Wilhoit, and B. J. Zwolinski, Thermochim. Adi@ 359
(1974).

4. W. M. Smith and G. Yarwood, Faraday Discuss. Chem. Bd¢.205
(1987).

NO + NO; — 2NO,

AH°=-97.6 kJmol™*

Rate coefficient data

k/cm® molecule® s72 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.55x 10~ exp(195/T) 209-299 Hammer, Dlugokencky, and Howard, 1986 DF-LIF (a)
(2.95+0.1x 10 1 299-414
1.59x 10~ exp(122/T) 224-328 Sander and Kircher, 1986 FP-A (b)
(2.41+0.49x 101 298
1.68x 10 exp(103/T) 223-400 Tyndalkt al, 1998 DF-LIF (c)
(2.34x0.24x 10711 298
Reviews and Evaluations
1.5x 10" exp(170/T) 200-420 NASA, 1997 (d)
1.8x 10 M exp(110/) 220-400 IUPAC, 1997 (e
Comments with HNO; and of NG with O;. In other experiments,
. . the decay offNO] in excess N@ was monitored by
(@  Arrhenius behavior was obse_rved florover the tem- chemiluminescence. The value at 298 K is the mean of
perature range 209-299 K, with a constant value of the values from all three systems.
rate coefficient above room temperature. (d) Based on the data in Refs. 1-3.
(b)  [NOs] was monitored by optical absorption. Total pres-(e) See Comments on Preferred Values.
sure was varied from 67 to 930 mb@&0—700 Tory of
He and N.
(c) [NOs] was monitored by LIF in excess NO. In these Preferred Values

experiments N@ was produced by the reaction of F

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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k=1.8x 101! exp(110M) cn® molecule® s over the ~Sander and Kirchérand Tyndall etal,® with the pre-

temperature range 200—420 K. exponential factor in the Arrhenius expression being adjusted
to fit the value ofk at 298 K. The preferred values are iden-
Reliability tical to those in our previous evaluation, IUPAC, 19697.

Alogk==*=0.1 at 298 K.
A(E/R)==*=100 K.

References

1p. D. Hammer, E. J. Dlugokencky, and C. J. Howard, J. Phys. CBem.
Comments on Preferred Values 2491(1986.
The preferred value dfat 298 K is the mean of the values 25- P. Sander and C. C. Kircher, Chem. Phys. L6, 149(1986.
reported by Hammeet al.,l Sander and Kirchezr,and Tyn- G. S. Tyndall, J. J. Orlando, C. A. Cantrell, R. E. Shetter, and J. G.
3 . . Calvert, J. Phys. Chen®5, 4381(1991.
dall et al,” all of which are in good agreement. The preferred syasa Evaluation No. 12, 1997see references in Introduction

temperature dependence is the average of the values GiUPAC, Supplement V, 1997see references in Introductipn

N02 + 03 g N03 + 02
AH°=-102.2 kImol ™!

Rate coefficient data

k/cm® molecule® s71 Temp./K Reference Technique/ Comments
Absolute Rate Coefficients
(3.2+0.5x107Y 298 Ghormley, Ellsworth, and Hochanadel, 1973 FP (a)
9.76x 10 Y exd — (2427+ 140)/T] 260-343 Davigt al, 1974 (b)
(3.42-0.27x 10V 303
1.34x 10" ** exd —(2466+ 30)/T] 231-298 Graham and Johnston, 1974 (c)
(3.49+0.23x107Y 298
1.57x 10 ¥ exd —(2509+ 76)/T] 259-362 Huie and Herron, 1974 (d)
(3.78+0.07x 1077 297
(3.45+0.12x 107 296 Cox and Coker, 1983 (e
Reviews and Evaluations
1.2x 10 exp(—24500) 230-360 NASA, 1997 )
1.2x 10713 exp(—2450M) 230-360 IUPAC, 1997 (9)
Comments AO;) was determined to have the value 1X8%09.
(8 Flash photolysis systemiOs] and [NO,] were moni- Minor role for unsymmetrical N@species suggested
tored by optical absorption. to account for a stoichiometric factor of less than 2.

(b) Stopped flow system with detection of,®y time-of- () Based on the data of Davist al,” Graham and
flight mass spectrometry. The pre-exponential factor Johnstor?, Huie and Herror‘f,an_d Coxzand Coket.
given in the abstract is incorrect; the correct value is(@ Based on the data of Davistal,” Graham and
tabulated heréD. D. Davis, private communication Johnstort, and Huie and Herrofi.

(¢) Longpath static cell.O;] and[NO,] monitored in sepa-

rate experiments by UV absorption spectrometry. Sto- Preferred Values
ichiometric ratio ANO,/AO;) was measured to be
1.89+0.08. k=3.5x10"*" cm® molecule * s™* at 298 K.
(d) Stopped-flow system[O;] monitored by molecular- k=1.4x10"13 exp(—2470m) cm® molecule! s™* over
beam sampling mass spectrometry. the temperature range 230-360 K.

(e) Static system. Experiments performed with both NO
and with G, in excess. Time-resolved absorption spec-Reliability
troscopy was used to monitor,85 with a diode laser Alog k==*0.06 at 298 K.
infrared source, and NOand Q, were monitored at A(E/R)=*=150 K.
350 and 255 nm, respectively, using conventional UV
technigues. Total pressure, 13 mb@oO Torp N,. Comments on Preferred Values
N,Os was shown to be the only stable nitrogen- The preferred value at 298 K is taken as the mean of the
containing product. Overall stoichiometryANO,/  five values tabulateti;> corrected where necessary for the

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997



1406 ATKINSON ET AL.

difference between the temperature of the measurement and References

298 K. The temperature coefficient is taken as the mean of

the values obtained by Davét al,?> Graham and Johnstdn,

and Huie and Herrofi,which are in excellent agreement. 'J. A. Ghormley, R. L. Ellsworth, and C. J. Hochanadel, J. Phys. Cigm.
Verhees and Aderfeobiained a signifcanty higher tem. S0 ST sRGee L
perature coefficient fok and a higher pre-exponential factor, 17751974,

but wall reactions were shown to be important in their work. 3r. A. Graham and H. S. Johnston, J. Chem. PBs4628(1974.
There are also a number of other measurements aif or ‘;2- i- (H:uie anddé- g- gerkronyJCf:m- Phé/ﬁ' Lég,34llé§l974)-

close to 298 K, which have nOt. been useq n de_rn{mg theGNASA EO\)/(aﬁJnatior{ N6. fz,egygé'(serg?z%ereﬁg]a.s in(lntr(?;!.uctu)n
preferred values because of their substantial deviation fromvypac, supplement v, 199%see references in Introduction

the majority of the other studies. 8p. W. C. Verhees and E. H. Adema, J. Atmos. Ch&n887 (1985.

NO, + NO, + M — N,O, + M

AH°=-57.3 kJmol™*
Low-pressure rate coefficients

Rate coefficient data

ko/cm® moleculet s72 Temp./K Reference Technique/ Comments
Absolute Rate Coefficients
(1.4+0.2 X 103 [N,] 298 Borrell, Cobos, and Luther, 1988 PLP (a)
(1.0+0.1)x 10733 [N,] 224 Brunning, Frost, and Smith, 1988 FP (b)
(2.1+0.2)x 10 12 T (790209 [Hg] 255-273 Markwalder, Gozel, and van den Bergh, 992 (c)
Reviews and Evaluations
4.7x10 %% exp(860IT) [N,] 250—350 Baulch, Drysdale, and Horne, 1973 (d)
1.4x 1073 (T/300 738 [N,] 300-500 IUPAC, 1997 (e
Comments (e) See Comments on Preferred Values.
(@ Relaxation of NG—N,0O,—N, equilibrium mixtures af-
ter low intensity pulsed laser photolysis of®), at 248 Preferred Values
nm. The relaxation to equilibrium was obtained by s a8 -
measuring the change in,8, absorption at 220 nm.  ko=1.4<10"* (T/300 ~>®[N,] cm® molecule* s™* over
Falloff curves (1-207 bay were extrapolated with the temperature range 300-500 K.

F.=0.40 and N=1.26.
(b) Perturbation of equilibrium mixture of JD, and NG  Reliability
by photolysis of a fraction of the JD,. The relaxation Alog ky==*0.3 at 298 K.

rate was monitored by IR absorption of@®)}, at 1565.5 An==*1.
1

cm -
(c) Temperature jumps induced by IR absorption of,3iF Comments on Preferred Values
equilibrium mixtures of N@-N,O,—He—SiF. The re- The preferred values are from the most extensive study of

laxation to equilibrium was followed by measuring Borrell et al,! where a complete falloff curve was measured.
NO, and NO, concentrations by absorption spectros-Earlier less extensive measurements are in reasonable agree-
copy at 420 and 250 nm, respectively. Falloff curvesment with this curve, which usds.=0.40. The temperature
(0.3—200 bar were extrapolated witiH-.=0.52 and dependence given is from the theoretical modeling of Ref. 1,

N=1.10(see also earlier data from Ref..6 rather than from the limited experimental information of Ref.
(d) Based on data for the reverse reactions previous t8. The preferred values are identical to those in our previous
1970 and the equilibrium constant. evaluation, IUPAC, 1997.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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High-pressure rate coefficients

Rate coefficient data

k../cm® molecule’ ! s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(8.3x1.0x107 % 298 Borrell, Cobos, and Luther, 1988 PLP (a)
(3.7+0.3x 10718 T (2302 255-273 Markwalder, Gozel, and van den Bergh, $992 (b)
Reviews and Evaluations
1.0x10712 250-300 IUPAC, 1997 (©
Comments those in our previous evaluation, IUPAC, 199The tem-

perature dependence lkof andk,, derived from the measure-
ments of Ref. 3 appears to be the result of fitting of incom-
plete falloff curves.

(@ See commenta) for k.
(b) See commentc) for ky.
(c) See Comment on Preferred Values.

Preferred Values

References
k. =1.0x 10 *? cm® molecule * s7%, independent of tem-
perature over the range 250—-300 K. p. Borrell, C. J. Cobos, and K. Luther, J. Phys. Cheg).4377(1988.
2J. Brunning, M. J. Frost, and I. W. M. Smith, Int. J. Chem. Kir8, 957
S (1988.
Reliability 3B. Markwalder, P. Gozel, and H. van den Bergh, J. Chem. FI%$5472

Alog k, ==+ 0.3 over the temperature range 250—300 K.  (1992.
“D. L. Baulch, D. D. Drysdale, and D. G. HornEyaluated Kinetic Data
for High Temperature Reaction¥ol. 2: Homogeneous Gas Phase Reac-

Comments on Preferred \(a!ues_ tions of the H—N,—O, SystemButterworths, London, 1973
The preferred rate coefficient is the mean of the values ofs\ypac, supplement v, 1997see references in Introductipn

Borrell et al! and Markwalderet al,® and are identical to  °P. Gozel, B. Calpini, and H. van den Bergh, Isr. J. Che# 210(1984.

N204+M—>N02+N02+M

AH°=57.3 kmol !
Low-pressure rate coefficients

Rate coefficient data

ko/s™t Temp./K Reference Technigue/Comments
Absolute Rate Coefficients

1.29x 107 (T/300 38 exp(—6460) [N,] 300-500 Borrell, Cobos, and Luther, 1988 PLP (a)

1.6X 101 T ~(100=1.0) ey —(6790+ 700)/T] [He] 255-273 Markwalder, Gozel, and van den Bergh, £992 (b)
Reviews and Evaluations

4.2x 107" exp(—55501) [N,] 250-350 Baulch, Drysdale, and Horne, 1973 (@]

1.3x107® (T/300 ~*® exp(—64001) [N,] 300-500 IUPAC, 1997 (d)

6.1X 10 15 [N,] 298

Comments ban were extrapolated witk.=0.40 and N=-1.26. The

@ _ o _ equilibrium constant from Ref. 5 was employed.
@ Relaxation of NQ-N,O,—N, equilibrium mixtures af- (b) Temperature jumps induced by IR absorption of SiF

ter pulsed laser photolysis of ,8, at 248 nm. The equilibrium mixtures of N@-N,O,~He—SiF. The re-
relaxation to equilibrium was followed by observing laxation to equilibrium was followed by absorption
N,O, in absorption at 220 nm. Falloff curvéd—207 spectroscopy of N©and NO, at 420 and 250 nm,

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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respectively. Falloff curveg0.3—200 bar were ex-
trapolated with F,=0.52 and N=1.10. Equilibrium
constants from Ref. 6 were employed.

Based on the shock-wave studies of Refs. 7 and 8.
See Comments on Preferred Values.

(©
(d)

Preferred Values

ko=6.1x10"1°[N,] s ! at 298 K.
ko=1.3x 1075 (T/300) 38 exp(—6400M) [N,] s~ * over the
temperature range 300-500 K.

ATKINSON ET AL.

Reliability
Alog ky==*0.3 at 298 K.
A(E/R)==500 K.

Comments on Preferred Values

The preferred values are from the measurements of Borrell
et all in combination with the equilibrium constants from
Ref. 5, and are identical to those in our previous evaluation,
IUPAC, 1997¢ These data are based on the most complete
falloff curve at 300 K, using=.=0.40. The temperature de-
pendence is from a theoretical analysis, in good agreement
with the evaluation of Ref. 3.

High-pressure rate coefficients

Rate coefficient data

K./st Temp./K Reference Techniqgue/Comments
Absolute Rate Coefficients

7.7X 10" (T/300 1! exp(—64601) 300-600 Borrell, Cobos, and Luther, 1988 PLP (a)

2.8x101% T (1302 exd — (6790 700)/T] 255-273 Markwalder, Gozel, and van den Bergh, £992 (b)
Reviews and Evaluations

4.4x10° 298 IUPAC, 1997 (©

1.15x 10 exp(—64601) 250-300

Comments
(@ See commenta) for k.
(b) See commentb) for k.
(c) See Comments on Preferred Values.

Preferred Values

k,=4.4x10° s* at 298 K.
k., =1.15x 10'® exp(—6460M) s over the temperature
range 250-300 K.

Reliability
Alogk,==*0.4 at 298 K.
A(E/R)= =500 K.

Comments on Preferred Values

IUPAC, 1997 The recommended temperature coefficient
corresponds to a temperature-independent vallke &br the
reverse recombination. Measurements from Refs. 9 and 10 in
the intermediate falloff range at 298 K are consistent with the
preferred values dk,, k, andF.=0.4 at 300 K.

References

1p. Borrell, C. J. Cobos, and K. Luther, J. Phys. Che@).4377(1988.

2B. Markwalder, P. Gozel, and H. van den Bergh, J. Chem. Pi<$5472
(1992.

3D. L. Baulch, D. D. Drysdale, and D. G. HornEyaluated Kinetic Data
for High Temperature Reaction¥ol. 2: Homogeneous Gas Phase Reac-
tions of the H—N,—0O, SystemgButterworths, London, 1973

4IUPAC, Supplement V, 1997see references in Introduction

5J. Chao, R. C. Wilhoit, and B. J. Zwolinski, Thermochem. At€a 359
(1974.

6A. J. Vosper, J. Chem. SoAl, 625(1970.

_ . 7 ! -
The preferred rate coefficient at room temperature is the, - Saington and N. Davidson, J. Phys. Chéi, 418 (1953.

average of the values of Borre#it all and Markwalder

E. Zimet, J. Chem. Phy&3, 315(1970.
9M. Fiedler and P. Hess, J. Chem. Ph98, 8693(1990.

et al,? and is identical to that in our previous evaluation, °M. Van Roozendael and M. Herman, Chem. Phys. L6, 233(1990.
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N02+NO3+M—>N205+M

AH°=-95.6 kJmol™*

Low-pressure rate coefficients

Rate coefficient data

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

9.6X 10733 exp(1550M) [N,] 262-295 Connell and Johnston, 1979 (@

1.7X 1070 [N,] 298

1.35x 1032 exp(12701) [N,] 285-384 Viggiancet al, 1987 (b)

9.6x 10731 [N,] 298

(4.5+1.1)x 1030 (T/300) ~G4=13) [N,] 236-358 Kircher, Margitan, and Sander, 1984 FP-A (c)

2.12< 1070 [N,] 298 Smith, Ravishankara, and Wine, 1985 DF-A (d)

2.8x 10 %0 (1/300 3 [N,] 236-358 Orlandet al, 199P DF-LIF (e)
Reviews and Evaluations

2.2x 10730 (T/300)~3* [air] 200-300 NASA, 1997 )

2.7x107% (T/300 34 [N,] 200-400 IUPAC, 1997 (%))

Comments (e) Detection of NQ. Experiments were conducted over

@

(b)

(©

the pressure range 0.7-10.7 mk@r5-8 Tory and
the data evaluated usindg.={2.5 exg—1950M)
+0.9 exg—T/430)} (F.(298 K)=0.45).
(f) Based on data from Refs. 3, 4, 9, and 10, &pd0.6.
i (g) Based on rate coefficients from Ref. 11 and those dis-
cussed in Ref. 12, witk.=0.34 at 298 K.

From study of NOs decomposition. Static reaction
vessel with multi-reflection White-cell optical arrange-
ment for the time-resolved detection of,® by IR
absorption at 8.028:m. Converted to recombination
rate coefficients with the equilibrium constan
K.=8.4x 10°% exp(—11180M) molecule cm? from
Ref. 8.

From study of NOg decomposition. Flow system reac-

tors of various size. pDs; was detected by ion— Preferred Values

molecule reactions in a flowing afterglow system. Mea-

surements were carried out &N,]=2.5x10'-2.7 ko=2.8x10"% (T/300 *°[N,] cm® molecule * s™* over

X 10'° molecule cm?®. Converted to recombination the temperature range 200—400 K.

rate coefficients with the equilibrium constag{=8.4

X 107% exp(—11180T) molecule cm® from Ref. 8. Reliability

Visible absorption of N@ monitored under pseudo-  Alogky,==0.10 at 298 K.

first-order conditions. Falloff curve measured over the An==*0.5.

pressure range 27—930 mb&0-700 Tory and ex-

trapolated using reduced falloff curve representationComments on Preferred Values

with F.=0.34 at 298 K. The preferred values are based on the data of Orlando
Visible absorption of N@ monitored. Pressure range et al® and the falloff extrapolation using.(298=0.45. Dif-
1.3-10.7 mbar(1-8 Torp in He, and 0.7-8 mbar ferent choices of. lead to different values of the extrapo-
(0.5-6 Tory in N,. Reduced falloff curves extrapo- lated k; and k., , although the various representations all
lated withF.=0.47 for N, at 298 K. agree well with the experimental data.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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High-pressure rate coefficients

Rate coefficient data

k./cn® molecule * s7* Temp./K Reference Technigue/Comments
Absolute Rate Coefficients
2.1x10 0 exp(—1360M) 262-295 Connell and Johnston, 1479 (@
2.2x10 2 298
1.5x 107 exp(—1610M) 285-384 Viggianeet al, 1987 (b)
6.8x10 = 298
(2.2+0.5x107%? 293 Croce de Cobos, Hippler, and Troe, 1984 (©
(1.65+0.15x 10 12 (T/300) ~ (0405 236-358 Kircher, Margitan, and Sander, 1984 FP-A (d)
1.85x 10712 298 Smith, Ravishankara, and Wine, 1985 DF-A (e)
1.7x 10712 (T/300©2 236-358 Orlandet al, 199P DF-LIF (f)
Reviews and Evaluations
1.5x 10712 (T/300 %7 200-300 NASA, 1997 (9
2.0x 10 12 (T/300°2 200-500 IUPAC, 1997 (h)
Comments

Comments on Preferred Values
(@ See commenta) for k. The preferred values are based on the average of the ex-
(b) See commentb) for k. Data obtained from extrapo- trapolateck.. data of the studies used in IUPAC, 1992nd
lation of data in a relatively narrow pressure range neatne data of Orlandet al,’ using a theoretical estimate of the

to the center of the falloff curve. temperature coefficient from Ref. 11.
(c) Laser flash photolysis of JD in the presence of NO

NO; radicals were monitored by visible absorption un-

der pseudo-first order conditions. The falloff curve was References
measured over the pressure range 1-200 bar,in N
e P. Connell and H. S. Johnston, Geophys. Res. 6et653 (1979.

and extrapolated witl;=0.34. 2A. A. Viggiano, J. A. Davidson, F. C. Fehsenfeld, and E. E. Ferguson, J.
(d) See commentc) for ko. Chem. Phys74, 6113(1981).
(e See commentd) for k. 3C. C. Kircher, J. J. Margitan, and S. P. Sander, J. Phys. CB8m370
(f) See commente) for ky. (1984.
(g) See commentf) for ko 4C. A. Smith, A. R. Ravishankara, and P. H. Wine, J. Phys. CH&dn.

) 1423(1985.

(h) See Comments on Preferred Values. 5J. J. Orlando, G. S. Tyndall, C. A. Cantrell, and J. G. Calvert, J. Chem.

Soc. Faraday Tran87, 2345(199)).
6NASA Evaluation No. 12, 1997see references in Introductipn
"IUPAC, Supplement V, 1997see references in Introduction

8
_ —12 0.2 1 —1 R. A. Graham and H. S. Johnston, J. Phys. Ch@2n254 (1978.
k. =2.0x107* (T/300*2 cm® molecule s™* over the  o3"5 5o G . Tyndall, and G. K. Moortgat, J. Phys. Cl&amd84s

temperature range 200-500 K. (1985.
107, J. wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., Int. J.

Preferred Values

Reliability Chem. Kinet.19, 243(1987.
1A, E. Croce de Cobos, H. Hippler, and J. Troe, J. Phys. Cl88n5083
Alogk,==*0.2 at 298 K. (1984).
An==*0.6. 2|JUPAC, Supplement IV, 1992see references in Introductipn
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N205+M—>N02+N03+M

AH°=95.6 kdmol™?*

Low-pressure rate coefficients

Rate coefficient data

ko/s™t Temp./K Reference Technigue/Comments
Absolute Rate Coefficients

1.04x 102 (T/300) 3 exp(—110007) [N,] 253-384 Cantrelet al, 1993 @
Reviews and Evaluations

8.2x107* (T/300 3 exp(—110007) [air] 200-300 NASA, 1997 (b)

9.5x 10 20 [N,] 298 IUPAC, 1997 (©

1.0x 1073 (T/300 % exp(—110007) [N,] 200-400

Comments ko=1.0x10"2 (T/300 35 exp(—11000T) [N,] s * over

(@ Thermal decomposition of JOs in the presence of NO the temperature range 200-400 K.

in N,. FTIR analysis of NOg in a stainless steel cell

equipped with multiple path optics. Falloff curves over Reliability

the gas density 4:810-1.1x10?° molecule cm? Alogky==+0.2 at 298 K.

were analyzed using F.=[2.5 exg—1950M) An==*0.5.

+0.9 exg—T/430)] [F.(298 K)=0.45]. In the analysis,

data from Refs. 4 and 5 were also taken into accountComments on Preferred Values
(b) Rate coefficients were evaluated from the recom- The preferred values are based on the study of Cantrell

mended rate coefficients for the reverse reaction angt a2 and are identical to those in our previous evaluation,

the equilibrium constant. IUPAC, 19972 The recombination and dissociation rate co-
(c) See Comments on Preferred Values. efficients are internally consistent. At room temperature, the
equilibrium constanK,=2.3x 10" cm® molecule * com-
Preferred Values pares well with other recently reported valiés.

ko = 9.5X10 %°[N,] s * at 298 K.

High-pressure rate coefficients

Rate coefficient data

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

6.22x 10" (T/300) %2 exp(—110001) 253-384 Cantrelet al, 1993 (@
Reviews and Evaluations

5.5x 10* (T/300) 7 exp(—110001) 200-300 NASA, 1997 (b)

6.9 1072 298 IUPAC, 1997 (©

9.7x 10* (T/300°* exp(—11080M) 200-300

Comments Preferred Values

(@ See commenta) for k. k.=6.9x10"2s ! at 298 K.
(b) See commentb) for k. k., =9.7x 10" (T/300°* exp(—110801) s~ over the tem-
(c) See Comments on Preferred Values. perature range 200—300 K.
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Reliability References
Alogk,==*0.3 at 298 K.
An=+0.2. 1C. A. Cantrell, R. E. Shetter, J. G. Calvert, G. S. Tyndall, and J. J. Or-

lando, J. Phys. Chen®7, 9141(1993.
2NASA Evaluation No. 12, 1997see references in Introductipn

Comments on Preferred Values 3|UPAC, Supplement V, 1997see references in Introductipn

The preferred values are based on the evaluation of Malkdp. Connell and H. S. Johnston, Geophys. Res. e53 (1979.
and Troé® and are identical to those in our previous evalua- 5é-hA- Vigﬁiaf;% %-1/;-33%\%50”, F. C. Fehsenfeld, and E. E. Ferguson, J.
: ; em. Phys74, .
tion, IUPAC, 1997: The preferred values agree well with the s ;7o °3 "Notholt, and G. Restelli Int. J. Chem. Kir@4, 51 (1692,
recent determination of Cantredt al.” For the equilibrium 7y o pritchard, Int. J. Chem. Kine26, 61 (1994).

constant, see Comments on Preferred Valuekfor 8M. W. Malko and J. Troe, Int. J. Chem. Kinett4, 399 (1982.

N205 + Hzo — 2HON02

AH°=-39.6 kJmol™*

Rate coefficient data

kicm® molecule’t s72 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
<1.3x10°% 298 Tuazoret al, 1981 (@
<1.5x10°% 298 Atkinsonet al, 1986 (b)
<1.1x10% 298 Hjorthet al, 1987 (©
<2.8x107% 296 Hatakeyama and Leu, 1989 (d)
Reviews and Evaluations
<2x10°% 298 NASA, 1997 (e
<2x107% 298 IUPAC, 1999 )
Comments is possible that the removal of,N; observed in these stud-

ies proceeds entirely by heterogeneous processes and that the
lower value of Sverdrupt al.” (<3x10?? cm® molecule™®

s 1) may be closer to the value of the rate coefficient for the
homogeneous gas phase reaction. However, the measure-
0qgent of Sverdrupet al.” was less direct and we prefer the
more conservative recommendation given here. The pre-
ferred value is identical to that in our previous evaluation,
IUPAC, 1997°

(@ N,O5 decay rate was monitored by FTIR absorption
spectroscopy in two large volum@&800 and 5800 L
Teflon or Teflon-coated environmental chambers.

(b) Same technique as i@ but 2500 L Teflon chamber
used. Authors suggested that the observed removal
N,Ogs was due only to heterogeneous processes.

(c) N,Os decay monitored by FTIR absorption spectros-
copy using a 1500 L FEP-Teflon chamber.

(d) N,Os decay monitored in a 320 L Pyrex chamber by
FTIR absorption spectroscopy.

(e) Based on the studies of Tuazenal.,! Atkinsonet al.? References
and Hjorthet al?
(f) See Comments on Preferred Values. LE. C. Tuazon, R. Atkinson, C. N. Plum, A. M. Winer, and J. N. Pitts, Jr.,

Geophys. Res. Letfl0, 953(1983.
2R. Atkinson, E. C. Tuazon, H. Mac Leod, S. M. Aschmann, and A. M.

Preferred Values Winer, Geophys. Res. Letl3, 117 (1986.
o1 1.1 3J. Hjorth, G. Ottobrini, F. Cappellani, and G. Restelli, J. Phys. Ctgim.
k<2x10 %! cm® molecule ! s* at 298 K. 1565(1987.

4S. Hatakeyama and M.-T. Leu, J. Phys. Ch&®).5784(1989.
SNASA Evaluation No. 12, 1997see references in Introductipn

Comments on .Pr.e“.arred Values 1 8|UPAC, Supplement V, 1997see references in Introduction
This upper limit is based on the data of Tuazeral, 7G. M. Sverdrup, C. W. Spicer, and G. F. Ward, Int. J. Chem. Kif6f.

Atkinson et al,? Hjorth et al,® and Hatakeyama and Lé&ut 191(1987.
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EVALUATED KINETIC AND PHOTOCHEMICAL DATA

1413

HONO + hv — products

Primary photochemical transitions

Reaction AH°/kJ-mor? MthreshoidMm
HONO + hvy — HO+NO 0] 209 572
— H+ NO, ) 331 361
— HNO + OCP) (3) 428 280
Absorption cross-section data
Wavelength range/nm Reference Comments
185-270 Kenner, Rohrer, and Stuhl, 1986 (a
310-393 Vasudev, 1980 (b)
300-400 Bongartet al, 19912 1994 (©)
Quantum yield data
Measurement Wavelength/nm Reference Comments
G (OH*) 193 Kenner, Rohrer, and Stuhl, 1986 (d)
d(H) 355 Burkholderet al, 1992 (e
Comments (d) Laser photolysis of nitrous acid at 193 nm. HO* mea-
. . . sured by emission spectroscopy. A low quantum yield
a) Relative absorption spectrum measured in the range .
@ P P 9 of about 10° was determined.

(b)

(©

185-270 nm with absolute determinations at 193 and(e)
215 nm; 0=1.6x10"*8 cn? molecule* at 193 nm.
Two different methods used to prepare HONO gave
similar results. Ther values agreed with the results of
Cox and Derweritin the wavelength region 220—270,
but the peak at 215 nm seen in the earlier stiiich
could have been due to NO absorption, was not ob-
served.

Relative absorption cross-sections determined by tun-
able laser photolysis with LIF detection of the HO
product. Absolute values were based or=4.97

Relative yield of H atoms inferred from secondary HO
radical production observed in the laser photolysis of
HONO at 355 nm. HO radicals were produced via the
reaction H+ NO, — HO + NO, involving impurity of
NO,. The data obtained were consistent with=0.1

at 355 nm.

Preferred Values

Absorption cross-sections at 298 K

x1071° cn? molecule! at 354 nm as reported by

Stockwell and Calvert Measurements actually provide A/nm

the product of the HONO cross-section and the quan-,qq
tum vyield, ¢ .
Absolute absorption cross-sections determined using?00
conventional absorption spectroscopy, and with low,
nonequilibrium concentrations of HONO determined 545
by a combination of gas-phase and wet chemical analy-220
sis. Spectral resolution was 0.1 nm; cross-sections av225
eraged over 0.5 nm given in a table. In their later
work,* improved conditions were used, specifically 240
higher HONO mole fractions, greater stability of 245
HONO in the absorption chamber, and determination 250
of NO, by interference-free optical absorption at 440 255

10° olcm?  A/nm 16° olcm?  A/nm 13° a/en?

127 260 8.0 330 9.3

195 172 265 5.2 335 6.5
197 270 3.4 340 16.8

205 220 275 2.5 345 9.6
214 280 - 350 11.5

179 285 - 355 23.6

146 290 - 360 8.0

120 295 - 365 16.1

230 86 300 0.0 370 20.5
60 305 0.7 375 4.9

42 310 1.6 380 9.2

30 315 25 385 145

18.5 320 4.4 390 2.4

12.4 325 5.0 395 0.6

nm.
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Quantum Yields values of Vasudevat A<350 nm obtained from the HO
radical yield are consistently smaller than those measured in
absorption by Bongartet al>* The difference increases ap-
proximately linearly to approximately 60% at 310 nm. This
difference could be attributed to a decreasepitiO) from
unity at 366 nm to 0.4 at 310 nm. The balance could be

$1+ P+ p3=1.0 throughout this wavelength range.
$1=1.0 at\>366 nm, decreasing to 0.4 a=310 nm.
$»,=0.0 at\>366 nm, increasing to 0.6 at=310 nm.

Comments on Preferred Values o attributed to H atom productionp,, with ¢,+ ¢,=1.0 in
The preferred values for the cross-sections in the 300—-39%¢ first absorption band.
H 34 . .
nm range are obtained from the data of Bongattal>" In In the second absorption band, cross-sections over the

their later work’ cross-sections were measured under bettefange 185-275 nm are based on the data of Keehat,®

controlled conditions than in their earlier stddynd it Was  which also show that reactiofl) is the main photodissocia-
on average, 14.5%. The preferred values have been obtaingflgication of H atom production in the first absorption band

therefore, by averaging the data from Ref. 3 over 5 nm in contribution from reaction2) at shorter wavelengths
tervals centered on the wavelengths specified in the table angems Jikely.

reducing these values by 14.5% as directed in Ref. 4.
The laser photolysis experiments of Burkhold¢ral® in References
the first absorption band at 355 nm show strong indirect
evidence for the production of H atoms in HONO photolysis 1R. D. Kenner, F. Rohrer, and F. Stuhl, J. Phys. Cheén2635(1986.

at wavelengths below the threshold for react{@) as origi- zR. Vasudev, Geophys. Res. Letf7, 2153(1990.
nally proposed by Cof.Further evidence for an increasing fd%o(ri%gjt;' J. Kames, F. Welter, and U. Schurath, J. Phys. CB&m.

contrllbutlon from_ reactiori2) with decreasing Wave.length IN" %A Bongartz, J. Kames, U. Schurath, Ch. George, Ph. Mirabel, and J. L.

the first absorption band comes from a comparison of the ponche, J. Atmos. Cheri8, 149 (1994.

relative absorption spectra determined by conventional lightJ- B-h Burkholder, A. Me(lloukzi, R. Talukdar, and A. R. Ravishankara, Int.
; . Chem. Kinet24, 711(1992.

absorption mgthods and by laser photofragment spectrosco _A. Coxand R. G. Derwent, J. Photochen 23 (1976/77.

of the HO radical product from channé). When the spec- 7y R stockwell and J. G. Calvert, J. Photochén193 (1978.

tra are normalized to peaks ®t>370 nm, the cross-section 8R. A. Cox, J. Photochen8, 175 (1974.

HONO, + hv — products

Primary photochemical transitions

Reaction AH®/kJ-mol~t MthresholdM
HONO, + hvr — HO + NO, D 200 598
— HONO+O(P) (2 208 401
— H+NO, 3 418 286
— HONO+O('D) (4 488 245
— HO+ NO + O(P) (5 499 239

Absorption cross-section data

Wavelength range/nm References Comments

195-350 Burkholdeet al, 1993 (@

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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Quantum yield data

Measurement Wavelength/nm Reference Comments

$,=1.0 200-315 Johnston, Chang, and Whitten, 974 (b)

¢$,=0.89+0.08 222 Jollyet al, 1986 (0

¢ [HO], ¢ [OCP)], 248, 222, 193 Turnipseest al, 1992 (d)

¢ [O('D)], ¢ [H(*S)]

¢(1), p(4), #(5) 193 Felder, Yang, and Huber, 1993 (e)
Comments 17 (OH"), 30 (NO™), and 46(NO;). Relative yields

for reactions(1) and(4) of 0.6+0.1 and 0.40.1, re-
spectively, were obtained. Hot NOphotofragments
were produced in reactiofl) in the ratio 2:1, relative
to stable N@, leading to production of GP) atoms
via reaction channgp).

(@ The temperature dependence of HN@bsorption
cross-sections were measured using a diode array spec-
trometer with a resolution 0k0.4 nm between 240
and 360 K. Absorption cross-sections were determined
using both absolute pressure measurements at 298 K
and a dual cell arrangement to measure absorption at
various temperatures relative to 298 K. A review of all Preferred Values
previous experimental values was given together with
an assessment of temperature-dependence effects on
the stratospheric photolysis rates of HNO

(b) Photolysis of HNQ in the presence of excess CO andx/nm  10® g/fcn?  1°BK™* Anm 1 g/en?  10°B/K™?
excess Qto prevent complications due to secondary

Absorption cross-sections at 298 K @

_ k 190 1360 0 270 1.62 1.45
reactions. Results were interpreted by a complex reac-gs 1016 0 275 1.38 1.60

tion scheme. 200 588 1.66 280 1.12 1.78

(c) Pulsed laser photolysis with a KrCl excimer laser. HO 205 280 1.75 285 0.858 1.99
radicals detected by time-resolved resonance absorpgig 1225 ;i; ggg 8'?&? géz

tion at 308.3 nm. The error estimate quoted does notyyg 14.9 215 300 0263 310
include the uncertainty of-17%, —8% resulting from 225 8.81 1.90 305 0.150 3.64

an analysis of potential systematic errors. 230 5.75 1.80 310 0.081 4.23

(d) Quantum yields for HO radicals, [OP) + (‘D)] at- 23 3.75 1.93 315 0.041 5.20
oms, O¢D) atoms, and H atoms were measured in 240 258 L7 320 0.020 045

' » 245 2.11 1.68 325 0.0095 7.35

pulsed laser photolysis systems at 248, 222, and 1935 1.97 1.34 330 0.0043 9.75

nm, using LIF detection for HX 2I1) radicals and 255 1.95 1.16 335 0.0022 10.1
atomic resonance fluorescence forB)(and HES) at- 260 191 1.14 340 0.0010 11.8

: ; 265 1.80 1.20 345 0.0006 11.2

oms. ¢ [HO] was measured relative to the yield of HO 350 0.0004 9.30

radicals from HO, photolysis ¢ [HO]=2.00+0.05 at
248 nn¥ and ¢[HO]=1.51t 0.18 at 193 mﬁ_ aTemperature ‘depe_ndence given by the expression; adedog, o(299
S[O{(P) + ('D)}] was measured relative to the O ‘B0 298 with TinK.

atom vyield from ozone photolysis at 248 nnp£1)

and 193 nm $=1.20+0.15.58 ¢ [H(’S)] was mea- Quantum yields

sured relative to the H atom yield from the photolysis

of O3—H, mixtures where the H atoms are produced in A/nm

the OfD) + H, reaction. Measurements gave: Py 222 103
#$[HO]=0.95+0.09 at 248 nm, 0.960.11 at 222 nm,

and 0.33+0.06 at 193 nm.¢ [O{(®P) + (*D)}] was 2D+ >0.97 0.96-0.10 0.60-0.20
observed to be 0.0310.010, 0.26-0.03, 0.8%-0.13at % 0.08°0.03 ool 001
248, 222, and 193 nm, respectively, with exclusively ;) ' 0.10+0.10 0.39-0.20
O(CP) production at 248 nm¢ [O(*D)] was 0.074  4(5) 0.13+0.03 0.40-0.20

+0.03 at 222 nm and 0.280.13 at 193 nm. H atom
yields were very low; only at 193 nm were any H at-
oms detected withp[H(?S)]<0.012. Comments on Preferred Values

(e Photofragment translation spectroscopy investigation The results of Burkholdeet all for the cross-section pro-
of HONO, photolysis at 193 nm. The primary pro- vide a high quality and comprehensive data set over the
cesses and their relative yields were deduced from phorange of temperatures and wavelengths of significance for
tofragment time-of-flight signals at masses ("), the atmospheric photolysis of HNO Over the wavelength
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range 205-310 nm there is good agreement with the earliefan occur at\<239 nm, either through excited NOor
studies of Rattigaret al,’ Biaumel® Molina and Molina™®  HoNO*. Felder et al® show that #(5)=0.4 at 193 nm.

and Johnston and GrahahAt \ <205 nm, the data from  Gyoynd state HONO is the likely co-product of D atoms
different studies show small but unexplained discrepancies;ng hence the data of Turnipseetal* imply ¢(4)=0.28 at
At \>310 nm, the room temperature restitge increas- 193 nm and 0.074 at 222 nm, which is consistent within the
ingly higher than all previously reported data except those Opyperimental uncertainty with the results of Feleesl® In
Rattiganet al.” which are in good agreement, The preferredine apsence of direct measurements of HONO at longer
values are those given by Burkh_olcmral. and are identical wavelengths,$(2) cannot be determined; this channel is
to those in our previous evaluation, IUPAC, 1997. probably responsible for the small amount of O-atom pro-
Thf’. temperature dependence reported by Burkhold€gyction ath =239 nm, as measured, for example, by Mar-
et aI.9 is Weaker_ than that reported previously by Rattlgangitan and Watsdf§ with ¢[O(3P)]=0.03 at 266 nm. The data
etal” However, if the data at the lowest temperatt#89 K)  of Tymipseedet al* show that H-atom production, and
from Ref. 9 are omitted the agreement is good, anqﬂlence(ﬁ(g), is significant only at 193 nm witky(3)=0.011

Burkholder et al give values for%the temperature coeffi- .+ 008, The values of the quantum yields are identical to
cient, B, based on the two data set@xcluding the 239 K ir0se in our previous evaluation, IUPAC, 1997.
data from Ref. § and these are adopted here.
The new data for the quantum yield confirm that, although

reaction(1) is the dominant channel at=260 nm with¢(1) References
close to unity, other channels become important at shorter
wavelengths as suggested by the earlier work of KennefJ. B. Burkholder, R. K. Talukdar, A. R. Ravishankara, and S. Solomon, J.
et all® The results of Turnipsee@t al* and Schiffman Zﬁegp?yi- Re§38,82(2393c7r$1993- 4 6. Whitten. 3. Phys. CiBr. (1974

15 H _~H.S.Jo nston, S.-G. ang, an . itten, J. yS. . .
Ff‘t al:> are in excellent agregment at 4248 nm Whe!’l the rela 3G. S. Jolly, D. L. Singleton, D. J. McKenney, and G. Paraskevopoulos, J.
tive measurements of Turnipseetlal” are normalized t0  chem. Phys84, 6662(1986.
the same value of the quantum yield for HO radical produc-“A. A. Tumipseed, G. L. Vaghiiani, J. E. Thompson, and A. R. Ravishan-
tion from H,O,. The agreement is less good at 193 nm, 5';3? |ij Ch;?m\} Phy%yd5§8;(1392- Chem. Phys. 1226 221(1993

. . 15 : . Felaer, X. Yang, an . R. Auper, em. yS. .

where the direct measurements of Schiffrearal-™ give an s | “yaghjiani and A. R. Ravishankara, J. Chem. PIS%.996 (1990,
HO radical yield higher by about 50%. The value of 7G. L. vaghjiani, A. A. Turnipseed, R. F. Warren, and A. R. Ravishankara,
#(H,0,) obtained by Schiffmaret all® is about 25% lower ,J: Chem. Physo6, 5878(1992. _
at both 248 and 193 nm than the values obtained by é- g-a I;Ln;zi:fg'f'cLﬁe\ﬁgg@g' ;éﬁ'(elrgg%k’ J. E. Thompson, and A.

. . 7.8 . . , Jo . .
Vaghijianiet al. (2'_0 at 248 nm and 1.5 ff’lt 193 piwhich °0. Rattigan, E. Lutman, R. L. Jones, R. A. Cox, K. Clemitshaw, and J.
are recommended in the present evaluation. Williams, J. Photochem. Photobiol. 86, 313(1992; Corrigendumibid.

The preferred values of the quantum yield$l)+ ¢(5) 052 125(1992.
; ol ; F. Biaume, J. Photocherg, 139 (1973.

[HO prOdUCtlzoﬂ are be.lsed on the. indirect StUdlges of 111 . T. Molina and M. J. Molina, J. Photocherh5, 97 (1981).
Johnstoret al. _and the dlzect observations 5of Jobyal”at 124 jonnston and R. Graham, J. Phys. Che.62 (1973.
222 nm, Turnipseeckt al.” and Felderet al” The data of ®|UPAC, Supplement V, 1997see references in Introduction
Schiffmanet al® are not used in view of the inconsistency “R- D-(Kenger, F. Rohrer, Th. Papenbrock, and F. Stuhl, J. Phys. Gitem.

; ; o 1294(1986.
of their abSOIUteﬁ(HO,) values for HO, dIS_SOCIatlon' At 193 15A. Schiffman, D. D. Nelson, Jr., and D. J. Nesbitt, J. Chem. PBgs.
nm, O-atom production becomes a major channel but HO gg35(1993.

and O production is not mutually exclusive since react®n  1J. J. Margitan and R. T. Watson, J. Phys. Ch&.3819(1982.

HO,NO, + hv — products

Primary photochemical transitions

Reaction AH®/kJ-mol ™! Mitreshoidm
HO,NO, + hv — HO, + NO, (1) 105 1141
~ HO+NO; (2 170 704
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Absorption cross-section data

Wavelength range/nm Reference Comments
190-330 Molina and Molina, 1981 @
210-330 Singeet al, 1989 (b)

Quantum yield data

Measurement Wavelength/nm Reference Comments
&b 248 Mac Leod, Smith, and Golden, 1988 (0
Comments Preferred Values
(@ Measured at 298 K and 1 atm total pressure.,NO, Absorption cross-sections at 296 K
was prepared in flowing Nstream in the presence of = pE——
H,0, H,0,, HNOs, and HG. The composition of the MM 107 ale Anm 107 ole
mixture was established by FTIR spectroscopy, by the 190 1010 260 28.4
absorption spectrum in the visible and by chemical ti- 816 265 22.9
P P y 200 563 270 18.0
tration after absorption in aqueous solutions. Two 205 367 275 13.3
methods were used to prepare HND,. The first 210 ig;’ 22(5) 2'2
mixed 70% nitric acid with 90% kD,, while in the 220 118 200 3:9
second method solid nitroniumtetrafluoroborate 225 93.2 295 24
(NO,BF,) was added to a solution of 90%,8 230 ’8.8 300 L4
2P 252 235 68.0 305 0.85
(b) Cross-sections were measured at 298, 273, and 253 K240 57.9 310 0.53
Pernitric acid was produceih situ by photolysis of ~ 24° 351"1 g;g 8'23
Cl,—H,—NO,—air mixtures with averaged absorption 5s5 34.9 325 015
measurements at small extents of reaction. Relative 330 0.09
spectrum over the range 210-230 nm determined in
flowing mixtures of pernitric acid vapor obtained from Quantum Yields

(©

t[he re.act|0n of BENO, and HO,, after.correctlon for $,=0.61 at 248 nm.

impurity of NO,, H,0,, and HNG,, which was deter- $,=0.39 at 248 nm.

mined by IR spectroscopy. Resolutiefh nm.

Laser photolysis of pernitric acid at 248 nm. HO radi- Comments on Preferred Values

cals were measured by LIF and the yield determined The preferred absorption cross-section values are based on

relative to the yield from KO,, assuming the rota- the data of Molina and Moliraand Singeet al,” which are

tional distribution of HO from photolysis of HEO, in excellent agreement at wavelengths in the range 210-
d HO h der th diti £ th 300nm. Between 300 and 320 nm the cross-sections of

an l_b 2 Was Iheé same under the conditions .0 eSingeret al? are approximately a factor of 2 lower. A simple

experiment. A value of$,=0.34+0.16 was obtained mean of the two data sets is taken over the whole range.

after correction for impurity in the pernitric acid  For the quantum yield we recommend values based on the

sample. Fluorescence from §Qvas also observed af- measurements of Mac Leaet al® at 248 nm with a small

ter photolysis which was assigned to production viaupward revision of¢, to take into account the present rec-

ommendation for the absorption cross-section fg®j The

uncertainties on the quantum yields are large and it should be

‘noted that they are based on data at a single wavelength. The

tions ¢,~0.65 and¢,~0.35. preferred values are identical to those in our previous evalu-
ation, IUPAC, 1997

channel(1). The upper limit for N§ production was
30%. It was concluded that under atmospheric condi
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L. T. Molina and M. J. Molina, J. Photocheri5, 97 (1981).
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NO, + hv — products

Primary photochemical transitions

Reaction AH°/kJ-mol™t N threshoidm
NO, + hr - NO+ O(CP) (1) 300 398

— NO+0('D) (2 490 244

Absorption cross-section data
Wavelength range/nm Reference Comments
200-700 Schneidest al, 1987 @
264-649 Davidsort al, 198& (b)
310-570 Harwood and Jones, 1894 (0
300-500 Meienne, Jenouvrier, and Coquart, 1995 (d)
400-500 Coquart, Jenouvrier, and fiémne, 1998 (e
Quantum yield data
Measurement Wavelength/nm Reference Comments
b, 295-445 Jones and Bayes, 1973 )
b 375-420 Harker, Ho, and Ratto, 1977 (9)
o 390-420 Davenport, 1978 (h)
b 334-404 Gardner, Sperry, and Calvert, 1987 (i)
b1 388-411 Roehét al, 1994° ()
Comments % 10'® molecule cm? using a diode array spectrom-

(@ Measured at 298 K with spectral resolution of 0.04 nm. eter. Absorption due to }O, was corrected for using

(©

Averaged values over 1 nm intervals are tabulated.
Also averaged values over 5 nm intervals are tabulated
and compared with corresponding values derived from
previous studies. Generally good agreement with re-
sults of Basset all! except for higher values near the
absorption minimum at 260 nm and at wavelengths leséd)
than 220 nm.

Cross-sections measured over a wide range of tempera-
ture (233—-397 K and with low NG concentrations
(3.4—73%x 10" molecule cm?, so that absorption due

to N,O, was minimized. Low resolutiofiL.5 nn) spec-

tra were recorded using a diode array, and high resolu-
tion spectra(0.3-2.5 cm?) by FTIR.

Cross-sections measured over the temperature range of
213-298 K and with N@concentrations of1.5-20.0

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997

data for the cross-sections for,®, andK, for dimer-
ization of NO, determined simultaneously in the same
experiments. The spectral resolution was 0.54 nm
FWHM. Averaged cross-sections over 5 nm intervals
were given as well as high-resolution data.
Cross-sections measured at 2983 K with NG, con-
centrations of(3—9)x 10** molecule cm?. Conven-
tional spectrometer used with multipass cell giving a
total path length of 60.7 m. Spectral bandwidtl®.01

nm atA >400 nm and<0.15 nm aiA <400 nm. Cross-
sections measured at 0.01 nm intervals with a wave-
length accuracy of 0.01 nm. Corrections made for the
presence of BD,. Averaged cross-sections over 5 nm
intervals given for the range 305—-425 nm. Complete
data-set available on request.
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Same technique as ifd). Data were obtained at 220 Preferred Values
and 240 K. Data given at 1 nm intervals over the range
400-500 nm. Features in spectrum sharpen with de- Absorption cross-sections 2
crease in temperature but no change found in cross
sections A/nm 16° ofcn? Nnm 16° ofcn? Anm 16° oflcn?
Relative quantum yields for NO production measured 190 315 21.61 440 46.91
and normalized to literature values at 313 and 366 nm.195 320 24.68 445 47.71
Quantum yield for N@ photodissociation by pulsed 299 325 27.94 450 48.58
dye laser measured at 1 nm intervals. Values given> 43.06 330 31.04 455 41.62
y - Ve given, 1o 47.20 335 34.41 460 42.41
here are taken from tabulated results provided by the,qs 49.54 340 38.43 465 40.26
authors. 220 45.61 345 40.31 470 32.97
Quantum yield for NO production measured relative to 225 37.88 350 43.92 475 37.64
NO production from NOCI photolysis at six wave- 230 27.39 355 47.54 480 32.70
lenaths forT=300 and 223 K 235 16.69 360 48.64 485 24.69
9 : : 240 9.31 365 52.32 490 29.85
Primary quantum yieldp, derived from measurement 545 474 370 53.49 495 28.20
of (1) quantum yield of NQ reactant losgoptical ab- 250 2.48 375 56.02 500 17.22
sorption; (2) quantum yield of NO product formation 255 1.95 380 56.75 505 22.48
(mass spectrometyy and (3) quantum yield of @ 260 2.24 385 58.05 510 2161
: L . 265 2.73 390 60.56 515 14.95
product formationimass spectrometryLight intensity 270 411 395 58.36 520 15.00
measured by NOCI actinometry:, found to be near 575 4.90 400 61.94 525 16.58
unity for wavelengths less than 395 nm. At 404 nm 280 5.92 405 57.21 530 14.18
measurements were also made from 273 K to 370 K.285 7.39 410 60.38 535 9.88
Results found to be in qualitative agreement with the 290 9.00 415 57.25 540 10.10
. . 10.91 420 58.16 545 11.83
simple theory that fok >398 nm the energy deficiency 13.07 425 55 26 550 1017
for photodissociation is made up from internal rota- 3g5 15.89 430 52.43 555 734
tional and vibrational energy of the N@olecules. On 310 18.71 435 53.60 560 5.62
the basis of later experiments in the same laboratory by 565 7.87

Calvertet al,*?i

404.7 nm was measured from 273 to 370 K, the authorsntervals, are independent of temperature.

concluded that vibrationally excited N@olecules ab-
sorb more strongly than unexcited molecules. They
were thereby able to derive a reasonable fit to the varia-
tion of primary quantum vyield with temperature for

Quantum Yields

in which the absorption cross section at azpsorption cross-sections in the range 190-565 nm, averaged over 5 nm

photodecomposition in the energy-deficient region at\/nm ¢ A/nm é Anm ¢
404.7 nm. _ _ <310 1.00 370 0.98 406 0.29
Quantum yield for NO production from N{Ophotodis- 315 0.99 375 0.98 408 0.18
sociation by a dye laser was measured at 248 K and 320 0.99 380 0.97 410 0.13
298 K relative to NO production from NOCI photodis- 325 0.99 385 0.97 412 0.09
sociation. Quantum yields were measured at very high 330 0.99 390 0-9 414 0.07
on. y : Y NIgN 335 0.99 392 0.96 416 0.05
resolution(0.001 nm. These are the first measuremgnts 340 0.99 304 0.95 418 0.03
of ¢, at low temperatures throughout the falloff region. 345 0.99 396 0.92 420 0.02
350 0.99 398 0.82 422 0.01
355 0.99 400 0.82 424 0.00
360 0.98 402 0.69
365 0.98 404 0.42

Comments on Preferred Values
Since our previous evaluation, IUPAC, 19%there have
been new high resolutiof0.01 nm measurements of the

NO, absorption cross-sections over the range 300—500 nm at

293 K by Maienneet al* and at 220 K and 240 K by Co-
quartet al® There is also work by Froset all*
relative cross-sections have been measured.

in which

The 5 nm averaged values of the cross-sections obtained

by Mérienne et al* are slightly higher than the preferred
values given in IUPAC, 199% which were based on the
studies of Davidsoret al?> and Harwood and JonésThe

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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present preferred values over the range 320—-420 nm wetbe entire wavelength region of 290-390 nm, and that the

obtained by averaging the results of Davidsetral,’> Har-  low values reported by Harkest al.” for the 375-396 nm

wood and Jone$and Meienneet al? region must be in error. Possible reasons for these low values
For the remainder of the wavelength range covered, the &re discussed by Gardnet al® Roehlet al° report values

nm averaged cross-sections over the range 425-495 nm aoé ¢, for 388—411 nm at 298 K and at 248 K. Their room

based on the work of Harwood and Johaad of Megienne  temperature data for 388—397 nm are slightly lower than the

et al,* while those for the range 495-565 nm are taken frontecommended values and their observed falloff above 398

Harwood and JonesThe values for the range 185—-320 nm nm occurs at longer wavelengths than recommended here.

are taken from Table 4 of Schneideral’ The quantum yields at 248 K were observed to be lower than
Harwood and Jonédound no significant temperature de- those at room temperatuftby 10% at 400 nm, increasing to

pendence of the 0.5 nm averaged cross-sections in the wave9% at 411 nm

length region 320-535 nm over the temperature range 213—

298 K. The study at higher resolution by Coquertal.® at

t_em_peratures of 220 K, 240 K, and 293_ K, Conflrms this 1W. Schneider, G. K. Moortgat, G. S. Tyndall, and J. P. Burrows, J. Pho-

finding. These results support the suggestion by Davi@$on tochem. Photobiol. A0, 195 (1987.

al.2 that the discrepancies observed by Besal,!! Daven-  2J. A. Davidson, C. A. Cantrell, A. H. McDaniel, R. A. Shetter, S. Mad-

portet al,? and Hickset al® can be accounted for by incor- ,fonich. and J. G. Calvert, J. Geophys. R&$, 7105(1988.
M. H. Harwood and R. L. Jones, J. Geophys. R#%.22955(1994).

rept lcéompensatlon for_ the effects 9f2®l1_' RO_SCO(? . and 4M. F. Mérienne, A. Jenouvrier, and B. Coquart, J. Atmos. Ch2é 281
Hind™® have reached similar conclusions in their critical re- (1995.
view of the implications of the 2NO©= N,O, equilibrium 5B. Coquart, A. Jenouvrier, and M. F. Menne, J. Atmos. Chen21, 251
for earlier rminations of NQabsorption cross-sections. (1999-
Oh ea ef de(tje | ations o h bso ption cross-sections bel. T. N. Jones and K. D. Bayes, J. Chem. PyS.4836(1973.
The preferred values over the range 185-565 nm can b g arker, W. Ho, and J. J. Ratto, Chem. Phys. L6&. 394 (1977
taken to be temperature independent. 8J. E. Davenport, “Determination of NJphotolysis parameters for strato-

Both Harwood and Jongsand Coquartet al® find that spheric modeling,” Final Report FAA-EQ-78-14, FAA Washington, D.C.,
there is a sharpening of the spectral features as the tempergt978:

. e E. P. Gardner, P. D. Sperry, and J. G. Calvert, J. Geophys.9Re6642

ture is decreased. However, there are no shifts in wavelength(lgsn_
as reported by Schneidet al! and Davidsoret al,> which  1°C_ M. Roehl, J. J. Orlando, G. S. Tyndall, R. E. Shetter, G. &dvaz, C.
may have been due to small calibration errors. 11A. Cantrell, and J. G. Calvert, J. Phys. Ched8, 7837(1994.

The preferred quantum vyields are those recommended byééz"t' igsos'lﬁé'(zigfgford' Jr., and A. H. Laufer, J. Res. Natl. Bur. Stand.

9 . . )y .
Gardneret a|.9 They are based on a best fit to the data ofiz; Calvert, S. Madronich, E. P. Gardner, J. A. Davidson, C. A. Cantrell,
Gardneret al” for 334—-404 nm, Jones and Ba%er 297—- and R. E. Shetter, J. Phys. Che®, 6339(1987.
412 nm, Davenpoftfor 400-420 nm, and Harkeetal”  °IUPAC, Supplement V, 1997see references in Introductipn
' : y G, F. Frost, L. M. Goss, and V. Vaida, J. Geophys. R€4, 3869(1996.

(corrected fog cross-sectiorfer 397-420 nm. The results of 15E. Hicks, B. Leroy, P. Rigaud, J. Jourdain, and G. Le Bras, J. Chim. Phys.
Gardneret al” support the results of Jones and Béyﬂmw- 76, 693 (1979.

ing that the primary quantum yield is nearly unity throughout®H. K. Roscoe and A. K. Hind, J. Atmos. Chet6, 257 (1993.
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NO; + hv — products

Primary photochemical transitions

Reaction AH®/kJ-mol™* MthreshoidM
NO; + hv — NO + O,(%8) (1) 10.9 11000

— NO+ Oy(*A) (2 105.2 1137

— NO+0Ox() (3 167.8 712

— NO,+ OCP) (4 203.9 587

Absorption cross-section data
Wavelength range/nm Reference Comments
400-700 Sander, 1986 @
Quantum yield data

Measurement Wavelength range/nm Reference Comments
@(NO + O,), ¢(4) 570-635 Orlandet al, 199% (b)

@

Comments

Two methods were used to produce NOn one, NQ

. . b
radicals were generated from the flash photolysis of( )

Cl,—CIONGO, mixtures, with NQ formation and
CIONG; loss being monitored by UV absorption. Mea-
surements were made at 230, 250, and 298 K. The
value ofo(NO3) at 662 nm determined by this method
(2.28<10°" cn? molecule’!) was preferred by the
author. The cross-section was observed to increase by a
factor of 1.18 at 230 K. N@Qwas also produced in a
discharge flow system by thetfHNO; reaction. The
value of(NO;) at 662 nm determined by this method
was 1.8% 107 cn? molecule®. Values of o were

tabulated for 1 nm intervals from 400 to 700 nm for
298 and 230 K.

The photodissociation of NOQwas studied at 298 K
using pulsed laser photolysis, with resonance fluores-
cence detection of GP) atoms and NOX 2II).
#[O(®P)] was 1.0 over the range 570—-585 nm, decreas-
ing to a value<0.1 at 635 nm.¢»(NO) was <0.1 at
580 nm and about 0.200.10 at 590 nm. These data
were combined with earlier results of Magnotta and
Johnstof to provide quantum yieldgs(NO+0O,) and
¢(4) as a function of wavelengb86—639 nmand to
calculate photolysis rates for overhead sun at the
earth’s surface, withJINO, + 0)=0.19 s, JINO

+ 0,)=0.016 s*.
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Preferred Values

Absorption cross-sections at 298 K and 230 K

10'° g/cm? 10'° g/cn? 10'° o/cm? 10'° o/cm? 10'° g/cn? 10'° o/cm?
AMnm 298 K 230 K Anm 298 K 230 K AMnm 298 K 230 K
400 0.0 0.4 500 11.3 12.3 600 27.6 29.7
401 0.0 0.5 501 11.1 11.4 601 28.6 30.4
402 0.0 0.5 502 11.1 11.1 602 33.2 35.7
403 0.2 0.5 503 11.1 11.9 603 38.0 43.0
404 0.0 0.3 504 12.6 13.3 604 43.7 51.4
405 0.3 0.7 505 12.8 14.0 605 43.6 53.2
406 0.2 0.6 506 13.4 15.0 606 33.2 39.6
407 0.1 0.5 507 12.8 14.0 607 24.0 26.5
408 0.3 0.5 508 12.7 13.0 608 18.5 19.1
409 0.0 0.8 509 13.5 14.1 609 17.1 17.7
410 0.1 0.5 510 15.1 16.5 610 17.7 18.5
411 0.2 0.8 511 17.3 20.0 611 19.1 20.7
412 0.5 0.4 512 17.7 21.1 612 22.3 25.2
413 0.5 0.7 513 16.0 19.2 613 26.3 32.0
414 0.2 1.2 514 15.8 17.3 614 255 30.5
415 0.6 0.8 515 15.8 17.0 615 22.6 25.8
416 0.6 0.8 516 15.6 17.5 616 20.9 22.5
417 0.7 1.1 517 14.9 15.4 617 21.1 22.0
418 0.5 1.1 518 14.4 14.9 618 23.9 24.4
419 0.8 1.1 519 15.4 15.9 619 25.6 27.1
420 0.8 1.4 520 16.8 17.3 620 32.7 35.8
421 0.8 1.3 521 18.3 18.9 621 52.4 62.9
422 0.9 1.3 522 19.3 20.6 622 101.8 121.3
423 1.1 1.3 523 17.7 19.1 623 147.3 174.5
424 0.9 1.4 524 16.4 16.8 624 120.5 138.7
425 0.7 1.7 525 15.8 16.0 625 83.8 100.7
426 1.4 1.6 526 16.3 16.8 626 73.0 88.2
427 1.4 1.3 527 18.1 19.3 627 75.3 96.1
428 1.2 1.6 528 21.0 23.8 628 73.7 94.3
429 1.1 1.4 529 23.9 27.3 629 69.8 90.3
430 1.7 1.7 530 22.3 24.7 630 67.6 89.7
431 1.3 1.8 531 20.9 22.7 631 48.4 61.0
432 1.5 1.8 532 20.2 22.0 632 32.7 39.8
433 1.8 2.0 533 19.5 21.1 633 21.7 25.1
434 1.8 2.2 534 20.4 22.7 634 16.4 17.3
435 1.6 2.4 535 23.0 26.6 635 14.4 14.0
436 15 2.3 536 25.7 30.6 636 16.9 16.2
437 1.8 2.0 537 25.8 30.5 637 20.7 20.1
438 2.1 2.2 538 23.4 26.0 638 20.3 18.9
439 2.0 2.8 539 20.4 22.4 639 15.8 14.2
440 1.9 2.4 540 21.0 22.6 640 12.3 11.3
441 1.8 2.5 541 20.4 21.8 641 10.0 9.5
442 2.1 2.3 542 18.8 19.7 642 9.2 8.4
443 1.8 2.3 543 16.8 17.5 643 9.7 8.1
444 1.9 2.4 544 17.0 17.3 644 9.5 8.4
445 2.0 2.9 545 19.6 21.3 645 8.6 8.0
446 2.4 2.9 546 24.2 26.5 646 7.5 6.9
447 2.9 3.3 547 29.1 33.0 647 7.0 6.8
448 2.4 3.6 548 29.8 334 648 6.2 6.3
449 2.8 3.3 549 27.1 29.7 649 54 5.3
450 2.9 3.3 550 24.8 27.8 650 5.0 5.0
451 3.0 3.7 551 24.3 27.6 651 55 5.6
452 3.3 4.0 552 24.7 28.5 652 6.1 6.6
453 3.1 3.7 553 25.3 29.4 653 7.1 7.9
454 3.6 4.0 554 27.8 33.1 654 8.2 9.2
455 3.6 4.1 555 311 38.0 655 9.8 11.0
456 3.6 3.6 556 32.6 39.2 656 13.3 14.4
457 4.0 4.2 557 32.9 39.3 657 17.1 18.5
458 3.7 4.7 558 35.1 42.2 658 24.2 25.9
459 4.2 4.5 559 37.2 45.3 659 40.7 42.7
460 4.0 4.6 560 33.2 38.5 660 74.5 79.0

&Continued on next page.
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Absorption cross-sections at 298 K and 230 K—Continued

109 g/cm? 109 o/cm? 109 g/cm? 109 g/cm? 109 g/cm? 109 g/cm?
Anm 298 K 230 K Anm 298 K 230 K Anm 298 K 230 K
461 3.9 4.3 561 29.8 33.8 661 144.8 167.5
462 4.0 4.0 562 29.0 32.7 662 210.0 266.9
463 4.1 4.8 563 28.0 321 663 174.4 229.7
464 4.8 5.1 564 27.2 30.8 664 112.9 145.5
465 5.1 5.4 565 27.3 31.0 665 74.1 92.9
466 5.4 5.7 566 28.5 33.0 666 49.6 62.9
467 5.7 6.0 567 28.1 31.4 667 30.4 37.4
468 5.6 5.9 568 28.5 32.0 668 19.0 23.3
469 5.8 6.0 569 28.9 326 669 12.5 14.5
470 5.9 5.7 570 27.9 311 670 9.5 11.2
471 6.2 6.2 571 27.6 30.9 671 7.9 9.4
472 6.4 6.5 572 27.4 305 672 7.6 9.7
473 6.2 6.5 573 27.8 30.9 673 6.4 8.1
474 6.2 6.4 574 28.6 31.9 674 5.2 6.3
475 6.8 7.4 575 30.8 36.0 675 4.8 5.5
476 7.8 8.3 576 32.7 38.7 676 4.9 5.2
477 7.7 8.2 577 33.8 39.5 677 5.9 6.2
478 7.3 7.4 578 331 385 678 75 7.2
479 7.3 7.4 579 324 38.3 679 7.8 7.3
480 7.0 75 580 33.4 39.9 680 6.9 6.4
481 7.1 7.4 581 355 43.9 681 5.3 5.3
482 7.1 7.3 582 32.8 39.5 682 4.0 4.4
483 7.2 7.1 583 29.3 34.6 683 3.0 32
484 7.7 7.4 584 28.2 32.8 684 2.6 2.8
485 8.2 8.2 585 28.9 34.0 685 1.8 2.4
486 9.1 9.5 586 33.2 39.7 686 1.6 15
487 9.2 9.4 587 41.6 51.8 687 1.2 2.3
488 9.5 9.2 588 50.4 63.8 688 1.2 2.0
489 9.6 10.6 589 61.3 77.3 689 1.2 1.9
490 10.3 11.2 590 59.6 71.8 690 1.0 2.1
491 9.9 10.3 591 54.4 64.6 691 0.7 1.7
492 9.9 10.6 592 51.1 60.2
493 10.1 10.9 593 45.8 53.2
494 10.1 10.1 594 41.9 50.2
495 10.6 11.1 595 42.9 52.8
496 12.1 12.9 596 46.2 58.1
497 12.2 14.0 597 43.6 54.0
498 12.0 13.2 598 36.7 43.7
499 11.7 12.6 599 31.0 36.5

Quantum Yields 230, and 200 K gave results agreeing closely with those of

Sandet: A significant increase in cross-section is found as
temperature is lowered, in contrast to the findings of Cantrell
et al.® where temperature change was observed to have little
Comments on Preferred Values effect. In our previous evaluation the temperature depen-
Since our previous evaluation, IUPAC, 199@bsorption  gence ofer, and the values of at 230 K, were adopted from
cross-section measurements have been made over the range evaluation of Waynet al” who based their values on a
440-720 nm by Yokelsomt al”® using a diode array spec- mean of the results of Sandémnd Cantrellet al® In view
trometer working at a resolution of 0.1 nm. These new data,of the new study of Yokelsomt al® supporting strongly the
which supersede previous data from the same laboritoryresults of Sanderwe now accept the data of Santias the
are in good agreement with those of Sanderich are the  preferred values ofr at 230 K. To obtain the temperature

basis of our preferred absorption cross-sections. They wergependence of the 662 nm band we combine our preferred
obtained by normalizing the values of Saridier the range  values at 298 and 230 K to give

#(4)=1.0 for \<583 nm.

400-691 nm to the value of 24110 17 cm? molecule ! for o(T)={4.59x 10"17—(8.37x 10" 2° T)} cn? molecule * at
the peak value at 662 nm. This peak value is adopted frond62 nm.
the evaluation of Waynet al.’ The measurements of Orlangbal? confirm qualitatively

Yokelson et al® also studied the effects of temperature the wavelength dependence #fNO + O,) and ¢(4) ob-
change on the cross-sections. Measurements at 298, 25&rved in the earlier room temperature measurements of
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Magnotta and Johnstohand provide more accurate values head sun at the earth’s surface and the wavelength range
for ¢(4). The earlier problerhof total quantum yields in 400—700 nm, ofJ(NO, + 0)=0.19 s* and J(NO + O,)
excess of 1.4 was not encountered in the work of Orlande=0.016 s!. These are preferred for atmospheric calcula-
et al,? which confirms that N@radical dissociation is ex- tions. The experimental values of Magnotta and Johriston

clusively to NG + O(®P) at wavelengths<585 nm. are in agreement, and the calculations of Johnstoal X°
A molecular beam study of Davist al® has provided con-  also provide support for these photodissociation rates.
siderable insight into the photodissociation of the J\@di- The information from the molecular beam experiments of

cal. There is a very sharp threshold for chandglat 587 nm  Davis et al® dictates that these values adfonly apply for

for internally cold NQ. Any dissociation at longer wave- temperatures close to room temperature. Calculated values
lengths via channdgd) must occur from photolysis of inter- are available for lower temperatures, but further measure-
nally excited NQ. At A=588 this process competes with ments of the quantum vyields for NQadical photolysis in
photodissociation of N@to form NO+ O, via a three- bulk samples at lower temperatures are required before rec-
center transition state from the vibrationally excited groundommendations can be made for atmospheric photolysis rates
state. The yield of this process falls off above 600 nm andht stratospheric temperatures.

may only occur from hot band absorption above 605 nm.
These facts imply that the branching ratio for bulk, thermally
equilibrated NQ radicals will depend very strongly on tem- 1s. p. Sander, J. Phys. Cheaf, 4135(1986

perature, eSpeCia_”y near the threShOIq for the2m®ming_ 2J..J..Orlando’, G S.yT.yndaII, G. K. Moortgét, and J. G. Calvert, J. Phys.
channel, where higher temperatures will tend to favor disso- chem.97, 10996(1993.

ciation via the simple bond fission chanrié). °F. Magnotta and H. S. Johnston, Geophys. Res. Zgfl69 (1980.

4

Using the measured energy thresholds from the moleculag'VPAC, Supplement V, 1997see references in Introduction
b . ts. Johnstet al 10 have modeled product R. K. Yokelson, J. B. Burkholder, R. W. Fox, R. K. Talukdar, and A. R.
€am experiments, - p Ravishankara, J. Phys. Che@8, 13144(1994.

yields from the excited N@resulting from photon absorp- ©a. R. Ravishankara and R. L. Mauldin Ill, J. Geophys. Res. 8709

tion. They have calculated values ¢{NO), ¢#(NO,), and (1986.

7 .
fluorescence as a function of wavelenath in the range R. P. Wayne, |. Barnes, P. Biggs, J. P. Burrows, C. E. Canosa-Mas, J.
¢( e 9 9 Hjorth, G. Le Bras, G. K. Moortgat, D. Perner, G. Poulet, G. Restelli, and

401-690 nm at temperatures of 190, 230, and 298 K. The ; sigenottom, Atmos. Enviror5A, 1 (1991,
values at 298 K agree well with the experimental findings of 8c. A. Cantrell, J. A. Davidson, R. E. Shetter, B. A. Anderson, and J. G.

References

Orlandoet al.? with only some departures faf(NO,) in the Calvert, J. Phys. Chen®1, 5858(1987).
605—620 nm region 9H. F. Davis, B. Kim, H. S. Johnston, and Y. T. Lee, J. Phys. Chem.
) 2172(1993.

On the basis of their measured quantum vyields, Orland@y s jonnston, H. F. Davis, and Y. T. Lee, J. Phys. Cheog, 4713
et al? have suggested photodissociation rates for an over- (1996.

N,O + hw — products

Primary photochemical transitions

Reaction AH°/kJ-mol™t N threshoidNM

N,O+hv — N,+O(CP) (1) 161 742
— Np,+O('D) (2 351 341
— N+NO 3) 475 252
— N,+0(*S)  (4) 565 212

Absorption cross-section data

Wavelength range/nm Reference Comments

173-240 Selwyn, Podolske, and Johnston, 1977 (a

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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Quantum yield data

Measurement Wavelength range/nm Reference Comments
$(—N,0)=2.0 184.9 Greiner, 1967 (b)
$(NO)=1.0

$(0,)=0.5

$,<0.03 214 Paraskevopoulos and Cvetanovic, $969 (©
$3=<0.01 185-230 Preston and Barr, 1971 (d)

Comments for A=173-240 nm and =194-302 K.

(@ Measured at five temperatures from 194 to 302 K, with
a resolution of 0.7 nm. Values were tabulated at 1 nm
intervals. A nine parameter fit expressiagas a func-
tion of A and T was also given.

(b) N,O photolyzed at 184.9 nm in static system at tem-
peratures of 299-301 K. Mass spectrometric analysis

of N,O, NO, and Q. No other products observed but CoTTlment.:, on (I:regerred_ Values . dth )
the analysis system was not sensitive to,N®ressure e preferred absorption cross-sections and the expression

Quantum Yields

¢»,=1.0 for A =185-230 nm.

was varied in the range 5.3—-285 ml§dr214 Tory of

N,O. From results obtained in this and other studies, i
was concluded that(—N,0)=2.0, ¢(NO)=1.0, and

$(0,)=0.5 over the range 138-210 nm.

(c) Photolysis of NO at 298 K in the presence of neopen-
tane, 1-butene, and added gases. The yield 6PO(
atoms was determined from yield of addition products

with 1-butene.

(d) Photolysis of NO containing 1%'°NO at 296 K and
A=185, 214, and 229 nm. The isotopic composition o

product N was measured.

Preferred Values

Absorption cross-sections

Nnm 107 o/cn? Anm 1G%/cn?
175 12.6 210 0.755
180 14.6 215 0.276
185 14.3 220 0.092
190 11.1 225 0.030
195 7.57 230 0.009
200 4.09 235 0.003
205 1.95 240 0.001

Temperature dependence of absorption cross-sections
In o(N, T)=A1+ AN+ AN+ A N3+ AN?
+(T—300)exp(B;+ Bo\+Bgh2+ B4\ 2)

where
A;=68.21023 B;=123.4014
A,=—4.071805 B,=-2.116255

A;=4.301146<10 2
A,=—1.777846<10°%
As=2.52067210""

B;=1.111572%10?
B,=—1.88105810°

for In o (\, T) are from Selwynet al! These cross-section

tvalues have been confirmed both at room temperature and at

208 K by the results of Hubrich and Stdrdnd Meienne

et al.® who also determined the temperature dependence.
Several publications with additional information on this pro-
cess have appeared since our original evaluation. Selwyn and
Johnstoh studied the ultraviolet absorption spectrum of ni-
trous oxide and it$°N isotopes over the wavelength range
172-197 nm and the temperature range 150-500 K. Lee and

fSutc? measured the photoabsorption and fluorescence cross-

sections in the 106—160 nm region and studied the produc-
tion and quenching of excited photofragments. Yoshino
et al® made high-resolution room temperature cross-section
measurements in the 170-222 nm range. Recent state-
resolved photofragment spectroscopy studies b ldhoto-
dissociation at 193 ntiand 205 nritt show that 43% of the
energy deposited in the molecule appears as translational en-
ergy of the O{D) atom fragment.

The preferred value of the quantum vyielgp,=1.0) is
based on the results reported by Grefh@araskevopoulos
and Cvetanovié,and Preston and BatiGreenblatt and Rav-
ishankar&® have measured the quantum yield for production
of NO(I) and N¢S) atoms at 193 nm to be8x 103,

The recommendations are identical to those given in our
previous evaluation, IUPAC, 1997.
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N,Os + hwv — products

Primary photochemical transitions

Reaction AH°/kJ-mol™? N threshoidNM
N,Os + hy — NO; + NO, @ 89 1340

— NOz; + NO+ O 2 390 307

— NO; + NO; — NO3 + NO, + hr  (3)

Absorption cross-section data
Wavelength range/nm Reference Comments
200-380 Yao, Wilson, and Johnston, 1982 (@
240-420 Harwoodt al, 1993 (b)
Quantum yield data
Measurement Wavelength/nm Reference Comments
d(NOy) 249-350 Swanson, Kan, and Johnston, £984 (c)
»(NOy), ¢ [O(CP)] 290 Barkeret al., 1985 (d)
$(NOy), ¢ [O(P)] 248-289 Ravishankart al, 1986 (e
Comments (c) Pulsed laser photolysis, mostly at 249 nm with a few

experiments at 350 nm. The N@uantum yield was

(@ Measured over the temperature range 223300 K. For measured to be 0.890.15. At low reactant concentra-
the wavelength range 200—280 nm, no temperature de- tion, the quantum yield approached a value o001
penQence was observed, and values were tabulated a Pulsed laser photolysis. The quantum yield for produc-
nm intervals. For 285—-380 nm a pronounced tempera- tion of OCP) atoms was determined to be0.1 in
ture dependence was observed and the results were pre-  oyperiments with resonance fluorescence detection of
sented by an equation expressimgs a function of oxygen atoms. Optoacoustic techniques with added NO
and T. _ _ were used to determing(NO;) to be 0.8-0.2.

(b) Measurements at 233—-313 K using a dual-beam diodge) Pulsed laser photolysis. The quantum yield for NO

array spectrometer. Absolute cross-sections were based
on pressure measurements and determination of NO
and HNG, impurities by UV and IR spectroscopic
methods. For 260—-380 nm, a pronounced temperature
dependence was observed and the results were ex-
pressed in the form lgg(o) =A+1000B/T.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997

production at 248 nm was determined to be unity in
experiments with detection of NCby absorption at
662 nm. The quantum yield for G®) production was
determined by resonance fluorescence and observed to
decrease from 0.720.17 at 248 nm to 0.150.05 at

289 nm.
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Absorption cross-section at 298 K

A/nm 1070 gpgdcn? B/K
200 920
205 820
210 560
215 370
220 220
225 144
230 99
235 77
240 62
245 52
250 40
255 32
260 26.3 —0.091
265 20.5 —0.100
270 16.5 —0.104
275 13.3 -0.112
280 114 —-0.112
285 8.72 —0.126
290 6.80 —0.135
295 5.15 —0.152
300 3.90 —-0.170
305 2.93 -0.194
310 2.19 —0.226
315 1.63 —0.253
320 1.22 —0.294
325 0.90 —0.338
330 0.68 —0.388
335 0.50 —0.409
340 0.38 -0.492
345 0.280 —0.530
350 0.217 —0.583
355 0.167 —0.719
360 0.126 —0.770
365 0.095 —0.801
370 0.074 —0.885
375 0.054 —0.765
380 0.042 —0.992
385 0.033 —0.992
390 0.0234 —0.949
395 0.0174 —0.845
400 0.0135 —0.966
405 0.0103 —1.00
410 0.0080 -1.16
Temperature dependence: Jggr (cnm?  molecule ?) =10g;o 020g

+1000B(1/T—1/298.

Quantum yields

&1+ ¢+ ¢p3=1.0 for A=248-350 nm

Nnm b,
248 0.72:0.17
266 0.38:0.10
287 0.21-0.05
289 0.15-0.05

Comments on Preferred Values

The absorption cross-section values reported by Harwood
et al? show good agreement with the earlier data of Yao
et all For wavelengths less than 280 nm, tirevalues of
Harwoodet al? are 7% lower than those of Yaet al! and
within 5% of the earlier values of Graham and John$tbim
significant temperature dependence was observad<a&60
nm by Harwoocet al., but for the region 265—410 nm there
is a significant effect of temperature. In general, the tempera-
ture dependence from Harwoed al? agrees well with that
of Yao et al! except at the longest wavelengths where the
results in the former study show a slightly larger depen-
dence, leading to- values at 380 nm about 30% lower at 233
K than predicted from the earlier parameterization. The pre-
ferred values for the cross-section at room temperature were
obtained by averaging the results from Harwazical? and
Yao et al.! and the temperature dependence parameters are
taken from Harwoodkt al?

The preferred quantum yield of unity for N@adical pro-
duction is based on the results of Swansoml® at 249 and
350 nm, those of Ravishankaea al> at 248 nm, and those
of Barker et al* at 290 nm. The preferred quantum yield
values for O atom production are those reported by Ravi-
shankaraet al® The study of Ohet al.” indicates that elec-
tronically excited NQ in the 2B, state is produced, and pho-
tolysis induced fluorescend®IF) quantum yield values are
reported. For calculation of photodissociation rates in the
atmosphere, chann@) is equivalent to channél). In sum-
mary, it appears that NQOradicals are produced with unit
quantum yield throughout the region 248-350 nm, and that
the quantum vyield for oxygen atom production decreases at
longer wavelengths and appears to be approaching zero in
the neighborhood of the thermodynamic threshold for O
atom production at 307 nm.

The preferred values are identical to those in our previous
evaluation, IUPAC, 199Y.
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4.4. Sulfur Species

O+CS—-CO+S

AH°=-355 kJmol~*

Rate coefficient data

k/cm® molecule? s7? Temp/K Reference Technique/Comments
Absolute Rate Coefficients
(2.06+0.14)x 10" 1! 305 Slagleet al, 1975 DF-MS
(2.24+0.36)x 107! 300 Bida, Breckenridge, and Kolln, 1976 DF-UVA
2.6x 10 1% exd — (760+ 140)/T] 156-215 Lilenfeld and Richardson, 1§77 DF-EPR/MS
2.0x10 1 298*
Relative Rate Coefficients
2.2x10° 1 298 Hancock and Smith, 1971 RR (a)
Reviews and Evaluations
2.7X 10 1° exp(— 760I) 150-300 NASA, 1997 (b)
2.7x 10 1% exp(— 7601) 150-300 IUPAC, 1997 (0
Comments Comments on Preferred Values

(@

(b)
(©

Because of its significance in the CO chemical laser, this
reaction has been the subject of a number of studiég he
values ofk obtained at 298 K fall within a range of about

0, i -
oms. A rate coefficient ratio ok/k(O + NO,)=2.3 20%. l‘l;rle preferrgd value |s.the mean of_ these measure
; g ents,” “ all of which seem reliable. To obtain the preferred
was obtained, and placed on an absolute basis by use g . . .
_ P 11 expression fok, the only available value d/R is acceptet]

k(O + NO,)=9.7x10"*?2 cm® molecule* s™! (this ; e ]

) and the pre-exponential factor is adjusted to fit the preferred
evaluation. - . ;

1 o 2 298 K rate coefficient. The preferred values are identical to

Based on the data of Slaght al,” Bida et al.~ Lilen- those in our revious evaluation. IUPAC. 1997
feld and Richardsof,and Hancock and Smith. P ’ ’ '

See Comments on Preferred Values.

Discharge flow system. OP) was added to CS and
the infrared chemiluminescence from thetOCS reac-
tion monitored. NQ was added to compete for O at-

Preferred Values References

k=2.1x10"1 cm® molecule ! s ! at 298 K. 1 R Slage. R E. Graham 3. R. Gilbert. and b. Gut chem. Ph
k=2.7x10 1% exp(— 760/T) cm® molecule * s™1  over - e =agle, B = braham, SR, Glbert, and D. Gutman, Lhem. Fhys.

Lett. 32, 184(1975.

the temperature range 150-300 K. 2G. T. Bida, W. H. Breckenridge, and W. S. Kolln, J. Chem. P16.
3296(1976.
Reliability 3H. V. Lilenfeld and R. J. Richardson, J. Chem. Phy&.3991(1977).
4G. Hancock and I. W. M. Smith, Trans. Faraday S8, 2586 (1971).
Alogk=*0.1 at 298 K. SNASA Evaluation No. 12, 1997see references in Introduction
A(E/R)=*250 K. 8JUPAC, Supplement V, 1997see references in Introductjon

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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AH°=-133 kJmol™*

Rate coefficient data

1

k/cn® molecule s~ Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.42x 10" ! exg[ (366= 15)/T] 268-424 Lee, Timmons, and Stief, 1976 FP-RF
(4.84+0.52)x10™ 1 298
1.28x 10~ ! exy] (404 30)/T] 272-472 Lee, Tang, and Klemm, 1480 DF-RF
(4.83+0.46)x10° 11 296
1.11X 10™ ! exff (460+ 41)/T] 296-557 Nip, Singleton, and Cvetanovic, 1981 (@
5.11x10 % 297
Reviews and Evaluations
1.3x 10" exp(410/T) 270-560 NASA, 199Y (b)
1.3x 10" exp(409/T) 270-560 IUPAC, 1997 (©
Comments studies 2 and are identical to those in our previous evalua-

tion, IUPAC, 1997 The product study of Cvetanovet al®
suggests that at high pressu@s39-1.58 barthe reaction
proceeds almost entirely by addition followed by rapid frag-
mentation to CH + CH3;SO. A broad chemiluminescence
spectrum in the range 240—460 nm from this reaction at 1.3
mbar(1 Torr) pressure has been reported by Pavaatl.’
They identified the emitting species as electronically excited
HO and SQ, and by numerical integration they showed that
production of these excited species is consistent with second-
k=5.0x 10" cm? molecule L s~ at 298 K. ary chemistry following the initial reaction to give the prod-

k=1.3x 10" exp409/T) cm® molecule’* s~! over the ~ UCts shown above.
temperature range 270-560 K.

(@ OCP) atoms were generated by the mercury-
photosensitized photolysis of,® using a sinusoidally
modulated mercury lamp, and monitored by NO
chemiluminscence using a phase-shift technique.

(b) Based on the results of Lest all? and Nipet al®

(c) See Comments on Preferred Values.

Preferred Values

References
Reliability
Alogk==*0.1 at 298 K. 1J. H. Lee, R. B. Timmons, and L. J. Stief, J. Chem. Plo#s.300(1976.
A(E/R) =+100 K. 2J. H. Lee, I. N. Tang, and R. B. Klemm, J. Chem. PH§&.1793(1980.
3W. S. Nip, D. L. Singleton, and R. J. Cvetanovic, J. Am. Chem. 368,
3526(1981).
Comments on Preferred Values “NASA Evaluation No. 12, 1997see references in Introductipn

The data of Niget al are in excellent agreement, over the °lUPAC, Supplement V, 1997see references in Introduction
entire temperature range studied, with both of the studies of Egg’éﬁvge;?)mm' D.L. Singleton, and R. S. Irwin, J. Am. Chem. $08,
1,2 .
Leeet al.>“The preferred values d¢f at 298 K andE/R) are 7U. B. Pavanaja, H. P. Upadhyaya, A. V. Sapre, K. V. S. Rama Rao, and J.

obtained from a least-squares fit of the data from those threep. Mmittal, J. Chem. Soc. Faraday Tra®6, 825 (1994.
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AH°(1)=-89 k3mol™?*
AH°(2)=-348 kJmol™*
AH°(3)=—231 kJmol™*

ATKINSON ET AL.

O+CS,—S0O+CS (1)

—~CO+S, (2

- 0CS+S (3)

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

k/cm® molecule * s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.0x 10~ exd — (300+ 150)/T] 305-410 Callear and Smith, 1967 FP-UVA
4.2x10°12 305
8.3x 107! exp(—950/T) 300-920 Homann, Krome, and Wagner, 1968 DF-MS
3.5x10 12 300
(2.08+0.08)x 10712 227 Westenberg and deHaas, 1968 DF-EPR/MS
(3.0+0.3)x107 12 297
(7.8+0.3)x10 12 538
(3.7£0.3)x107*? 298 Callear and Hedges, 1970 FP-UVA
(4.0£0.3)x10° 12 302 Slagle, Gilbert, and Gutman, 1974 @
2.8x10" 1 ex — (650 35)/T] 218-293 Wei and Timmons, 1975 DF-EPR
(3.1+0.2)x10° 12 293
(2.9+0.2)x 10712 249 Graham and Gutman, 1977 DF-MS
(3.6+0.3)x1071? 273
(4.1+0.2)x10° 12 295
(5.1+0.6)x 10712 335
(6.6+0.3)x107 12 376
(8.5+0.6)x 10712 431
(11.2+0.8)x 10 *? 500
Reviews and Evaluations
3.2x 10 exp(—650/T) 210-500 NASA, 199% (b)
3.2x 10" 1 exp(— 6501T) 200-500 IUPAC, 1997 (©

Comments

(@ Studied by using crossed molecular beams with photo-
ionization mass spectrometric detection of products.

(b) Based on the studies of Callear and SmitHpmann
et al,> Westenberg and deHaa&allear and Hedges,
Slagle et al,> Wei and Timmon$, and Graham and

Gutman’

(c) See Comments on Preferred Values.

Preferred Values

k=3.6x10 2 cm® molecule’* s at 298 K.

k=3.2x10 ! exp(—650/T) cn® molecule * s~ 1 over the
temperature range 210-500 K.
k,/k=0.90 over the temperature range 210-500 K.

Reliability
Alogk==*0.2 at 298 K.
A(E/R)==*=100 K.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997

Comments on Preferred Values

There are several determinations lofat 298 K using a
variety of techniques, which are in good agreement. The pre-
ferred value is an average of the values of Callear and
Smith! Homannet al,?> Westenberg and deHaia<Callear
and Hedge$,Slagleet al.,®> Wei and Timmon$,and Graham
and Gutmarl. The preferred temperature coefficient is that of
Wei and Timmon$. There is evidence to suggest that the
Arrhenius plot is not linear over a wide temperature range
but over the range for which our preferred values apply the
other studies of the temperature dependencé&®dfare in
good agreement with the value of Wei and Timméns.

The reported values for the branching ratios show consid-
erable scatter. Foky/k values of 0.093, 0.006° 0.015
0.30!2 and 0.08%° have been reported and fkg/k values
of 0.05-0.20, 0.0061° 0.0141* and 0.03d2 Channel(1) is
clearly the major channel but at this stage our only recom-
mendation is thak;/k=0.90. The preferred values are iden-
tical to those in our previous evaluation, IUPAC, 1997.
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References S|UPAC, Supplement V, 1997see references in Introduction
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’R. E. Graham and D. Gutman, J. Phys. Ch&ii).207 (1977).

. . 44, 143(1979.
8NASA Evaluation No. 12, 1997see references in Introductipn (1979

O + CH3SSCH; — CH3SO + CH,S

AH°=-167 kJmol™*

Rate coefficient data

k/cm® molecule’* s1 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

(2.12+0.22x10° %0 270-329 Lee and Tang, 1980 DF-RF

4.35< 10" M exd (251+61)/T] 298-571 Nip, Singleton, and Cvetanovic, 1981 (@

(1.0+0.3x10 0 298
Reviews and Evaluations

5.5X 10~ ** exp(250/T) 290-570 NASA, 199%7 (b)

5.5x 10" 1! exp(2501T) 290-570 IUPAC, 199% (b)

Comments preferred value at 298 K is an average of the values from the

two studies:? The temperature dependence is that from Nip
et al? with the A factor adjusted to yield the preferred value
at 298 K.

The product study of Cvetanoviet al® suggests that at
high pressures, 0.39—-1.58 bar, the reaction proceeds mainly
by addition followed by rapid fragmentation to GH
+ CH3SO. A broad chemiluminescence spectrum in the
range 240-460 nm from this reaction at 1.3 mthrTorr)
k=1.5%10"1° cm® molecule’ X s~ ! at 298 K. pressure has been reported by Pavaeajal® They identi-
k=6.5x 10" exp(250/T) cm® molecule * s~ over the fied the emitting species as electronically excited HO and
S0O,, and showed from a computer simulation that produc-
tion of these excited species is consistent with secondary
chemistry following the initial reaction to give the products

(@ OCP) atoms were generated by the mercury-
photosensitized photolysis of,® using a sinusoidally
modulated mercury lamp, and monitored by NO
chemiluminescence using a phase-shift technique.

(b) Based on the results of Lee and Taramd Nipet al?

Preferred Values

temperature range 290-570 K.

Reliability h b
Alogk=+0.3 at 298 K. Shown above.
A(E/R)==*=100 K. References
Comments on Preferred Values 1J. H. Lee and I. N. Tang, J. Chem. Phyg, 5718(1980.

. . . 2W. S. Nip, D. L. Singleton, and R. J. Cvetanovic, J. Am. Chem. 36
The data of Nipet al,? obtained using a modulated pho- 3526(1921)_ 9 %

tolysis technique, are about a factor of 2 lower than the dat&NASA Evaluation No. 12, 1997see references in Introduction

from the earlier discharge flow-resonance fluorescence studi‘/'UPACv Supplement V, 1997ee references in Introduction

of Lee and Tang,who reported no temperature dependence gégba‘geéino"'c' D. L. Singleton, and R. S. Irwin, J. Am. Chem. $08,
over the rather limited range 270-329 K. The cause of thes|; g pava,;aja’ H. P. Upadhyaya, A. V. Sapre, K. V. S. Rama Rao, and J.

discrepancy between the two measurements is not clear. Ther. Mittal, J. Chem. Soc. Faraday Tra®§, 825 (1994
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0+0CS—-SO+CO (1)

AH°(1)=—-213 kJmol~*
AH°(2)=—224 kImol~*

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

k/cm® molecule* s7* Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(9.0=1.3x10° % 298 Sullivan and Warneck 1965 DF-MS
2.0X 107 1% exp(—2920m) 290-465 Hoyermann, Wagner, and Wolfrum, 1967 DF-EPR
1.2x10" 1 300
1.08x 10~ 0 exp(—2770M) 300-1150 Homann, Krome, and Wagner, 1968 DF-MS
1.1x 10" 300
3.2x10" ! exp(—2280M) 273-808 Westenberg and deHaas, 969 DF-EPR/MS
(1.4+0.)x 10" 297
(1.19+0.09x 10" 4 297 Breckenridge and Miller, 1972 DF-MS
1.65x 10~ exy —(2165+ 30)/T] 263-502 Klemm and Stief, 1994 FP-RF
(1.2£0.)x 10 298
2.0x 10"t exd —(2140+ 40)/T)] 239-404 Wei and Timmons, 1975 DF-EPR
(1.35+0.13 x 10" 295
(1.39+0.14x 10 4 296 Manning, Braun, and Kurylo 19¥6 FP-RF
(1.17+0.12x 10" 298 Yoshida and Saito, 1978 DF-A (a)
Reviews and Evaluations
2.1X 10" ! exp(—2200m) 230-500 NASA, 1997 (b)
1.6x 10~ exp(—2150M) 220-500 IUPAC, 199% (©

Comments

nel (2) at high temperatures, the recommended valug/&f

@ SO radicals were monitored by microwave absorpti is the mean of the values obtained in studies by Klemm and
Y ptionZ.. . . X Jowhi e )
at 13044 MHz Stief ° and Wei and Timmoriswhich were limited to tem

_ peratures below 502 K. The value kfat 298 K is the mean
(b) Sr?rsiggeogr;tgeMv:II?er:; %Q/xqe;t?ﬁzeé%:; 3\/1?':23??; of the values in Refs. 1-9, and the preexponential factor is

mons’ and Manninget al® adjusted to fit this value df anc_i the .recommende_d value of_
(© See éomments on Preferred Values E/R The preferred values are identical to those in our previ-
' ous evaluation, IUPAC, 199%.
Approximate measurements kj/k, are: 10 at 298 K

Preferred Values (Ref. 12 and 10°2 at 500 K3

k=1.2x10"** cm® molecule * s™! at 298 K.
k=1.6x10 ! exp(—2150M) cm® molecule * s~ over
the temperature range 230-500 K.

References

1J. 0. Sullivan and P. Warneck, Ber. Bunsenges. Phys. C6@ri.(1965.
Reliability 2K. Hoyerman, H. Gg. Wagner, and J. Wolfrum, Ber. Bunsenges. Phys.
Alog k==*0.2 at 298 K. ,Chem.7L. 603 (1967, o e w fer & o
_ . H. Homann, G. Krome, and H. Gg. Wagner, Ber. Bunsenges. Phys.
A(E/R)==150 K. Chem.72, 998(1968.
4A. A. Westenberg and N. deHaas, J. Chem. PBgs707 (1969.
5W. H. Breckenridge and T. A. Miller, J. Chem. Phy§, 465 (1972.

Comments on Preferred Values
R B. Klemm and L. J. Stief, J. Chem. Phy, 4900(1974).
The values obtained fdk by a variety of techniqués® N. Wei and R. B. Timmons, J. Chem. Phg, 3240(1975.

are in excellent agreement over a wide range of temperatureaq G. Manning, W. Braun, and M. J. Kurylo, J. Chem. Phgs, 2609
and pressures<340 mbaJ. The available evidence suggests (1976.
that at low temperatures the reaction proceeds by chahnel °N. Yoshida and S. Saito, Bull. Chem. Soc. Jpt, 1635(1978.

PRy 10NASA Evaluation No. 12, 1997see references in Introductipon
and that channgR) may only become significant at tempera 111UPAC, Supplement V, 1097see references in Introduction
tures above 600 K.

) 1235, Dondes and P. Safrany, reported in T. R. Rolfes, R. R. Reeves, and P.
Because of the possible enhancement of the rate by chanHarteck, J. Phys. Chers9, 849 (1965.
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AH°=-348.1 kmol™*

Low-pressure rate coefficients

Rate coefficient data

kolcm® molecule’* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
3.1X 10732 exp(—1009) [Ar] 299-400 Atkinson and Pitts, 1978 FP-CL (a)
1.05x< 10733 [Ar] 298
1.37x10 ¥ [N,] 298
Reviews and Evaluations
1.1x 10731 (T/1000* exp(—26461T) [Ar] 250-2500 Troe, 1978 (b)
1.3x 10732 (T/300)%© [air] 299-400 NASA, 199¥ (©
4.0X 10”32 exp(—10001) [N,] 200-400 IUPAC, 1997 (d)
8.3x 107 3%(T/1000) 37® exp(— 26501) [Ar] 200-2500
Comments Reliability

@

(b)

(©
(d)

Alog ky==*0.3 at 300 K.
A(E/R)==*=200 K over the temperature range 200-
400 K.

Flash photolysis technique with detection of°@Y at-
oms by NQ chemiluminescence. Relative efficiencies
of k(M=N,): k(M=Ar): k(M=S0,)=1.0:0.77:6.9
were determined.

Theoretical analysis of dissociation and recombinationco_rrﬂmemsf on greflerred Valges q the absolute rat ¢
data, fitting a barrier of 22 kdol™! for the spin- € preferred values are based on he absolute rale coel-

forbidden reaction GIP) + SO,(*A;) — SOs(*A,) ficient study of Atkinson and Pittsee also commerit)],
Based on the data of Atkinson ar?d Pitts v and are identical to those in our previous evaluation, IUPAC,

4 . . - .
Based on the data from Ref. 1, the high temperatur%\gir _Becfause_ theh reactlgrnh h?s”afl;l tact|v$t|ont b?r:”err]'. trr: €
dissociation results from Ref. 5, and a theoretical rrheénius form '.S chosen. the talloff transition 1o the hig
gPressure range is expected at pressures not too far above 1

analysis from Ref. 2. A summary of earlier data wa ! . :
bar. However, as yet no experimental data are available in

also given. . .
this pressure region.
References
Preferred Values . _ _ _
R. Atkinson and J. N. Pitts, Jr., Int. J. Chem. Kin&®, 1081(1978.
2
kO: 1.4%x 1033 [Nz] cm? molecule ® 71 at 298 K. J. Troe, Ann. Rev. Phys. CherR9, 223(1978.

3NASA Evaluation No. 12, 1997see references in Introductipn

— — 32 51 o1
ko=4.0x10 exp(—10001) [N2] cn?® molecule ™t s 4IUPAC, Supplement V, 1997see references in Introductipn

over the temperature range 200—400 K. 5D. C. Astholz, G. Glazer, and J. Troe, J. Chem. Phy$, 2409(1979.
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S+0,-S0+0

AH°=-23.0 kdmol™*

Rate coefficient data

k/cm® molecule* s* Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(2.0+0.5x10 %2 298 Fair and Thrush, 1969 DF-CL
(2.8+0.3)x10712 298 Fair, Van Roodselaar, and Strausz, £971 FP-A
2.2X10" 2 exf (0+ 50)/T] 252-423 Davis, Klemm, and Pilling, 1972 FP-RF
(1.7+0.3x 10712 298 Donovan and Little, 1972 FP-A
(1.5+0.3)x 10712 298 Clyne and Townsend, 1975 DF-RF
1.7X 10" ? exd (153+ 108)/T] 296-393 Clyne and Whitefield, 1979 DF-RF
(2.6+0.3x10°%? 298
Reviews and Evaluations
2.3x 10712 250-430 NASA, 1997 (@
2.1x10 12 230-400 IUPAC, 1997 (b)
Comments measurements @&/R are made a temperature independent

is recommended with error limits encompassing the existing
measured values. The preferred value at 298 K is the mean of
values from Refs. 1-6, and is identical to that in our previous
evaluation, IUPAC, 199%.

(@) Based primarily on the data of Davit al®
(b) See Comments on Preferred Values.

Preferred Values

| Ref
k=2.1x10"2 cm® molecule ! s, independent of tem- eferences

perature over the range 250-430 K. !R. W. Fair and B. A. Thrush, Trans. Faraday S66. 1557(1969.

2R. W. Fair, A. Van Roodselaar, and O. P. Strausz, Can J. Ch8mi.659

Reliability (1972).
Alogk=+0.2 at 298 K. ®D. D. Davis, R. B. Klemm, and M. J. Pilling, Int. J. Chem. Kindt.367
A(E/R)=+200 K. (1972,

4R. J. Donovan and D. J. Little, Chem. Phys. La®, 488(1972.
SM. A. A. Clyne and L. W. Townsend, Int. J. Chem. Kinet. Synip.73

Comments on Preferred Values (1975.

' B ) 6 -
All of the available measurements &t 6 are in good ll/le.’zAY.(fé%yne and P. D. Whitefield, J. Chem. Soc. Faraday Trar&5,2

.agreenjen.t. C'Vn? and Whitefiéldbserved gsmall decfe§§e "NASA Evaluation No. 12, 1997see references in Introductipn
in k with increasing temperature, but until more definitive 8IUPAC, Supplement V, 1997see references in Introductipn

S+ 0;— S0+ 0,

AH°=-415 kJmol™*

Rate coefficient data

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

(1.2+0.3x10 & 298 Clyne and Townsend, 1975 DF-RF
Reviews and Evaluations

1.2x107 1 298 NASA, 1997 (@

1.2x10° % 298 IUPAC, 1997 (b)
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Comments Comments on Preferred Values

The only available experimental determinatiois ac-
cepted as the preferred value. The method was direct, and in
the same study a number of other rate coefficients for S atom
reactions were measured giving results in good agreement
with other techniques. The preferred value is identical to that
in our previous evaluation, IUPAC, 19§7.

(@ Based on the data of Clyne and Townsénd.
(b) See Comments on Preferred Values.

Preferred Values
References
k=1.2x10 ! cm® molecule ! s at 298 K.
IM. A. A. Clyne and L. W. Townsend, Int. J. Chem. Kin&@ymp. 1, 73
. (1975.
Reliability 2NASA Evaluation No. 12, 1997see references in Introductjon
Alogk==*=0.3 at 298 K. SIUPAC, Supplement V, 1997see references in Introductipn

Cl + H,S — HCI + HS

AH°=-50.0 kJmol™*

Rate coefficient data

k/cm® molecule’ s7* Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(7.3:0.9x10° % 298 Nesbitt and Leone, 1980 PLP-CL
(4.00=0.09x 10* 296 Clyne and Ono, 1983 DF-RF
(5.1+x0.7x10 1 296 Clyneet al, 1984 DF-MS
(6.29+0.46x 101! 211-353 Nava, Brobst, and Stief, 1984 FP-RF
3.69x 10" ™ ex{d (208+ 24)/T] 202-430 Nicovich, Wang, and Wine, 1995 PLP-RF
(7.4x1.)x1071* 298
Reviews and Evaluations
3.7x10 Mt exp(210/M) 200-430 NASA, 1997 (@
5.7x 107 210-350 IUPAC, 1997 (b)
Comments the value ofk at room temperature was found to be indepen-

dent of pressure over the range studid@8—800 mbarf25—
600 Torp]. The room temperature value &f reported by
Nesbitt and Leonkis in excellent agreement with the pre-
ferred value, that of Navat al* is 15% lower, and those of
Clyne and Onéand Clyneet al? are significantly lower. In
the study of Nicovichet al,®> experimental conditions were
k=7.4x10" cn? molecule ! s ! at 298 K. adjusted to minimize interferences from radical—radical sec-

k=3.7x10 ! exp(208T) cn® molecule! s! over Ondary reactions.
the temperature range 200-430 K.

(@) Based on the data of Nicovidt al®
(b) Based on the data of Nesbitt and Ledn€Jyne and
Ono? Clyneet al,® and Navaet al?

Preferred Values

References

Reliability
Alog k=-+0.1 at 298 K. 1D. J. Nesbitt and S. R. Leone, J. Chem. PI%%.722(1980.
A(E/R)= =100 K 2M. A. A. Clyne and Y. Ono, Chem. Phys. Lef4, 597 (1983.
- ) 3M. A. A. Clyne, A. J. MacRobert, T. P. Murrells, and L. J. Stief, J. Chem.
Soc. Faraday Trans. &0, 877 (1984).
Comments on Preferred Values :D. F. Nava, W. D. Brobst, and L. J. Stief, J. Phys. Ch88.4703(1985.
The preferred value accepts the results of the recent study?; M: Nicovich, S. Wang, and P. H. Wine, Int. J. Chem. Kiri, 359

ke . . 995.
5
of Nicovich et al> which was an extensive study conducted syasa Evaluation No. 12, 1997see references in Introduction

over a wide range of experimental conditions. In that study’IUPAC, Supplement V, 1997see references in Introduction
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Cl + OCS — SCIl + CO

Rate coefficient data

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

<1.1x10716 298 Eibling and Kaufman, 1983 DF-MS

<4x1071° 298 Clyneet al, 1984 DF-MS

<1x10 % 298 Nava, Brobst, and Stief, 1985 FP-RF
Reviews and Evaluations

<1.0x10°1¢ 298 NASA, 1997 (@

<1.0x10716 298 IUPAC, 1997 (b)

Comments only upper limits to the rate coefficient have been ob-

tained! 2 The lowest of theseis the preferred value, which

@ ﬁ;ﬁ?rztaer?l the upper limit obtained by Eibling and is identical to that in our previous evaluation, IUPAC, 1997.

(b) See Comments on Preferred Values.
References

Preferred Values
IR. E. Eibling and M. Kaufman, Atmos. Enviro7, 429 (1983.
k<1.0x10 16 at 298 K. 2M. A. A. Clyne, A. J. MacRobert, T. P. Murrells, and L. J. Stief, J. Chem.
Soc. Faraday Trans. &0, 877 (1984).
3D. F. Nava, W. D. Brobst, and L. J. Stief, J. Phys. Ch&8.4703(1985.
Comments on Preferred Values 4“NASA Evaluation No. 12, 1997see references in Introductipn
The reaction of Cl atoms with OCS is extremely slow and ®IUPAC, Supplement V, 199¢see references in Introduction

0,
Cl + CS, — products

Rate coefficient data

k/cn® molecule* s7? Temp./K Reference Technique/Comments
Absolute Rate Coefficients
<5x10 *® (Air, 400 mbaj 293 Nicovich, Shackelford, and Wine, 1990 PLP-RF(a)
Relative Rate Coefficients
(8.3+1.7)x 10~ * (Air, 1013 mbay 293 Martin, Barnes, and Becker, 1987 RR (b)
<4x107'® (Air, 933 mbay 298 Wallington et al,, 1998 RR (c)
Reviews and Evaluations
<4x107%5 (Air, 1 ban 298 NASA, 1997 (d)
<4x10715 (Air, 1 ban 298 IUPAC, 1997 (e
Comments were derived. The upper limit tabulated for the overall
. . removal of C$ in the presence of 8Os for all channels
(@ Pulsed laser photolysis of £in CS;, N, O, mixtures of the CSCI + O, reaction which do not lead to Cl
over the pressure range 40—400 mk2®—-300 Tory atom formation

and the temperature range 193—-258 &l] monitored (b) Steady-state photolysis of Cin the presence of GS

by resonance fluorescence. Experiments in the absence N, O,, and a reference compour@H, or CH;Cl).

of O, revealed reversible adduct formation and the es- [CS,] and [CH,4] (or [CH,CI]) were monitored by
tablishment of an equilibrium between Cl, £Sand qguadrupole mass spectrometry. Constant total pressure
CS,Cl. The thermodynamic parameters for equilibrium of 1 bar (760 Torp. [N,]/[O,] varied. Values ok(Cl
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+ CHCl=4.6x10* cm® molecule! s and
k(Cl + CH,)=9.6x10"** cm® molecule? s?
were used.

(c) Steady state photolysis of £in the presence of GS
N,, O,, and CHECI with FTIR monitoring. Value of
k(Cl + CHFR,CI)/k(CI + CH,)<0.04 measured in
same study and combined with(Cl + CH,)=1.0
X110 cm® molecule! s ! (Ref. 5 and the
measured rate coefficient ratiok(Cl + CS,)/
k(Cl + CHF,CI) in the presence of £Xo give the tabu-
lated upper limit tok.

shown that it proceeds initially by rapid formation of the
CICS, adduct, as suggested earlier by Maeiral.? but the
subsequent reaction of the adduct with @ppears to be
slow.

The recommended upper limit is that of Wallingtenal 3
which agrees with the work of Nicovicht al! Wallington
et al® have suggested that the value obtained by Martin
et al? was erroneously high due to complexities in their sys-
tem arising from HO radical production from the reference
compounds which were chosen. The preferred value is iden-
tical to that in our previous evaluation, [IUPAC, 1997.

(d) Based on the upper limits to the rate coefficient mea-

sured by Nicovichet al.! and Wallingtonet al3
(e) See Comments on Preferred Values.
Preferred Values
k<4x10 ' cm® molecule ! s~ ! at 298 K in air at 1 bar.
Comments on Preferred Values

The overall reaction of Cl with CSappears to be too slow
to be of importance in the atmosphere. Nicovéthal! have

References

1J. M. Nicovich, C. J. Shackelford, and P. H. Wine, J. Phys. Ch@4n.
2896(1990.

2D. Martin, |. Barnes, and K. H. Becker, Chem. Phys. Ld#0, 195
(1987.

37.J. Wallington, J. M. Andino, A. R. Potts, and P. H. Wine, Chem. Phys.
Lett. 176, 103 (1992).

4“NASA Evaluation No. 12, 1997see references in Introductipn

SIUPAC, Supplement V, 1997see references in Introductipn

Cl + CHsSH — HCl + CHsS (1)

— HCl + CH,SH  (2)

AH°(1)=-66.1 kdmol™*

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

k/cn® molecule* s7* Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(1.8+0.49x10° %0 298 Nesbitt and Leone, 1980 PLP-CL
k,=(4.3=1)x 10" *? 298 Nesbitt and Leone, 1981 PLP-CL
(1.1+0.4x 10710 298 Mellouki, Jourdain, and Le Bras, 1988 DF-EPR/MS
1.19x 10" exd (151+ 38)/T] 193-430 Nicovich, Wang, and Wine, 1995 PLP-RF
(2.0£0.3)x1071° 298
Reviews and Evaluations
1.2x 10" % exp(150/T) 190-430 NASA, 1997 (@

Comments

(@ Based on the results of Nicoviat al?

Preferred Values

k=2.0x10 1% cm® molecule ! s™! at 298 K.
k=1.2x10"1° exp(150/T) cm® molecule * s~ over the
temperature range 190-430 K.

Reliability
Alog k==*0.1 at 298 K.
A(E/R)=+100 K.

Comments on Preferred Values

The preferred value accepts the results of the recent study
of Nicovich et al.,* which was an extensive study conducted
over a wide range of experimental conditions. In that study
the value ok at room temperature was found to be indepen-
dent of pressure over the range studid@—200 mbarf25—
150 Torp]. The room temperature value &f reported by
Nesbitt and Leorteis in good agreement with the preferred
value, but the Melloukiet al2 reported value is lower by a
factor of two. The results of Nesbitt and Lednghow that
only about 2% of the total reaction occurs by char(@glvia
abstraction from the methyl group.
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References 3A. Mellouki, J. L. Jourdain, and G. Le Bras, Chem. Phys. L8 231
(1988.
4J. M. Nicovich, S. Wang, and P. H. Wine, Int. J. Chem. Kir%, 359
ID. J. Nesbitt and S. R. Leone, J. Chem. PI%%.1722(1980. (1995.
2D. J. Nesbitt and S. R. Leone, J. Chem. PI§5.4949(1981). SNASA Evaluation No. 12, 1997see references in Introductipn

— CH43SCICH, (2)

AH°(1)=-39.6 kJmol™*

Rate coefficient data

k/cm® molecule’* s1 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.8x10 1% (4 mbar N) 297 Stickel et al, 1992 PLP-RF
(3.3+0.5x 10 1° (933 mbar N) 297
Relative Rate Coefficients
(3.2+0.3x 1071 (987 mbar N) 295 Nielsenet al, 199G RR (a)
(3.61+0.21)x 1071° (1013 mbar ) 298 Kinnison, Mengon, and Kerr, 1996 RR (b)
Branching Ratios
ky/k>0.97 (1.3 mbar He 298 Butkovskaya, Poulet, and Le Bras, 1995 DF-MS
kq/k>0.98 (13-40 mbar N) 298 Zhao, Stickel, and Wine, 1996 PLP-TDLS
Reviews and Evaluations
3.3x1071°(1 bar N,) 298 NASA, 1997 (©
3.3x1071°(1 bar N,) 298 IUPAC, 1997 (©
Comments proaches unity as the pressure tends to zero but decreases to

a value of~0.5 at 270 mbaf203 Tor) N, and 297 K*

These findings are interpreted in terms of the occurrence
of two reaction channels, Cl abstraction and adduct forma-
tion. At low pressures the abstraction channel is dominant
(Refs. 1, 4, and bbut with increasing pressure the adduct
can be stabilized leading to an increase in the tétas
pressure increases and temperature decreases.

Until the reaction is studied in more detail and a complete
analysis of the temperature and pressure dependence can be
made, our recommendations are limited to high pressures
and 298 K. They are based on the results of Stiekedl,*
Nielsenet al,? and Kinnisonet al,® which are in excellent
Preferred Values agreement. There is also a value of 210 1° cm® mole-
cule ! s™ at 298 K and 1 bar Nreported by Barnest al.°
but no experimental details are given.

(@ Photolysis of mixtures of COGFCH,SCH;—
cyclohexane—M in a Teflon chamber Cyclohexang
and [CH;SCH;] measured at intervals by GC. A rate
coefficient ofk(Cl + cyclohexang = 3.1x10 % cm?®
molecule ! s™! was used.

(b) Photolysis of mixtures of COGFCH;SCH;—
n-butane—N in a Teflon chamber[n-Butangd and
[CH3SCH;] measured by GC. k(Cl + n-butane
=1.94x10 % cm® molecule ! s~ used®

(c) Based on the results of Sticket al*

k=3.3x10"19 ¢cm® molecule ! s™! at 298 K and 1 bar
N,.

Reliability References

Alogk==0.15 at 298 K and 1 bar N
IR. E. Stickel, J. M. Nicovich, S. Wang, Z. Zhao, and P. H. Wine, J. Phys.
Chem.96, 9875(1992.
Comments on Preferred Values 20. J. Nielsen, H. W. Sidebottom, L. Nelson, O. Rattigan, J. Treacy, and D.
The study of this reaction by Stickadt al! shows the J. O'Farrell, Int. J. Chem. Kine22, 603(1990.
reaction kinetics to have a complex dependency on tempera‘iD. J. Kinnison, W. Mengon, and J. A. Kerr, J. Chem. Soc. Faraday Trans.

: . . 92,369(1996.
tqre and prgssure. The .Overa” reaqtlon rate is close to CO".I“N. I. Butkovskaya, G. Poulet, and G. Le Bras, J. Phys. Ch@9n4536
sional and increases with decreasing temperature and with1ggs.

increasing pressure. The HCI yigloheasured by TDLBap- ®Z. Zhao, R. E. Stickel, and P. H. Wine, Chem. Phys. 25, 59 (1996.
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8NASA Evaluation No. 12, 1997see references in Introductipn °|. Barnes, V. Bastian, K. H. Becker, and D. MartBipgenic Sulfur in the
"IUPAC, Supplement V, 1997see references in Introductipn EnvironmentE. S. Saltzman and W. J. Cooper, ACS Symposium Series
8R. Atkinson and S. Aschmann, Int. J. Chem. Kirtet, 33 (1985. 393 (ACS, Washington, DC, 1989p. 476.

AH°=-117.5 kmol™*

Rate coefficient data

k/cm® molecule* s7* Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(5.2£0.5)x 1012 298-423 Perry, Atkinson, and Pitts, 1976 FP-RF
6.4x107 12 exf — (55+58)/T] 245-366 Wine et al, 1987 FP-RF
(5.13+0.57)x 10712 297
2.27x 107125 exp(725T) 228-518 Leu and Smith, 1982 DF-RF
(3.9£0.7)x10 12 298
(5.010.55)x 10 12 228-437 Michael et al., 1982 FP-RF
7.8x10 12 exd — (146+105)/T] 239-425 Lin, 1982 FP-RF
(4.42+0.48)x 10712 295
(4.3+0.6)x10°*? 300 Wang and Lee, 1985 DF-RF
3.81x 107 1°T%4% exp(732T) 245-450 Lin et al, 1985 DF-RF
(4.4+0.7)x10712 299
(4.9+0.9)x10° %2 245 Lafageet al, 1987 DF-RF/LIF
(3.8£0.6)x 10712 263
1.32x 1071 exq — (394+190)/T] 294-450
(3.3+0.5)x107 12 294
Reviews and Evaluations
6.0x 10 12 exp(— 75IT) 220-520 NASA, 1997 (@
6.3x 10 12 exp(—80IT) 200-300 IUPAC, 1997 (b)
Comments Leu and Smitt?, Lin et al,” and Lafageet al® show non-

(@

(b)

Based on the absolute data of Peeyal,' Wine Arrhenius behavior of the rate coefficient, with a shallow
etal.? Leu and Smitf Michael etal.® Lin5 Lin minimum in the rate coefficient at~27(7)—300 K. The rate
et al,” and Lafageet al® and the relative rate data of coeffl_ment IS |r§1dependent (.)f prfag 7sﬁré' and the nature of
Cox and Sheppatd and Barnest al? the diluent ga . These finding$ _cast some dc_)ubt upon
Based on the absolute rate data of Westenberg and dg]e suggestion that the non-Arrhenius behavior is due to the
Haas!® Perry et al,' Wine etal,? Leu and Smit§, ~ occurrence of both addition and abstraction channels.
Michael et al,* and Lin® Despite the non-Arrhenius behavior of the rate coefficient
k over an extended temperature range, the preferred expres-
sion is given in the Arrhenius form which is satisfactory for
Preferred Values the temperature range covered by our recommendation.

k=4.7x10"*? cm® molecule ! s™! at 298 K.
k=6.1x 10" 12 exp(—80/T) cm® molecule * s~* over the References

temperature range 220-520 K.
IR. A. Perry, R. Atkinson, and J. N. Pitts, Jr., J. Chem. Plfs.3237

(1976.

Reliability 2P, H. Wine, N. M. Kreutter, C. A. Gump, and A. R. Ravishankara, J. Phys.
Alog k==0.08 at 298 K. Chem.85, 2660(1981).
A(E/R)==*=80 K. 3M.-T. Leu and R. H. Smith, J. Phys. Che86, 73 (1982.

4J. V. Michael, D. F. Nava, W. D. Brobst, R. P. Borkowski, and L. J. Stief,
J. Phys. ChemB6, 81 (1982.

Comments on Preferred Values °C. L. Lin, Int. J. Chem. Kinet14, 593 (1982.
The preferred values are obtained from a unit-weighted’N.-S. Wang and Y.-P. Lee, Proc. Natl. Sci. Council RBE9, 87(1985.

least-squares analysis of the absolute rate constants of Perr

-L. Lin, N.-S. Wang, and Y.-P. Lee, Int. J. Chem. Kindi7, 1201
1985.

1 \Wi 2 : - 4105
et al,” Wine et al Leu and SmitH, Michael et al, |j'n1 8C. Lafage, J.-F. Pauwels, M. Carlier, and P. Devolder, J. Chem. Soc.
Wang and Leé,Lin et al,” and Lafageet al® The studies of ~ Faraday Trans. 83, 731(1987.
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9NASA Evaluation No. 12, 1997see references in Introductipn 12| Barnes, V. Bastian, K. H. Becker, E. H. Fink, and W. Nelson, J. Atmos.
0)UPAC, Supplement V, 1997ee references in Introductipn Chem.4, 445(1986.
11R. A. Cox and D. W. Sheppard, Natufeondon 284, 330(1980. BA. A. Westenberg and N. deHaas, J. Chem. PB@s 665 (1973.

HO + SO, + M — HOSO, + M

AH°=-127 kJmol™*

Low-pressure rate coefficients

Rate coefficient data

ko/cm® molecule* s71 Temp./K Reference Technique/Comments

Absolute Rate Coefficients
(7.2+2.6)X 10731 [N,] 300 Harris and Wayne, 1975 DF-RF
7.0x 1031 (T/300 " 2°[N,] Erler, Field, and Zellner, 1975 DF-RF (a)
4.9x10 3 [N,] 300 Davis, 1978 (b)
2.9x10731[N,] 300 Atkinson, Perry, and Pitts, 1976 FP-RF(c)
3.6xX10731[N,] 300 Erler and Zellner, 1978 FP-RA
(2.54+0.33X 10731 [N,] 298 Leu, 1982 DF-RF (d)
(7.91:0.24x 10732 (T/298) ~ (285021 [Hg] 261-414
1.6x 10731 [N,] 297 Paraskevopoulos, Singleton, and Irwin, 1983 FP-RA (e)
5.8x 10731 (T/300) 2 [N,] 260-420 Wine et al, 1984 FP-RF(f)
(2.4 0.7} 10 3 [N,] 298 Lee, Kao, and Lee, 1990 DF-RF
(1.1+0.3)x 10~ 32 exp(640/T) [He] 280-413

Reviews and Evaluations
3.0x 10 3%(T/300) 32 air] 260-420 NASA, 1997 (9
4.0x1034(T/300) 33 [N,] 300-400 IUPAC, 199% (h)

Comments Preferred Values
(@ Temperature range not cited. ko=4.0x1073! (/30033 [N,] cnm® molecule * s2

(b) Measurements cited in Ref. 12 in the pressure range
6.7-670 mbar(5-500 Torj, extrapolated tdk, and
Ko .

(c) Converted from M=Ar with an assumed relative effi- Reliability
ciency N:Ar=1.8:1. Pressure range 33—-870 mbar Alogk,==0.3 at 300 K.
(25—-650 Tory extrapolated with Lindemann— An==*1.
Hinshelwood plot tdkg andk., .

(d) Measurements at pressures near 1.3 nibarorr).

(e) Pressure range 73-1013 mhk&b-760 Tor). Falloff
extrapolation using Lindemann—Hinshelwo@g., ne-

over the temperature range 300—400 K.

Comments on Preferred Values
The preferred values are based on an average of the data
glecting broadening factorsand hence responsible for from Refs. 1—9, cor_rectlng for |n'c_1dequate fqlloff extrapo_la-
low value. tions, and are identical to those in our previous evaluation,
(f) Temperature range 260-420 K, pressure range 17-928/PAC, 1997:* Falloff curves are constructed with

mbar (13—696 Tor), bath gases He, Ar, N and Sk. F.=0.45 near 300 K andt,, such as given below. The dif-
(g) Based on the rate coefficients of Ref. 6. ference betweek, from Refs. 10 and 11 is due to the use of

(h) See Comments on Preferred Values. F.=0.6 in Ref. 10.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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High-pressure rate coefficients

Rate coefficient data

k./cm® molecule * s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.8x10 %2 435 Gordon and Mulac, 1975 (@
9.0x10 18 300 Davis, 1978 (b)
8.3x 10713 300 Atkinson, Perry, and Pitts, 1976 FP-RF(c)
1.2x10 %2 297 Paraskevopoulos, Singleton, and Irwin, 17983 FP-RA (d)
1.26x 10 2 (1/300 %7 260-420 Wine et al, 1984 FP-RF(e)
Reviews and Evaluations
1.5x10 *? 260-420 NASA, 1997 )
2x10 %2 200-300 IUPAC, 199% (9)
Comments Comments on Preferred Values
. . See Comments on Preferred Values kgr Falloff repre-
(@ Pulsed radiolysis in kD vapor at 1 bar. . . g P
sentation withF.=0.45 near 300 K.
(b) See commentb) for k.
(c) See commentc) for k. References
(d) See commente) for k. . .
. G. W. Harris and R. P. Wayne, J. Chem. Soc. Faraday Traig, 610
(e) See commentf) for k. The negative temperature co- (1975,
efficient from the falloff extrapolation may indicate 2k. Erler, D. Field, and R. Zellnefcited in R. Zellner, Ber. Bunsenges.
that the truek,, is still higher. 3F’hys. Chem82, 1172(1978)].
: _ D. D. Davis(cited in Ref. 12.
(f)  Based on a fit of the d?ta OL Refls' 6-8. 4R. Atkinson, R. A. Perry, and J. N. Pitts, J. Chem. Pt§5.306 (1976.
(g) See Comments on Preferred Values. 5K. Erler and R. Zellnefcited in R. Zellner, Ber. Bunsenges. Phys. Chem.

k.=2X10 %2 cm® molecule ! s™1, independent of tem-
perature over the range 200—-300 K.

Preferred Values

Reliability

Alog k,==*0.3 over the temperature range 200—300 K.

82 1172(1978].

6M. T. Leu, J. Phys. Chen86, 4558(1982.

’G. Paraskevopoulos, D. L. Singleton, and R. S. Irwin, Chem. Phys. Lett.
100, 83(1983.

8P. H. Wine, D. H. Semmes, R. J. Thompson, C. A. Gump, A. R. Ravis-
hankara, A. Torabi, and J. M. Nicovich, J. Phys. Ch&g).2095(1984.

9Y.-Y. Lee, W.-C. Kao, and Y.-P. Lee, J. Phys. Chedd, 4535(1990.

1ONASA Evaluation No. 12, 1997see references in Introductipn

IUPAC, Supplement V, 1997see references in Introductipn

2R, F. Hampson and D. Garvin, Natl. Bur. Starid.S), Spec. Publ. 513
(1978.

133, Gordon and W. A. Mulac, Int. J. Chem. Kin&ymp. 1, 289 (1975.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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H0802 + 02 g H02 + SO3

AH°=4 kJmol™*

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(4x2)x10 18 250 Margitan, 1984 FP-RF(3)
(4+2)x10° = 298
(3.5+1)x10 13 298 Martin, Jourdain, and Le Bras, 1986 DF-EPR(b)
(4.37+0.66x 1013 298 Gleason, Sinha, and Howard, 1887 DF-CIMS (c)
1.34x 10" 2 exy —(330+ 70)/T] 297-423 Gleason and Howard, 1988 DF-CIMS (c)
(4.37£0.66x 10 297
Reviews and Evaluations
1.3x 10" exp(—330T) 290-430 NASA, 1997 (d)
1.3x 10" 2 exp(—330) 290-430 IUPAC, 1997 (e

Comments

(@ The reaction was studied at 53 and 133 m{r and
100 Torp of Ar diluent at 250 and 298 K. HO radicals
were removed by the H@ SO, + M — HOSO, + M
reaction, but the addition of Oand NO regenerated
HO radicals by the reactions HO$Gr O, — HO,
+ SO; and HG + NO — HO + NO,. The effects of

varying the amounts of Qwere studied. The same rate
coefficient was measured at 250 K and 298 K, but it

was suggestédhat this was due to a lack of precision
in the technique rather than indicating thats tem-
perature independent.

(b) The effects of addition of NO and »n the HO radi-

Preferred Values

k=4.3x10 * cm® molecule * s at 298 K.
k=1.3x10 2 exp(—330/T) cm® molecule ! s™! over the
temperature range 290-430 K.

Reliability
Alog k==0.10 at 298 K.
A(E/R)=*=200 K.

Comments on Preferred Values

In the earlier studies? HO radical decays due to the re-
action HO+ SO, + M — HOSG, + M were monitored in
the presence of NO and,OThe reaction sequence HOSO

cal decays were studied. A system of 12 reactions was. 0, — HO, + SO; and HGQ + NO — HO + NO, then
used to model the reaction system to obtain the ralgggenerates HO radicals. Modeling of the NO decay led to

coefficientk.

(c) HO radicals were produced by the-HNO, reaction,
and SQ and G were added down-stream. HOgS®as
monitored by sampling into a flowing afterglow con-
taining CI” ions. S@ ions, formed by the reaction Cl
+ HOSO, — SO; + HCI, were detected by quadru-
pole MS. The S@ product of the reaction was also
detected by Cl + SO; + M — (CISO;) ™ + M with
MS measurement diCISO;) . The total pressure was
varied over the range 2.7-10.7 mh@~8 Torp, and
no change irk was observed, allowing an upper limit
of 3.4x10° 3 cm® molecule 2 s™(M = N,) for the
rate coefficient for the reaction HOSCG+ O, + M
— HOSG,0, + M to be set.

(d) Based on the studies of Gleasehal® and Gleason
and Howard"

(e) See Comments on Preferred Values.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997

the rate coefficienk. This method of determining is less
direct than the more recent measurements of Gleason and
Howard and of Gleasort al.®> where HOSQ radicals were
monitored by MS. We therefore accept the temperature-
dependent expression obtained by Gleason and Hofvard.
The earlier resultd? though less precise, are in good agree-
ment with the preferred values, which are identical to those
in our previous evaluation, IUPAC, 1947.

References

1J. J. Margitan, J. Phys. Che®8, 3314(1984.

2D. Martin, J. L. Jourdain, and G. Le Bras, J. Phys. Ch@#n4143(1986.
3J. F. Gleason, A. Sinha, and C. J. Howard, J. Phys. CB&nv.19(1987.
4J. F. Gleason and C. J. Howard, J. Phys. Ch@3414(1989
SNASA Evaluation No. 12, 1997see references in Introductipn
8|UPAC, Supplement V, 1997see references in Introduction
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HO + OCS — products

Rate coefficient data

k/cm® molecule * s71 Temp./K

Reference Technique/Comments

Absolute Rate Coefficients

1.3x 10712 exd —(2300+ 100)/T] 300-517
(6+4)x10°16 300
1.13x 10 23 exd (— 1200+ 400)/T] 255-483
(2.0°59x10°1° 300
(1.92-0.25)x 1015 298
Reviews and Evaluations
1.1x 10~ exp(—1200M) 250-490
1.1X 10~ exp(—1200M) 250-500

Leu and Smith, 1981 DF-RF (a)

Cheng and Lee, 1986 DF-RF (b)

Wahner and Ravishankara, 1887 FP/PLP-LIF(c)

NASA, 1997
IUPAC, 1997

(d)
(e

Comments

(@)
for the presence of & in the OCS sample used
(0.010.003% HS for the experiments at 300-421 K
and 0.04-0.01% HS for the experiments at 517)K

At 300 K the measured rate coefficient, uncorrected fo

the presence of §8, was 1. 10 *° cm® molecule !
—1
s

measured rate coefficiefit was independent of pres-
sure[1.2—7.9 mbax0.9-5.9 Torj] and the addition of
O, (up to 18% or 0.36 mbar of £).

The rate coefficienk was independent of pressure
[120—400 mbar90-300 Torj], the nature of buffer
gas, and the addition of Qup to 48 mbay.

Based on the results of Cheng and f.emd Wahner
and Ravishankari.

See Comments on Preferred Values.

(c)

(d)
(e)

Preferred Values

k=2.0x10"® cm® molecule ! s™! at 298 K.
k=1.1x10 1 exp(—1200m) cm® molecule ! s over
the temperature range 250—490 K.

Reliability
Alogk==*0.3 at 298 K.
A(E/R)=*=500 K.

Comments on Preferred Values

The rate coefficients measured by Cheng and? Lared
Wahner and Ravishankdrare approximately a factor of 3
higher at 298 K than the earlier value of Leu and Srhith.

The measured HO radical decay rates were correcte

The purity of OCS was checked by FTIR spectroscopy,
showing that HS was present at less than 0.005%. The

Smith' to account for the presence of traces gfSHn their
aystem since in the absence of any correction to the mea-
sured rate coefficient of Leu and Snfitthere is reasonable
agreement between the studtes.Cheng and Leetook care

to keep the HS level in their OCS very low and this, to-

lgether with the confirmatory measurements of Wahner and

Ravishankard, leads us to recommend their values. These
recommendations are compatible with the earlier upper lim-
its given by Atkinsonet al® and Ravishankarat al,” but
not with the higher value obtained by Kurylowhich may
have been due to the occurrence of interfering secondary
chemistry and/or excited state reactions. The preferred values
are identical to those in our previous evaluation, IUPAC,
1997°

Kurylo and Laufef have suggested that the reaction pro-
ceeds through adduct formation, as found for the reaction of
HO with CS,, followed by decomposition of the adduct to
yield mainly HS + CO,. This is supported by the product
study of Leu and Smithat 517 K. However, in contrast to
the HO + CS, reaction, there is no marked effect of ©On
the rate coefficient. Furthermore, very little oxygen atom ex-
change between ¥0 and OCS is found? which may sug-
gest that any adduct formed is weakly bound and short-lived.

References

IM.-T. Leu and R. H. Smith, J. Phys. Che86, 2570(1981).

2B.-M. Cheng and Y.-P. Lee, Int. J. Chem. Kin&8, 1303(1986.

3A. Wahner and A. R. Ravishankara, J. Geophys. R8s2189(1987).

4NASA Evaluation No. 12, 1997see references in Introduction

SIUPAC, Supplement V, 1997see references in Introductipn

R. Atkinson, R. A. Perry, and J. N. Pitts, Jr., Chem. Phys. 1%4.14
(1978.

"A. R. Ravishankara, N. M. Kreutter, R. C. Shah, and P. H. Wine, Geo-
phys. Res. Lett7, 861(1980.

8M. J. Kurylo, Chem. Phys. Let68, 238(1978.

9M. J. Kurylo and A. H. Laufer, J. Chem. Phy&0, 2032(1979.

This may be due to the corrections applied by Leu and’G. D. Greenblatt and C. J. Howard, J. Phys. Che#).1035(1989.
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HO + CS, + M —» HOCS, + M (1)

HO + CS, - HS + OCS  (2)

AH°(1)=-46.0 kdmol™*
AH°(2)=-156 kJmol™*

Low-pressure rate coefficients

Rate coefficient data

Kor [IMYem® molecule’* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients

1x10"*? at 93 mbafN,] 247-299 Hynes, Wine, and Nicovich, 1988 PLP-LIF (a)

6x 10 3 at 40 mbafN,] 259-318 Murrells, Lovejoy, and Ravishankara, 1990 PLP-LIF (b)

7.2x10 % at 31 mbarfHe] 298 Diau and Lee, 1991 PLP-LIF (¢)

3.4x 1073 at 43 mbarfAr] 246
Reviews and Evaluations

8.0x 10 3 [N,] 270-300 IUPAC, 199% (d)

Comments Reliability
Alog ky;=*+0.5.

(@ Photolysis of HO, at 248 nm in mixtures of CSand
ggeo l_}lzo,n)a.w, or O,. Pressure range 87—920 mii&b Comments on Preferred Values . |
(b) Photolysis of HO, at 248 nm or 266 nm in mixtures of Because _Of the low thermal stability of l_—IOQS_ex_perl-
CS, and He-N or He-Sk. Pressure range 12—80 mental studies h?_;l\_/e to account for the _re-dlssomatlor_l Qf the
mbar (9—60 Tor). The effect of Q [0.7-20 mbar adduct. After clarlf_lf_:atmn of the mechanism, rate coefficients
(0.5—15 Tory] on the rate was studied. now can _be specified. The preferred values are base_d on a
(©) Photolysis of HO, at 248 nm in mixtures of CSand combination of the Qata for MN, from Refs. 1 and 2, Wlth.
added He or Ar. Pressure range 12—360 mBan270 a falloff representation. The data and a falloff representation
indicate that the low-pressure limit is approached within
10% only at pressures below about 27 mt20® Torr. The
strong temperature dependencekgf for M=He derived in
Ref. 3(E/R=-1610 K) is apparently not consistent with the
results from Refs. 1 and 2. It appears that reacti@nis
slow, with a rate coefficient ok,<2x10 %> cm® mole-
cule™! s7! at 298 K (see next data sheetThe preferred
Ko;=8x10"31[N,] cm® molecule * s™1, independent of values are identical to those in our previous evaluation, IU-
temperature over the range 250-320 K. PAC, 1997

Torr) of Ar or He. Effect of C$ on rate was studied.
(d) See Comments on Preferred Values.

Preferred Values

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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High-pressure rate coefficients

Rate coefficient data

K.1/cm® molecule * s7* Temp./K Reference Techniqgue/Comments
Absolute Rate Coefficients

5.8x10 % at 0.91 bafN,] 250-270 Hynes, Wine, and Nicovich, 1988 PLP-LIF (a)

3.1x 10 2 at 0.88 bafN,] 297

1.9x10 *? at 1.01 bafAr] 298 Bulatovet al, 1988 PLP-LIF (b)

1.3x10 *? at 1.01 bafair] 295 Beckeret al, 1996 PLP-LIF (c)
Reviews and Evaluations

8x1071? 250-300 IUPAC, 1997 (d)

Comments rably minor influence in contrast to the room temperature

experiments. A falloff curve with an estimated value of

(@ See commenta) for k. . )
. . o F.=0.8 was employed for extrapolation. Experiments at 1
() Mixtures of ,—H,0-CS—Ar. The rates of HOCS bar total pressure are apparently still far below the high-

formation and decomposition were measured, with arn ressure limit. An extensive discussion of the complicated
equilibrium  constant of K,=2.6x10Y cm® P ' P

molecule * mechanism is given in Refs. 7-9 as well as in Refs. 1, 2, and
© H,0 hotél zed at 248 nm in mixtures of G@nd 10. Rate expressions combining adduct formation, dissocia-
N2 zozporAryOZ The partial pressure of Gvas in the tion, and subsequent reaction with, @ave been proposed
2_ - .

which are not reproduced hergee also data sheets on
range 0.32—1013 mb#&0.24—-760 Tory, at a total pres- ) :
sure of 1.01 baf760 Torp. HOCS, + M and HOCS + O,). More experiments separat

(d) See Comments on Preferred Values. ing the individual steps are required.

Preferred Values

References
K.;=8x10"2 cm® molecule ! s™%, independent of tem-
perature over the range 250—-300 K. 1A, J. Hynes, P. H. Wine, and J. M. Nicovich, J. Phys. Ché®).3846
(1988.
27, P. Murrells, E. R. Lovejoy, and A. R. Ravishankara, J. Phys. Cledm.

Reliability 2381(1990).
Alog k.;==0.5 over the temperature range 250—-300 K. 3g w.-G. Diau and Y.-P. Lee, J. Phys. Ched5, 379 (199).

4IUPAC, Supplement V, 1997see references in Introductijon
Comments on Preferred Values SV. P. Bulatov, S. G. Cheskis, A. A. logansen, P. V. Kulatov, O. M.

.. . Sarkisov, and E. Hassinen, Chem. Phys. LE#3 258 (1988.
The preferred rate Coeﬁ'c'emocl is based on a falloff K. H. Becker, W. Nelsen, Y. Su, and K. Wirtz, Chem. Phys. L8 559

representation of the data from Refs. 1 and 2, with high- (1990.

pressure data mostly from Ref. 1, and is identical to that in;NASA Evaluation No. 12, 1997see references in Introduction

our previous evaluation, IUPAC, 19¢7The largest weight —,CODATA, Supplement Il, 1984see references in Introduction

. . “IUPAC, Supplement IlI, 1989see references in Introductipn

IS given to the measurements near 250_K V\_’here decomposeg R Lovejoy, T. P. Murrells, A. R. Ravishankara, and C. J. Howard, J.
tion of the adduct and the subsequent kinetics are of compa-Phys. Chem94, 2386(1990.
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HO + CS, — HS + OCS

AH°=-156 kJmol™*

Rate coefficient data

k/cm® molecule t s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
<9.9x1071° 251 Wine, Shah, and Ravishankara, 1980 FP-RF
<15x10°%° 297
<1.6x1071° 363
<2x10715 299 Murrells, Lovejoy, and Ravishankara, 1890 PLP-LIF
<3x10715 330 Lovejoy et al, 199G DF-LMR (a)
Reviews and Evaluations
<1.5x10°18 298 NASA, 1997 (b)
<2x1071° 298 IUPAC, 1997 (©
Comments et al,? and is consistent with the study of Lovejeyal? in

which HS radical formation and HO radical decays were

(@ Based on the observed HS radical yield<060% of . . )
the HO radicals consumed and a total HO radical IOSSrr_1easured. The preferred value is identical to that in our pre-
rate of 61015 o molecule L s L. vious evaluation, IUPAC, 1997.
(b) Based on the data of Winet al!

(c) Based on the data of Murrel&st al?

References
Preferred Values 1P, H. Wine, R. C. Shah, and A. R. Ravishankara, J. Phys. CB&n2499
k<2x10 % cm® molecule ! s~ at 298 K R - i
cm” molecule = s ~ a . T. P. Murrells, E. R. Lovejoy, and A. R. Ravishankara, J. Phys. Clodm.
2381(1990.

3 . .
E. R. Lovejoy, T. P. Murrells, A. R. Ravishankara, and C. J. Howard, J.
Comments on Preferred Values Phys. Chem94, 2386(1990.

The upper limit 't‘? the prgferred Yalue is based on thesnasa Evaluation No. 12, 1997see references in Introduction
absolute rate coefficient studies of Wiaeal! and Murrells  SIUPAC, Supplement V, 1997see references in Introduction

HOCS, + M — HO + CS, + M

AH°=46.0 kdmol™?*

Low-pressure rate coefficients

Rate coefficient data

ko [M1is™t Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.3x10* at 0.100 bafN,] 255 Hynes, Wine, and Nicovich, 1988 PLP-LIF (a)
2.6x 10" at 0.108 bafN,] 280
4.3x10° at 0.020 bafN,] 277 Murrells, Lovejoy, and Ravishankara, 1890 PLP-LIF (b)
3.0x10* at 0.032 bafN,] 298
7.8x10° at 0.031 bafHe] 298 Diau and Lee, 1991 PLP-LIF (c)
1.3x10° at 0.043 bafAr] 246
Reviews and Evaluations
4.8x107 ¥ [N,] 298 IUPAC, 1997 (d)
1.6x 1078 exp(—5160M) [N,] 250-300

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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(b)

(©

EVALUATED KINETIC AND PHOTOCHEMICAL DATA

Comments

Photolysis at 298 K in mixtures of G&nd He, N, air,
or O,. Pressure range 87—920 mk&6—-690 Tor). A
value of K, (297 K)=1.39x10 " cm® molecule !
was obtained for the equilibrium HO+ CS,
= HOCS, as well asK, (247 K) = 3.5x10 6 cnm®
molecule L.

Photolysis of HO, at 248 nm and 266 nm in
He-N,—CS, or He-SE-CS, mixtures. Pressure
range=12—-80 mbar (9-60 Tory. The effect of
0, [0.7—-20 mbar0.5-15 Torf] on the rate was stud-
ied. K. (299 K)=1.7x10" " cm® molecule !, K. (274
K)=7.5x10 " cm® molecule !, andK (249 K)=5.1
X 10~ %6 cm® molecule * were obtained for the equilib-
fium HO + CS, = HOCS,.

Photolysis of HO, at 248 nm in mixtures of CSand
He or Ar. Pressure range 12—360 m@&+27Q Torr of
He. The effect of Cgon the rate was studiet(. (298
K)=0.87x10"1" cm® molecule’!, K, (273 K)=4.2
X 10" cm® molecule * andK, (249 K)=2.6x 1016
cm® molecule ! were obtained for the equilibrium HO
+ CS,= HOCS.

1447

See Comments on Preferred Values.

(d)
Preferred Values

ko=4.8x10 [N,] s™! at 298 K.
ko=1.6x10"°® exp(—5160M) [N,] s ! over the tempera-
ture range 250-300 K.

Reliability
Alog ky==*0.5 at 298 K.
A(E/R)= =500 K.

Comments on Preferred Values

The preferred values are based on a falloff representation
from Refs. 1 and 2 of the data for the reverse process HO
+ CS, + M — HOCS, + M and the determination of the
equilibrium constant from the same work. The data from
Ref. 3 are not consistent with this evaluatiomith differ-
ences of about a factor of).2HOCS, formation and disso-
ciation are characterized by an equilibrium constant of
K.=5.16x 10" 2° exp(5160M) cn® molecule %, such as de-
rived from the data of Ref. 2. The preferred values are iden-
tical to those in our previous evaluation, IUPAC, 1997.

High-pressure rate coefficients

Rate coefficient data

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

3.1x10* at 0.907 bafN,] 252 Hynes, Wine, and Nicovich, 1988 PLP-LIF (a)

6.5x 10" at 0.913 bafN,] 270

2.2x10° at 0.880 bafN,] 297

7.4x 10* at 200 mbarfAr] 298 Bulatovet al, 1988 PLP-LIF (b)
Reviews and Evaluations

4.8xX10° 298 IUPAC, 1997 (o)

1.6x 10" exp(—5160M) 250-300

(@
(b)

(©

Comments

See commenta) for k.
Photolysis of Q in the presence of O, CS,, and Ar.

Rate of HOCS formation and decomposition mea-
sured and evaluated with an equilibrium constant o

Kc.=2.6x 10" cm® molecule *.
See Comments on Preferred Values.

Preferred Values

k,=4.8x10° s ! at 298 K.
k.=1.6x 10" exp(—5160M) s ! over the temperature

range 250-300 K.

Reliability
Alog k,==*0.5 at 298 K.
A(E/R)= =500 K.

1;Comments on Preferred Values

The preferred values are based on the falloff extrapolation
of the data for the reverse reaction and the equilibrium con-
stant K,=5.16x 10 2% exp(5160M) cm® molecule ! from
Ref. 2, and are identical to those in our previous evaluation,
IUPAC, 19974 Falloff curves are constructed with an esti-
mated value of;=0.8. The small pre-exponential factor of
k., can be explained theoretically as being due to the low
bond energy of HOCS For discussion of the mechanism see
Refs. 1, 2 and 6-9.
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References 4IUPAC, Supplement V, 1997ee references in Introduction
5V. P. Bulatov, S. G. Cheskis, A. A. logansen, P. V. Kulatov, O. M.
Sarkisov, and E. Hassinen, Chem. Phys. LE3 258 (1988.

1A. J. Hynes, P. H. Wine, and J. M. Nicovich, J. Phys. Ché®.3846 SNASA Evaluation No. 12, 1997see references in Introductipn

(1988. "CODATA, Supplement Il, 1984see references in Introductipn
2T. P. Murrells, E. R. Lovejoy, and A. R. Ravishankara, J. Phys. Clodm. 8JUPAC, Supplement lIl, 1989see references in Introduction

2381(1990. 9E. R. Lovejoy, T. P. Murrells, A. R. Ravishankara, and C. J. Howard, J.
3E. W.-G. Diau and Y.-P. Lee, J. Phys. Che®8, 379(1991). Phys. Chem94, 2386(1990.

HOCS, + O, — products

Rate coefficient data

k/cm® molecule * s 1 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.4x 10" M exd (217+ 301)/T] 251-348 Hynes, Wine, and Nicovich, 1988 PLP-LIF (a)
(3.26+0.70x 10" 295+ 1
2.6+1.0x10° 1 249-299 Murrells, Lovejoy, and Ravishankara, 1990 PLP-LIF
(2.4+0.4x 10" 273 Lovejoy, Kroeger, and Ravishankara, 1990 PLP-LIF (b)
(3.1x0.6x10 298 Diau and Lee, 1991 PLP-LIF (¢
Reviews and Evaluations
2.9x107 4 240-350 NASA, 1997 (d)
3.0x10 240-300 IUPAC, 1997 )
Comments Reliability

(@

(b)

(©

(e)

k=

The effects of He, i air, and Q were studied, and the Alog k==*0.15 over the temperature range 240-350 K.

total pressure was varied over the range 87-920 mbar

(65—690 Tory. If the rate coefficienk is assumed to be Comments on Preferred Values

temperature independent, the average of the measured The reaction of HOCSwith O, is an intermediate step in
values is(2.9+1.1)x 10" ** cm?® molecule * s~ ! over  the overall reaction of the HO radical with @8nder atmo-
the range 251-348 K. spheric conditions. The HOGSs formed by the addition of
A rate coefficient for the reaction of the DOggdical HO to CS; once formed it may undergo dissociation back to
with O, of (2.3+0.4)x 10 % cm® molecule * s at HO and C$ or react with Q.

273 K was also measurédshowing no significant deu- The four studies # of the kinetics of this reaction, all
terium isotope effect and hence no evidence for a directising the same general experimental technique, are in good
H-atom abstraction process. agreement. The rate coefficients measured by Hynes!

Values of k(HOCS, + NO)=(7.3+1.8x10°** cm®  over the temperature range 249—348 K could equally well be
molecule* s™* and k(HOCS, + NO,)=(4.2£1.0)  represented by either the Arrhenius expression in the table
X 10" cm® molegulél 57.1 were also obtained in this ¢ited with a small negative temperature dependence or by a
work. The latter is the first measurement of the rateiemperature-independent rate coefficient. The results of Mur-
coefficient for the reaction with NO The rate coeffi- o5 et 412 favor the latter. For the preferred values we as-

cient for the reaction with NO is in good agreement g me the rate coefficient to be temperature independent over

H — —12
\(’:Vr';? 2;;232 ?ﬂ;(ﬂon?;strlt\alg)b_ (1L'é§eqc')3) i(;lg at the temperature range studied and take a mean of the values
y J0¥t al. of Hyneset al,* Murrells et al.? Lovejoy et al,> and Diau

249 K. and Leée!
Based on the data of Hynes al,* Murrellset al,? and ~ ; ,
Diau and Leé. Lovejoy et al.” used LP-LIF to measure an HQadical

formation yield of 0.95-0.15(249-300 K from the reaction
of the HO radical with Cgin the presence of O(by con-
verting HG, radicals to HO radicals by reaction with NO
and used DF-CIMS to measure an S@eld from the HO
radical reaction with CS in the presence of £ of
0.90+0.20 at 340 K.

2.8x10 ¥ cm® molecule * s™1, independent of tem- ~ The main steps in the atmospheric oxidation of, @8ti-
perature over the range 240-350 K. ated by HO are then

Based on the data of Hynes al! and Murrellset al?

Preferred Values

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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HO + CS, = HOCS, These studies suggest that the reaction pathway
followed by the overall reaction HOCS, + O, - HCO+ SO, + S
HOCS, + 20, — HO, + SO, + OCS. followed by reactions of HCO and S to form HG@ CO and

SO, accounts for~15% of the overall reactiof,with the

In the atmosphere, reaction of the HOG&th O, predomi- remainder (-85% proceeding by

nates over reaction with NO or NO
The study by Stickelet al® has provided some further HOCS, + 0, — HO, + CS,0

insight into the mechanism of this complex reaction. Two

types of experiments were performed. In one, the reaction CS0 + 0, — OCS+ S,

was initiated by pulsed laser photolysis and product concerer

trations monitored in real time by tunable diode laser absorp-

tion spectroscopy. In the other, continuous photolysis was

used with FTIR product detection. Products observed were HOSO+ O, — HO, + SO,

0OCS, SQ, CO, and CQ. Both experiments gave concordant

values for the yields of OCS and CO of 0:88.08 and 0.16

HOCS, + 0, — HOSO+ OCS

+0.03, respectively. The yield of GOwvas small 0.01). HOCS, + 0, — HOCS+ SO,
The overall yield of SQ (1.15+0.10 was made up of two

components, a “prompt” value of 0.840.20 resulting from HOCS+ O, — HO, + OCS.
SO, produced in a primary channel of the reaction and a

longer time component assumed due to production of SO References

from reaction of @ with S or SO produced in another pri-

mary channel. The data of Sticket al® thus suggest two 'A. J. Hynes, P. H. Wine, and J. M. Nicovich, J. Phys. Chea). 3846
rimary channels, the major one leading to OCS ang SO ,(1988.

P y . J. 9 q 2T. P. Murrells, E. R. Lovejoy, and A. R. Ravishankara, J. Phys. Cledm.

and a minor channel leading to CO and SO. There are 5381 (1990.

number of possible reaction channels leading directly to3E. R. Lovejoy, K. S. Kroeger, and A. R. Ravishankara, Chem. Phys. Lett.

these species or to their precursors which subsequently pr04~167, 183(1990.
duce them on a very short time scale. E. W.-G. Diau and Y.-P. Lee, J. Phys. Che®5, 7726(1991).

. . SNASA Evaluation No. 12, 1997see references in Introductipn
. 9 ’
Lovejoy et al” have used DF-CIMS to investigate the sypac, supplement V, 1997see references in Introduction

products of the reaction of theBD radical with C$ in  7E.R. Lovejoy, T. P. Murrells, A. R. Ravishankara, and C. J. Howard, J.
1°0, at ~340 K, and observed the formation &i0S'®0  Phys. SChim|94, 2313]6(1990- . . ;

; ; 6 ; R. E. Stickel, M. Chin, E. P. Daykin, A. J. Hynes, P. H. Wine, and T. J.
with a_yleld of 0.90= 0:20. S QZ formation was observed, Wallington, J. Phys. Chen@7, 13653(1993.
and this may be consistent with the formation of S atoms oreg g Lovejoy, A. R. Ravishankara, and C. J. Howard, Int. J. Chem. Kinet.

SO radicalé 26, 551 (1994).
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HO + CH3SH — products

Rate coefficient data

k/cm® molecule’* s1 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
8.89x 10~ *? ex{d (398+ 151)/T] 300-423 Atkinson, Perry, and Pitts, 1977 FP-RF
(3.39+0.34x 10 * 300
1.15< 10 * exd (338+ 100/T] 244-366 Wine et al, 1987 FP-RF
(3.37£0.4)x 10" % 298
1.01X 10~ exff (347+ 59)/T] 254-430 Wine, Thompson, and Semmes, £984
3.24x10° 1 298 FP-RF
3.69x10° 1 270 Hynes and Wine, 1987 PLP-LIF (a)
3.a7x10° M 300
Relative Rate Coefficients
(9.68+0.97)x 10" 297+2 Cox and Sheppard, 1980 RR (b)
(3.72+0.37)x 10" 1* 300 Barneset al, 1986 RR (c)
(3.50+0.49x 10" * 313
Reviews and Evaluations
9.9X 10" 12 exp(3601T) 240-430 NASA, 1997 (d)
9.9x 10 2 exp(356/T) 240-430 IUPAC, 1997 )
Comments Comments on Preferred Values

(@

(©

(d)
(e

.- . The preferred values are based upon a least-squares analy-
The rate coefficients were observed to be independent. - . 1 np
sis of the absolute rate coefficients of Atkinsaral.,” Wine
of total pressure and of the presence or absence,pf O

2’3 . - .
up to 196 mbar147 Tor) O, (at 270 K or 933 mbar et al,>* and Hynes anq Winéwhich are in exceII%nt agree
ment. The recent relative rate study of Bare¢sl.°> shows
(700 Torp O, (at 300 K. - ) ;
) . that erroneous rate coefficient data are obtained in the pres-
HO radicals were generated by the photolysis of

L X f N h ing for th h high
HONO-NO-air mixtures at atmospheric pressure. Th ence of Q and NO, thus accounting for the much higher

: Kalue of Cox and SheppardThe preferred values are iden-
decay of CHSH was measured relative to that of- tical to those in our previous evaluation, IUPAC, 1597.

by GC, and the relative rate coefficient placgq onan rpe study of Hynes and Wifieshows that there is no
absolute basis by usialz of a rate C?fff'f'lem Olcobservable effect of ©on the measured rate coefficient, and
K(HO + CoHy)=8.57x10 e molecule ™ 5™ at o rate coefficients at 298 K for the reactions of the HO
297 K and atmospheric pressure of &ir. radical with CD;SH (Ref. 4 and CHSD (Ref. 3 are within
.HO radicals were g(_anerated by the photolysis g0 15% of that for HO+ CH;SH. These data indicatéthat the

in N, at atmosphen'c pressure. The decay of;6H reaction proceeds via initial addition of HO to form the ad-
was measured relative to that for propene by GC, and} CHS(OH)H.3

the relative rate coefficients placed on an absolute basis Tyndall and Ravishankat&have determined, by monitor-
by u§?20f a rate coefficient dxf(HO_+1 pr9§)ene=4.85 ing the CHS radical by LIF, a CHS radical yield from the
x10 exp504/M) ¢ molecule s™* at atmo- reaction of the HO radical with C}$H of 1.1+0.2. The

spheric pressure of ar. . reaction then proceeds by
Derived from the absolute rate coefficient data of At- HO + CHaSH — [CHyS(OH)H] — H,O + CH,S

kinsonet al,> Wine et al,>® and Hynes and Wing.

See Comments on Preferred Values.
References
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(1977.
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EVALUATED KINETIC AND PHOTOCHEMICAL DATA

HO + CH5SCH5 — H,0 + CH,SCH; (1)

— CH3S(OH)CH; (2)

Rate coefficient data (k=k,+k5)

1451

k/cm® molecule’t s* Temp./K Reference Technique/Comments
Absolute Rate Coefficients

k,=1.15x 10" ex{ —(338+ 100)/T] 248-363 Wine et al, 1982 FP-RF

k;=(4.26+0.56)x 10" *? 298

(6.28+0.10)X 1072 (1 bar of ai) 298 Hynes, Wine, and Semmes, 1986 PLP-LIF (a)

k;=1.36x 10" exy —(332+96)/T] 276-397 Hynes, Wine, and Semmes, 1086 FP-RF

k,=4.46x 10712 298

k,=1.18x 10" ! ex{f —(236+ 150)/T] 260-393 Hsu, Chen, and Lee, 1887 DF-RF (b)

k;=(5.54+0.15Xx 10" 12 298

k,;=1.35x 10" * exd —(285+ 135/T] 297-368 Abbatt, Fenter, and Anderson, 1992 DF-LIF (c)

k,=(4.98+0.46x 10 12 297+ 2

k,=(4.95+0.35%x 10 12 298 Barone, Turnipseed, and Ravishankara, 1996 PLP-LIF
Branching Ratios

k,/k=0.84*0.15 298 Stickel, Zhao, and Wine, 193 (d)
Reviews and Evaluations

ky=1.13x 10"t exp(—254/T) 248-397 Atkinson, 1994 (e

— 4
. 1.68x< 10 102] exp(7812/T) 260-360
[145.53x10 24 0,] exp(7460/T)]
k;=1.2X 10" exp(—260/T) 240-400 NASA, 199% )
k=4.8x 10" 12+{(4.1x 10 31 [0,])/ 298 IUPAC, 1997 (9) (h)
(1+4.1x102°[0,])}
ky=1.13x 10" T exp(—254/T) 250-400 (h)
k,=1.7X10"%?[0,] exp(7810M)/ 260-360 (9

{145.5X10 % 0,] exp(7460M)}

(@

(b)
(©

(d)

Comments

Detection of HO, with the effects of £being investi-
gated over the temperature range 261-321 K. The
measured rate coefficient was observed to depend lin-
early on the @ concentration, and the rate coefficient
given in the table is that measured at 1 K&60 Torp

total pressure of air. The rate coefficient measured in
the absence of Qis ascribed to reactiofi), with the
adduct formed in(2) rapidly dissociating back to the
reactants. In the presence of @is adduct reacts rap-
idly with O,, and hence the measured rate coefficient
increases with the Oconcentration. e
Rate coefficient not affected by the addition of up to
1.3 mbar(1 Torn of O,.

HO generated from the H- NO, reaction. The total
pressure was varied over the range 14.1-130 mba(l})
(10.6-97.5 Torrof N,. The measured rate coefficient
was invariant to the total pressure over this range.

For the reaction DO+ CH;SCH;, HDO was moni-
tored by tunable diode laser absorption spectroscopy,
and the branching ratio obtained by assuming a unit9
HDO yield from the DO radical reaction witithexane ~ (h)
and cyclohexane. The branching ratio was independent
of total pressure of N[13—40 mbar(10—30 Tor¥],

temperatur€298—348 K and replacement of 13 mbar
(10 Torn total pressure of plby 13 mbar total pressure
of O,. From the temporal profiles of the HDO signals,
rate coefficientk; for the reaction of the DO radical
with CH3SCH; of (5.4+0.4)x 10" 12 cm® molecule *

s 1 at 298 K and 13 mbaf10 Torp N,, (5.8+1.9)

X 10" *? cm?® molecule ! s™* at 298 K and 40 mbai30
Torr) N,, and (4.4+1.0x10 2 cm® molecule * s71

at 348 K and 13 mbaf10 Torn N, were also obtained,
in agreement with the rate coefficients for the HO radi-
cal reaction.

The rate coefficient for the abstracti¢h) was derived
from the data of Wineetal,! Hynes et al,’> Hsu

et al,®> and Abbattet al* The rate coefficient for the
addition proces$2) is that of Hyneset al?

The rate coefficient for the abstraction proc€bswas
derived from the absolute rate coefficient data of Wine
et al,! Hyneset al,’> Hsu et al,®> Abbatt et al,* and
Baroneet al®

See Comments on Preferred Values.

The rate coefficienk; was derived from the data of
Wine et al,' Hynes etal,? Hsu et al,®> and Abbatt
etal?

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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Preferred Values

k=4.8x10 1?+{(4.1x 103 [O,])/(1+4.1x 10" %° [O,]}
cm® molecule * s71 at 298 K.
k;=4.8x10" %2 cm® molecule * st at 298 K.
k,=1.13x10 ! exp(—253/T) cm® molecule * s~ over
the temperature range 240-400 K.
k,=1.7x10 %2 cm®molecule *s™* at 298 K and 1 bar
air.
k,=1.7X10 % [0,] exp(7810M)/{1+5.5x10 3 [0O,]
Xexp(7460M)} cm® molecule * s over the tem-
perature range 260—360 K.

Reliability
Alog k;==*0.10 at 298 K.
A(E,/R)=*150 K.
Alog k,==*0.3 at 1 bar of air.

Comments on Preferred Values
It is now recognizeti’®Othat this reaction proceeds via
the two reaction stepél) and (2). The CHS(OH)CH; ad-

ATKINSON ET AL.

cientsk; for the abstraction channgl) are based on the
studies of Wineet al,! Hynes et al,? Hsu et al,® Abbatt

et al,* and Baroneet al.”> and the rate coefficient for the HO
radical addition channgP) utilizes the data of Hynest al?
While the expression fdk, is strictly valid only for 0.93 bar

of air’ (where the rate coefficients for HO addition to
CH5SCH; and the reverse dissociation step may be in the
falloff region), this equation fits the room temperature data
obtained at pressures of air from 0.07 to 0.93 bar. The pre-
ferred values are almost identical to those in our previous
evaluation, IUPAC, 1997.
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HO + CH3SSCH; — products

Rate coefficient data

k/cm® molecule ® s7* Temp./K Reference Technique/Comments
Absolute Rate Coefficients
5.9x 10" 1! ex{(380+ 160)/T] 249-367 Wine et al, 1981 FP-RF
(1.98+0.189x 10" %0 298
6.2x10" ! ex(410+210/T] 297-366 Abbatt, Fenter, and Anderson, 1992 DF-LIF
(2.39£0.30x 10" %0 297
(2.4+0.9x1071° 298 Domineand Ravishankara, 1992 (@
Relative Rate Coefficients
(2.40+0.86x 10710 297+2 Cox and Sheppard, 1980 RR (b)
Reviews and Evaluations
7.0x 10" 1 exp(3501T) 249-367 Atkinson, 1994 (0
6.0x 10" 1! exp(4001T) 249-367 NASA, 1997 (d)
7.0 10"t exp(3500T) 250-370 IUPAC, 1997 (©
Comments Reliability

Alogk==*0.10 at 298 K.

(@ Discharge-flow system with photoionization-MS detec- A(E/R) = =200 K.

tion of CH;SOH and CHS product species. The tem-
poral profiles of these product species yielded the cited
rate coefficient. The CES radical formation yield from Comments on Preferred Va_lu_es . 1

the HO radical reaction with C|BSCH, was measured The absolute rate coefficients of Wirgt al,~ Abbatt

to be 0.28-0.20 using a pulsed laser photolysis systemet al,? and Domineand Ravishankafaare in excellent
with L.IF détection of CHS. The photolysis of agreement. The preferred values are derived from a least-

CH,SSCH, at 266 nm was used to normalize the {H squares analysis of the absolutg rate_ coefficients _of Wine
radical signal, with the CkS radical formation yield ©t aI:1 and Abbattet al,? and are identical to those in our
from the photolysis of CHSSCH, being 1.8-0.2 at previous g\_/aluatlon, IUPAC, .19§7?I'he magnitude of the .
248 nm?® rqte coefficient and the negative temp.er_a}ture dependence in-
(b) A rate coefficient ratio ok(HO + CHsSSCH)/k(HO dicates that the reaction proceeds by initial HO radical addi-

+ etheng=28+10 was measured by GC analyses oftion to the S atoms:

CH3SSCH, and ethene in irradiated HONO-

CH;SSCH—ethene—air mixtures at atmospheric pres- HO + CH;SSCH, — CH;SSOH)CHs.

sure. The measured rate coefficient ratio is placed on

an absolute basis by use of a rate coefficient of

k(HO + etheng=8.57x10 2 cm® molecule * s* at

297 K and atmospheric pressure of &ir. References
(c) Obtained from a least-squares analysis of the absolute

rate coefficients of Winet al* and Abbattet al? !P. H. Wine, N. M. Kreutter, C. A. Gump, and A. R. Ravishankara, J. Phys.
(d) Based on the absolute rate coefficients of Watel! Chem.85, 2660(1981).

and Abbattet al? and the room temperature relative 2J. P. D. Abbatt, F. F. Fenter, and J. G. Anderson, J. Phys. CO&rti780

L (1992.
rate coefficient of Cox and Sheppé‘rd. 3F. Domineand A. R. Ravishankara, Int. J. Chem. Kin24, 943(1992.

“R. A. Cox and D. W. Sheppard, Natu?84, 330(1980.

Preferred Values 5R. Atkinson, J. Phys. Chem. Ref. Data, Monogr&yh (1994.
6NASA Evaluation No. 12, 1997see references in Introductipn
k=2.3 x10 1 cm® molecule ! s ! at 298 K. "IUPAC, Supplement V, 1997see references in Introductipn

8A. A. Turnipseed, S. B. Barone, and A. R. Ravishankara, J. Phys. Chem.
k=7.0 X 10" ! exp(350M) cm® molecule * s™* over the o7 5926(1893_ Y

temperature range 250-370 K. °R. Atkinson, J. Phys. Chem. Ref. Data, MonogrdpHh (1989.
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HO, + H,S — products

Rate coefficient data

k/cm® molecule * s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(5+1)x 10712 298 Bulatov et al, 1990 FP-A (a)
<3x10°%® 298 Mellouki and Ravishankara, 1994 DF-LMR

Reviews and Evaluations
<3.0x10715 298 NASA, 1997 (b)

Comments for the corresponding reactions of HQvith CH;SH and
CH;SCH;. This upper limit is three orders of magnitude
lower than the value reported by Bulateval® from a flash
photolysis study using intracavity laser absorption in the near
infrared to monitor HQ. The results of the recent, more
direct study are preferred.

(@ HO, radicals were monitored by intracavity laser ab-
sorption in the near IR.
(b) Based on the results of Mellouki and RavishankKara.
Preferred Values

k<3x10" 1 cm® molecule* s™* at 298 K. References

1v. P. Bulatov, S. I. Yereshahuk, F. N. Dzegilenko, O. M. Sarkisov, and V.
Comments on Preferred Values N. Khabarov, Khim Fiz9, 1214 (1990.

This upper limit is taken from the study of Mellouki and 24 weliouki and A. R. Ravishankara, Int. J. Chem. Kiné, 355(1994.
Ravishankara.lt is consistent with the upper limits reported 3NASA Evaluation No. 12, 1997see references in Introduction

HO, + SO, — products

Rate coefficient data

k/cm® molecule * s ¢ Temp./K Reference Technique/Comments
Relative Rate Coefficients
(1.0+0.2x 10715 300 Payne, Stief, and Davis, 1973 RR (a)
<1x10°18 300 Grahamet al,, 197% RR (b)
<4.3x10°Y ~298 Burrowset al, 1979 RR (c)
Reviews and Evaluations
<1.0x10718 298 NASA, 1997 (d)
<1x10718 298 IUPAC, 1997 (e
Comments Value tabulated here was calculated using
k(HO + H,0,)=1.7x 102 cm® molecule * s (this

(@ Photolysis of HO—CO-*%0,—N, mixtures at 184.9

. ; 6.1 evaluation.
anq 253.7 hm, with formatlllozn of 0, and C°™0, (d) Accepted the upper limit to the rate coefficient of Gra-
being monitored by MSk/k*'4(HO, + HO,) was de- hamet al2

termined. The value tabulated here was calculated us(-e)
ing the effective value dk(HO, + HO,) in this system
of 4.4x 10 *? cm® molecule * s (this evaluation

(b) Thermal decomposition of HMIO, monitored by IR
absorption. Upper limit t&k derived from the absence
of a detectable effect of added $©n the HQNO,
decay rate.

(c) DF-LMR study. k/k(HO + H,0,) was determined. k<1x10 8 cm® molecule® s™! at 298 K.

See Comments on Preferred Values.

Preferred Values

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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Comments on Preferred Values References
3 .
The _measurement of Burrow_ﬂ al” confirms that the re- LW. A. Payne, L. J. Stief, and D. D. Davis, J. Am. Chem. Saf; 7614
action is slower than some earlier restilted suggested and ~ (1973.
LT ) . . .
supports the even lower upper limit set by Grahatwal,? Egﬁ,ﬁg?ﬁﬁéég% Winer, R. Atkinson, and J. N. Pitts, Jr., J. Phys.
which we take as the preferred value. The preferred value iSJ. P. Burrows, D. I. Cliff, G. W. Harris, B. A. Thrush, and J. P. T.
: : ; : : Wilkinson, Proc. R. Soc. London Ser. 268 463(1979.
identical to that in our previous evaluation, IUPAC, 1997. 4NASA Evaluation No. 12, 1997see references in Introduction
SIUPAC, Supplement V, 1997see references in Introductipn

HO, + CH3SH — products

Rate coefficient data

k/cm® molecule t s71 Temp./K Reference Technique/Comments

Absolute Rate Coefficients
<4x10°%° 298 Mellouki and Ravishankara, 1994 DF-LMR

Reviews and Evaluations
<4.0x1071° 298 NASA, 1997 (@

Comments nes et al® study of the reactions of the HO radical with
various sulfur compounds. In that publicatfotne authors
stated that previous experiments in that laboratory had
shown that the rate coefficients for reactions of H@ith
Preferred Values thiols were<1x 10 *° cnm?® molecule * s 2.

k<4x10"% cm® molecule ! s™* at 298 K.

(@ Based on the results of Mellouki and RavishanKara.

Comments on Preferred Values References

This upper limit is taken from the study of Mellouki and A, Mellouki and A. R, Ravishankara, Int 3. Chern. Kir2§, 355(1994
: H H H H . Mellouki an . R. Ravishankara, Int. J. em. Kin2§, .
Ravishankara.lt is consistent with the upper limits reported 2NASA Evaluation No. 12, 1997see references in Introduction

for the corr.esponding .reactior?s of HQwith H?S and 3. Barnes, V. Bastian, K. H. Becker, E. H. Fink, and W. Nelsen, J. Atmos.
CH3SCH;. It is also consistent with results noted in the Bar- Chem.4, 445(1986.

HO, + CH3;SCH; — products

Rate coefficient data

k/cm® molecule t s71 Temp./K Reference Technique/Comments

Absolute Rate Coefficients
<5x10°%° 298 Mellouki and Ravishankara, 1994 DF-LMR

Reviews and Evaluations
<5.0x10°1° 298 NASA, 1997 (@

Comments Preferred Values

(@ Based on the results of Mellouki and RavishanKara.  k<5x 1015 cm?® molecule ! s at 298 K.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997



1456 ATKINSON ET AL.

Comments on Preferred Values CH,SCH, to be very slow with k<1x10 ¥ cm®
This upper limit is taken from the study of Mellouki and molecule ! s™* (reported in Mellouki and Ravishankaras

Ravishankara.lt is consistent with the upper limits reported a private communication from H. Niki

for the corresponding reactions of the KHeadical with H,S

and CHSH. It is also consistent with unpublished results of

Niki, who in a study Of_the decay of CJ?"CHE in the Prés- 1A Mellouki and A. R. Ravishankara, Int. J. Chem. Kin26, 355(1994.
ence of HQ in 1 bar air showed the reaction of H@vith 2NASA Evaluation No. 12, 1997see references in Introduction

References

NO; + H,S — products

Rate coefficient data

k/cm® molecule t s71 Temp./K Reference Technique/Comments

Absolute Rate Coefficients

<3x10° % 298+2 Wallington et al,, 1986 FP-A

<8x10° 16 298 Dlugokencky and Howard, 1988 F-LIF
Relative Rate Coefficients

<3x10° 1 298 Cantrellet al, 1987 RR (a)
Reviews and Evaluations

<8.0x10716 298 NASA, 1997 (b)

<1x10°%° 298 IUPAC, 1997 (c)

Comments Comments on Preferred Values

(@ NO, radicals were generated by the thermal decompo- The preferred upper limit to the rate coefficient is based
.3 9 y e P upon the absolute rate coefficient study of Dlugokencky and
sition of N,Os, and the rate coefficient placed on an

; A Howard? and is identical to that in our previous evaluation,
absolute basis by use of an equilibrium constant for tthPAC 19975
NO; + NO, = N,Os reactions of 3.4x10 ' cm® ’ '

molecule 1. References
(b) Based upon the upper limit to the rate coefficient de-

termined by Dlugokencky and Howatd. 1T. J. wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., J. Phys.
(c) See Comments on Preferred Values. Chem.90, 5393(1986.

2E. J. Dlugokencky and C. J. Howard, J. Phys. Ch8®).1188(1988.
3C. A. Cantrell, J. A. Davidson, R. E. Shetter, B. A. Anderson, and J. G.
Calvert, J. Phys. Chen®1, 6017(1987).

Preferred Values 4NASA Evaluation No. 12, 1997see references in Introduction
SIUPAC, Supplement V, 1997see references in Introductipn
k<1x10 % cm® molecule ! s™! at 298 K. SR. Atkinson, J. Phys. Chem. Ref. D&28, 459 (1991).

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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NO; + CS, — products

Rate coefficient data

k/cm® molecule * s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
<4x10716 298 Burrows, Tyndall, and Moortgat, 1985 MM-A

Relative Rate Coefficients

<1.1x10715 297+2 Mac Leodet al, 1986 RR (a)
Reviews and Evaluations
<4.0x10716 298 NASA, 1997 (b)
<1x10° % 298 IUPAC, 1997 (c)
Comments Comments on Preferred Values

(@ NO, radicals were generated by thermal decompositiorb The preferred value is based upon the absolute study of

. : urrowset al, which is consistent with the slightly higher
0f N,O at atmospheric pressure of air. The decay rate% er limit derived by Mac Leoét al? The preferred value
of CS, and propene were monitored by FTIR absorp- PP y ) P

tion spectroscopy. The upper limit to the rate coeffi- is identical to that in our previous evaluation, IUPAC, 1997.

cient was obtained by use of a rate coefficient of
k(NO; + propeng=9.4x10 % cm® molecule 1 s7 1.4

(b) Based on the upper limit to the absolute rate coefficient
determined by Burrowst al’

(c) See Comments on Preferred Values.

References

1J. P. Burrows, G. S. Tyndall, and G. K. Moortgat, J. Phys. Ct89n4848
(1989.

2H. Mac Leod, S. M. Aschmann, R. Atkinson, E. C. Tuazon, J. A. Sweet-
man, A. M. Winer, and J. N. Pitts, Jr., J. Geophys. Fs.5338(1986.

3NASA Evaluation No. 12, 1997see references in Introduction

4IUPAC, Supplement V, 1997see references in Introductijon

Preferred Values

k<1x1071 cm® molecule* s~* at 298 K.

NO; + OCS — products

Rate coefficient data

k/cm® molecule * 571 Temp./K Reference Technique/Comments
Relative Rate Coefficients
<4.6x10°Y7 297+2 Mac Leodet al, 1986 RR (@)

Reviews and Evaluations

<1.0x1071¢ 298 NASA, 1997 (b)
<1x10716 298 IUPAC, 1997 (©
Comments (c) See Comments on Preferred Values.

(@ NOj radicals were generated by the thermal decompo- Preferred Values
sition of N,O5 at atmospheric pressure of air. The de-
cay rates of OCS and propene were monitored by FTIR
absorption spectrosopy. The upper limit to the rate co-

- i . . Comments on Preferred Values
efficient is obtained by use of a rate coefficient of = g preferred value is based upon the sole study of Mac
k(NO; + propeng=9.4x10 ° cnm® molecule 1 s71.3

e N Leod et al,> with a somewhat higher upper limit than re-
(b) Based upon the upper limit to the rate coefficient de-ported. The preferred value is identical to that in our previ-
termined by Mac Leodt all ous evaluation, IUPAC, 197%.

k<1x10 ' cm® molecule* s at 298 K.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997



1458 ATKINSON ET AL.

References 2NASA Evalution No. 12, 1997see references in Introductipn
SIUPAC, Supplement V, 1997see references in Introductipn

IH. Mac Leod, S. M. Aschmann, R. Atkinson, E. C. Tuazon, J. A. Sweet-
man, A. M. Winer, and J. N. Pitts, Jr., J. Geophys. Fs.5338(1986.

NO; + SO, — products

Rate coefficient data

k/cm® molecule * 571 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
<4x10716 298 Burrows, Tyndall, and Moortgat, 1985 MM-A
<4x10°1¢ 298+2 Wallington et al, 1986 FP-A
<1x10°Y 295+ 2 Canosa-Magt al, 1988 DF-A
<1.2x10°Y7 473 Canosa-Magt al, 1988 DF-A
<1x1071° 298 Dlugokencky and Howard, 1988 F-LIF
Relative Rate Coefficients
<7x10 % 303 Daubendiek and Calvert, 1975 RR (a)
Reviews and Evaluations
<7.0x10°2% 298 NASA, 1997 (b
<1x10°%° 298 IUPAC, 1997 (©
Comments coefficient studies of Burrowst al,® Wallington et al,?

Canosa—Maget al,>* and Dlugokencky and HowardThe
preferred value is identical to that in our previous evaluation,
IUPAC, 19978

(@ Derived from the lack of observation of S@rmation
in N,O5—SG,—0; mixtures, using IR absorption spec-
troscopy to measure the concentrations 0.SO
(b) Based upon the study of Daubendiek and Calvert. References
(c) See Comments on Preferred Values.

1J. P. Burrows, G. S. Tyndall, and G. K. Moortgat, J. Phys. Ct&9r4848

Preferred Values (1989.
27, J. Wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., J. Phys.
k<1x10 ! cm?® molecule ! s at 298 K. Chem.90, 5393(1986.

3C. Canosa-Mas, S. J. Smith, S. Toby, and R. P. Wayne, J. Chem. Soc.
Faraday Trans. 84, 247 (1988.

Comments on Preferred Values 4C. Canosa-Mas, S. J. Smith, S. Toby, and R. P. Wayne, J. Chem. Soc.
The preferred value is based upon the relative rate study ofFaraday Trans. 34, 263 (1988.

; ; ; . E. J. Dlugokencky and C. J. Howard, J. Phys. Ch82).1188(1988.
Da,Ubendlek and CaIvg?t,yvnh a much hlgher upper I_Imlt', SR. L. Daubendiek and J. G. Calvert, Environ. L&t.103(1975.
This preferred upper limit to the 298 K rate coefficient is 7yasa Evaluation 12, 1997see references in Introduction

consistent with the upper limits measured in the absolute ratélUPAC, Supplement V, 1997see references in Introductipn

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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NO3; + CH3SH — products

Rate coefficient data

k/cm® molecule * s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.0x 10" B exd (600+ 400)/T] 280-350 Wallington et al., 1986 FP-A
(8.1+0.6x10° %2 298
(7.7£0.5x 10713 298 Rahmaret al, 198 DF-MS
1.09x 10~ 12 exff (0+ 50)/T] 254-367 Dlugokencky and Howard, 1588 F-LIF
(1.09£0.13x 10" *? 298
Relative Rate Coefficients
(1.00+0.22x 10" *? 297+ 2 Mac Leodet al, 1986 RR (a)
Reviews and Evaluations
4.4x 10 B exp(210/T) 250-370 NASA, 1997 (b)
9.2x10 3 250-370 IUPAC, 1997 (©
Comments identical® The temperature independence of the rate coeffi-

(@ NOj radicals were generated by the thermal decompo-Clent determned by Dlupquencky and Hovy%usiaccepted.
sition of N,Og in N,Oz—NO,—air mixtures at atmo- The experimental data indicate that there is no pressure de-

spheric pressure. The decay rates of,6H andtrans pendence of the rate coefficient, at least over the range

D-butene were monitored by FTIR and GC 70.0013—} bar. The preferred values are identical to those

: - i oln our previous evaluation, IUPAC, 1997.
respectively, and the measured rate coefficient ratio o The maanitude of the rate coefficient and the lack of a
k(NO3+CHySH)/k(NO, +trans-2-buteng=2.57+0.55 9

is placed on an absolute basis by use of a rate Coefﬁt_emperature dependence of the rate coefficient shows that

. i _ 13 this reaction proceeds by initial addition, followed by de-
cient of k(NCl)%+tran92 buteng=3.89<10 e composition of the adduct to yield G8 radicals(see also

molecule ! s~ 2. :
(b) Derived from the absolute rate coefficient data of WaII-the data sheet on the NG- CH,;SCH; reaction

ington et al,! Rahmanet al? and Dlugokencky and NO; + CH;SH = [CH3S(ONG,)HT* — CH,S + HNO;.
Howard?

This conclusion is consistent with the product studies car-
(c) See Comments on Preferred Values. P

ried out by Mac Leocket al* and Jenseet al® Jenseret al®
identified CHSO;H (methanesulfonic acjd SO,, HCHO,

Preferred Values CH;ONO,, CH;SNO, and HNQ as products of the NO
k=9.2<10"13 cm® molecule® s, independent of radical reaction with CESH at 295-2 K and 0.9%-0.01 bar

temperature over the range 250—370 K. (74010 Torn total pressure of purified air.

L References
Reliability
=+
AIOg k==0.15 at 298 K. 17, J. wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., J. Phys.
A(E/R)= =400 K. Chem.90, 5393(1986.
2M. M. Rahman, E. Becker, Th. Benter, and R. N. Schindler, Ber. Bunsen-
Comments on Preferred Values ges. Phys. Chenti2, 91 (1988.

. 3E. J. Dlugokencky and C. J. Howard, J. Phys. Che®).1188(1988.
The preferred value at 298 K is the mean of the four stud-4.; \14¢ Leod. S. M. Aschmann, R. Atkinson, E. C. Tuazon, J. A. Sweet-

ies carried out to datk;* which are in reasonably good man, A. M. Winer, and J. N. Pitts, Jr., J. Geophys. Feds 5338(1986.
agreement. Although a significant negative temperature degNASA Evalualtion No. 12, 1%9Yseefreferences in Intéodt;gtﬂon
e i s IUPAC, Supplement V, 1997ee references in Introduction
pendenpe is |nd|calted. by the absolute rate cogfﬂuent studyR. Atkinson, J. Phys. Chem. Ref. D8, 459 (1991,
of Wallington et al,” this is due to the rate coefficient mea- sy R jensen, J. Hjorth, C. Lohse, H. Skov, and G. Restelli, J. Atmos.

sured at 350 K, and the rate coefficients at 280 and 298 K areChem.14, 95 (1992.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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N03 + CHSSCHS e CHgsCHQ + HN03

Rate coefficie

nt data

k/cm® molecule? st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(1.0+0.2)x 10712 278-318 Tyndall et al., 1986 MM-A
(9.9+3.5)x10° 12 298
(7.5+0.5)x 103 298+ 2 Wallington et al,, 1986 FP-A
4.7x10° 13 exg (170+130)/T] 280-350 Wallington et al,, 1986 FP-A
(8.1x1.3)x10° 13 298+2
1.79<10 23 exd (530+40)/T] 256-376 Dlugokencky and Howard, 1988 F-LIF
(1.06-0.13)x10 12 298
(1.3+0.3)x10°*? 298+1 Daykin and Wine, 1990 PLP-A
Relative Rate Coefficients
(9.92+0.20)x 10713 296+ 2 Atkinsonet al, 1984 RR (a)
Reviews and Evaluations
1.9X 107 % exp(5001) 250-380 NASA, 1997 (b)
1.9x 10" 13 exp(520T) 250-380 IUPAC, 1997 (c)

Comments

(@ NOj radicals were generated by the thermal decompo
sition of N,Os in air at 1 atm total pressure. The con-

centrations of CHSCH; andtrans-2-butene were mea-

sured by GC, and the measured rate coefficient ratio of’

k(NOz + CH3SCH;)/k(NO3 + trans2-buteng=2.55
+0.05 are placed on an absolute basis by use of a ra
coefficient of k(NO; + trans-2-buteng=3.89x 10~ 13
cm® molecule! s at 296 K®

Derived from the absolute rate coefficients of Tyndall
etal,! Wallington etal,® and Dlugokencky and
Howard?

See Comments on Preferred Values.

(b)

(©

Preferred Values

k=1.1x10"*? cm® molecule ! s at 298 K.
k=1.9x10 3 exp(520MT) cm® molecule ! s7!
the temperature range 250-380 K.

over

Reliability
Alog k==*0.15 at 298 K.
A(E/R)==*=200 K.

Comments on Preferred Values

The absolute ® and relativé rate coefficient studies are
in reasonable agreement, although the data of Wallingto
et al?® are~20% lower than the other datd. ® The abso-
lute rate coefficients measured by Tyndatlal,® Dlugo-
kencky and Howard,and Daykin and Wireand the relative
rate coefficient of Atkinsoret al® have been fitted to an

Arrhenius expression to obtain the preferred values. The ex;

ferred values are identical to those in our previous evalua-
tion, IUPAC, 1997
" The magnitude of the rate constant and the negative tem-
perature dependence indicates that this reaction proceeds by
initial addition of the NQ radical to the S atom. The kinetic
data of Daykin and Wirteand Jenseet all° for CH;SCH,
and CD,SCD; show that the rate determining step involves
- (or D-) atom abstraction, indicating that the reaction is

NO; + CH;SCH;=[CH;S(ONO,)CH,J*
i

CH,SCH, + HNO;.

This conclusion is consistent with the product studies
of Jensenetall®'! and Butkovskaya and Le Bras.
Butkovskaya and Le Brad$ used a DF-MS technique to
show that the alternative reaction pathway yielding
CH3SONO, + CH; accounts for<2% of the overall reac-
tion at 298 K and 1.3 mbafl Torr) total pressure.

References

1G. s. Tyndall, J. P. Burrows, W. Schneider, and G. K. Moortgat, Chem.
Phys. Lett.130, 463 (1986.

2T. J. Wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., J. Phys.
Chem.90, 4640(1986.

3T. J. Wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., J. Phys.
Chem.90, 5393(1986.

4E. J. Dlugokencky and C. J. Howard, J. Phys. Che#).1188(1988.

SE. P. Daykin and P. H. Wine, Int. J. Chem. Kin&g, 1083(1990.

fR. Atkinson, J. N. Pitts, Jr., and S. M. Aschmann, J. Phys. Ci8gm.584
(1989.

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

8|UPAC, Supplement V, 1997see references in Introductipn

R. Atkinson, J. Phys. Chem. Ref. D28, 459 (1997).

0N, R. Jensen, J. Hjorth, C. Lohse, H. Skov, and G. Restelli, J. Atmos.

Chem.14, 95 (1992.

N. R. Jensen, J. Hjorth, C. Lohse, H. Skov, and G. Restelli, Atmos. En-

perimental data show that the rate coefficient is independenty;ion, 254, 1897(1991).

of total pressure over the range0.0013-1 bar. The pre-
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NO3; + CH3SSCH3; — products

Rate coefficie

nt data

k/cm® molecule? st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.9x 10" 1 exq (290+ 50)/T] 280-350 Wallington et al,, 1986 FP-A
(4.9+0.8)x10 3 298+ 2
7.4x107 1% exg (0+200)/T] 334-382 Dlugokencky and Howard, 1988 F-LIF
(7.4+1.5)x10° 13 298
Relative Rate Coefficients
(See comment 2972 Mac Leodet al, 1986 RR ()
Reviews and Evaluations
1.3x10 2 exp(—270I) 280-380 NASA, 1997 (b)
7x10° 5 300-380 IUPAC, 1997 (©
Comments cent study of Atkinsoret al® shows that this was due to
. complexities in the experimental system used. Accordingly,
(@ NO; radicals were generated by the thermal decompo: b P Y gy

sition of N,Os in N,O5—NO,—air mixtures at
atmospheric pressure. The relative decay rates
CH3;SSCH;, and trans-2-butene were monitored by
FTIR spectroscopy and GC, respectively. However, th
more recent study of Atkinsoet al® has shown that

reliable rate coefficient data cannot be obtained from

the chemical system used by Mac Leetdal?

(b) Derived from the absolute rate coefficients of Walling-
ton et al! and Dlugokencky and Howard.
(c) See Comments on Preferred Values.

Preferred Values

k=7x10"13 cm® molecule ! s, independent of tem-
perature over the range 300—-380 K.

Reliability
Alogk==0.3 at 298 K.
A(E/R)= %500 K.

Comments on Preferred Values
The two absolute studit$ are in reasonable agreement

with respect to the room temperature rate coefficient. While

the reported rate coefficient from the relative rate stusgs

)

e

the preferred values are based upon the absolute rate studies,
rfmd mainly on the data of Dlugokencky and HowAndith

the error limits being sufficient to encompass the data of
Wallingtonet al! The preferred values are identical to those

in our previous evaluation, IUPAC, 1997.

As for the NG radical reactions with CESH and
CH3SCH;, the NG; radical reaction with CESSCH, is ex-
pected to proceed by initial addition, followed by decompo-
sition of the addition addugf

NO; + CH;SSCH, = [CH;SSONO,)CH,J*
!
CH,S + CH3SO + NO,.

References

7. J. Wallington, R. Atkinson, A. M. Winer, and J. N. Pitts, Jr., J. Phys.
Chem.90, 5393(1986.

2E. J. Dlugokencky and C. J. Howard, J. Phys. Ches.1188(1988.

3H. Mac Leod, S. M. Aschmann, R. Atkinson, E. C. Tuazon, J. A. Sweet-
man, A. M. Winer, and J. N. Pitts, Jr., J. Geophys. Fs.5338(1986.

4“NASA Evaluation No. 12, 1997see references in Introductipn

SIUPAC, Supplement V, 1997see references in Introductipn

5R. Atkinson, S. M. Aschmann, and J. N. Pitts, Jr., J. Geophys. 8&s.
7125(1988.

’N. R. Jensen, J. Hjorth, C. Lohse, H. Skov, and G. Restelli, J. Atmos.

an order of magnitude lower than the absolute data, the re-Chem.14, 95(1992.
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HS + O, — products

Rate coefficient data

k/cm® molecule? st Temp./K Reference Technique/Comments
Absolute Rate Coefficients
<4x10°Y 298 Black, 1984 PLP-LIF
<1x10 Y 298 Friedl, Brune, and Anderson, 1985 DF-LIF
<1x10* 298 Schoenle, Rahman, and Schindler, £987 DF-MS
<4x10°%° 298 Stachnik and Molina, 1987 PLP-UVA
<1.5x10°Y 295 Wang, Lovejoy, and Howard, 1987 DF-LMR
Reviews and Evaluations
<4.0x1071° 298 NASA, 1997 (@
<4x10°%° 298 IUPAC, 1997 (b)
Comments nik and Molina® which gives the lowest upper limit and

appears reliable. The preferred value is identical to that in

(@ Accepted the upper limit determined by Stachnik andOur previous evaluation, IUPAC, 1997,

Molina?

(b) See Comments on Preferred Values.
References

Preferred Values
1G. Black, J. Chem. Phy&0, 1103(1984).

k<4x1071 cm® molecule! s 1 at 298 K. 2R. R. Friedl, W. H. Brune, and J. G. Anderson, J. Phys. CH&9n5505
(1985.
3G. Schoenle, M. M. Rahman, and R. N. Schindler, Ber. Bunsenges. Phys.
Comments on Preferred Values Chem.91, 66 (1987.

The reaction of HS with @is so slow that attempts to ‘R. A. Stachnik and M. J. Molina, J. Phys. Che®q, 4603 (1987.

.. - - . 5 i
measure the rate coefficient have yielded only upper limits ﬁ'ggjwa”g' E. R. Lovejoy, and C. J. Howard, J. Phys. Chin5743
- 19 17 1
that fall in the range & 10~ *°-4x10"*" cm® molecule SNASA Evaluation No. 12, 1997see references in Introductjon

s 1at298 K. The preferred value is from the study of Stach- "IUPAC, Supplement V, 1997ee references in Introductipn

HS + 05 — HSO + O,

AH°=-290 kJmol?

Rate coefficient data

k/cm® molecule’? s7? Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(3.2¢1.0)x107*? 298 Friedl, Brune, and Anderson, 1985 DF-LIF
(2.9£0.6)x 10712 298 Schoenle, Rahman, and Schindler, 19&&hindler and Benter, 1998 DF-MS
1.1} 107 exd —(280+50)/T] 296-431 Wang and Howard, 1990 DF-LMR
(4.39+0.88)x 10" 12 298
Reviews and Evaluations
9.0x 10" 12 exp(—280IT) 290-440 NASA, 1997 (@
9.5x1071? exp(—280IT) 290-450 IUPAC, 1997 (b)
Comments (b) See Comments on Preferred Values.

(@ The temperature coefficient was taken from Wang and
Howard? The pre-exponential factor was based on the
studies of Friedet al,* Schoenleet al? (as revised by
Schindler and Bent&y and Wang and Howardl. k=3.7X10"2 cm® molecule® s ! at 298 K.

Preferred Values

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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k=9.5x10 12 exp(—280T) cm® molecule! st dependence df, and in view of the complexity of the sec-
over the temperature range 290-440 K. ondary chemistry in these systems, substantial error limits
are assigned. The preferred values are identical to those in
Reliability our previous evaluation, IUPAC, 1947.

Alogk==*0.2 at 298 K.
A(E/R)==*=250 K.
References

Comments on Preferred Values

The value&34 of k at 298 K agree reasonably well. A !R. R. Friedl, W. H. Brune, and J. G. Anderson, J. Phys. CH89n5505

. ' (1985.

mean of the values from the three studftSis taken as the 2G. Schoenle, M. M. Rahman, and R. N. Schindler, Ber. Bunsenges. Phys.
preferred value. There is only one measurement of the tem-chem.91, 66 (1987.
perature coefficierftwhich is the basis of the recommended °R. N. Schindler and Th. Benter, Ber. Bunsenges. Phys. CB@m558

expression, with the pre-exponential factor chosen to fit the4§\llggawang and C. J. Howard, J. Phys. Che, 8787(1990

reco_mmended _Value &f at 298 K. ) ) SNASA Evaluation No. 12, 1997see references in Introductipn
Since there is only one determination of the temperature®lUPAC, Supplement V, 1997see references in Introductijon

HS + NO + M — HSNO + M

AH°=-139 kJmol™*

Low-pressure rate coefficients

Rate coefficient data

ko/cm® molecule* s7! Temp./K Reference Technique/Comments
Absolute Rate Coefficients
2.7x 103 (T/300) 248 [N,] 250-445 Black et al, 1984 PLP-LIF (a)
(1.4+0.13)x 10 %0 [Ar] 293 Bulatov, Kozliner, and Sarkisov, 1985 PLP (b)
Reviews and Evaluations
2.4x1073% (T/300) 39 [air] 250-300 NASA, 199¥ (©
2.4x1073% (T/300) 25[N,] 200-300 IUPAC, 1997 (d)
Comments Preferred Values

(@ Detection of HS at 354.5 nm. The pressure dependence ko=2.4x 103" (T/300) %% [N,] cm® molecule* s!
was studied over the range 40-1013 mi@®—760 over the temperature range 250—300 K.
Torr). The falloff curve was represented wikh.=0.6
and k., =2.8x 1(.)*ll cnﬁ molecule ! s~ 1. Theoreti- Reliability
cal modeling with the giverAH®. Alog k,==0.3 at 298 K.

(b) Intracavity laser spectroscopic detection of HSO radi- A= +1
cals at 583 nm in photolyzed j9—NO—-NQ—Ar mix-
tures, with HSO radicals being formed from the reac-
tion HS + NO,. Measurements were carried out at 16
mbar (12 Torn total pressure.

(c) Based on the data of Blaak al?

(d) See Comments on Preferred Values.

Comments on Preferred Values

The preferred temperature-dependent measurements from
Ref. 1 give a consistent picture for the association reaction,
and the preferred values are identical to those in our previous
evaluation, IUPAC, 1997.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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High-pressure rate coefficients

Rate coefficient data

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

(2.7+0.5)x 10" 1! 250-300 Black et al, 1984 PLP-LIF (a)
Reviews and Evaluations

2.7x107 % 250-300 NASA, 1997 (b)

2.7x10° 1 200-300 IUPAC, 1997 (0

Comments

(@ See commenta) for k.
(b) Based on the data of Blaak al
(c) See Comments on Preferred Values.

Preferred Values

k,=2.7<10 1! cm® molecule! s™!, independent of
temperature over the range 250—-300 K.

Reliability
Alog k,=0.5 over the temperature range 250-300 K.

Comments on Preferred Values

The falloff extrapolation withF.=0.6 of Ref. 1 towards
k.. appears less certain than kg. The preferred values are
based on the data of Blagk al,! and are identical to those
in our previous evaluation, IUPAC, 1997.

References

1G. Black, R. Patrick, L. E. Jusinski, and T. G. Slanger, J. Chem. Ftys.
4065(19849.

2V. P. Bulatov, M. Z. Kozliner, and O. M. Sarkisov, Khim Fi#, 1353
(19895.

3NASA Evaluation No. 12, 1997see references in Introductipn

4IUPAC, Supplement V, 1997see references in Introductijon

HS + NO, — HSO + NO

AH°=-90 k3mol™*

Rate coefficient data

k/cm® molecule! s7? Temp./K Reference Technique/Comments

Absolute Rate Coefficients
(3.5£0.4)x107 ¢ 298 Black, 1984 PLP-LIF
(2.4+0.2)x10" 1! 293 Bulatov, Kozliner, and Sarkisov, 1984 PLP-A (a)
(3.0£0.8)x107* 298 Friedl, Brune, and Anderson, 1985 DF-LIF
(8.6+0.9)x107 ! 298 Schoenle, Rahman, and Schindler, 1987 DF-MS
(4.8+1.0)x10™ 11 298 Stachnik and Molina, 1987 PLP-UVA
2.9x10 1! exp(237T) 221-415 Wang, Lovejoy, and Howard, 1§87 DF-LMR
(6.7=1.0)x10 ¢ 298

Reviews and Evaluations
2.9x107 ! exp(240T) 220-420 NASA, 1997 (b)
2.6x107 ! exp(240T) 220-450 IUPAC, 1997 (©

Comments Preferred Values

(@ HSO radical product was monitored by intracavity la-

ser absorption at 583 nm.
(b) Accepted the value of Wanet al®
(c) See Comments on Preferred Values.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997

k=5.8x10 1! cm® molecule * s™! at 298 K.
k=2.6x10 1! exp(240T) cm® molecule * s™! over the
temperature range 220-420 K.
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Reliability The absence of any pressure effect on the rate constant at
Alogk==0.3 at 298 K. pressures up to 0.96 Barindicates that any addition channel
A(E/R)=*200 K. is unimportant up to these pressures.

Comments on Preferred Values

There is considerable scatter in the measured values of
k'~ 6 with no obvious correlation with the conditions used or
the technique. The presence of H atoms in the system is
known to lead to complicating secondary chemistry, and,

f the differences may be due to this, particularl G- Black, J. Chem. Phy$i0, 1103(1984.
Some 0 Yy . » P Y2y, p. Bulatov, M. Z. Kozliner, and O. M. Sarkisov, Khim. Fig, 1300
where HS has been generated by photolysis £8.Hn more (1984.
recent studies® care has been taken to eliminate or model °R. R. Friedl, W. H. Brune, and J. G. Anderson, J. Phys. CI&9n5505
N i . . _ (1985.

?UCh effeICtS’ but Slgmf.lcarr:t dlfferencfesh still pelrSIStf. The En?k“G. Schoenle, M. M. Rahman, and R. N. Schindler, Ber. Bunsenges. Phys.
erred Vfa ue at 298 K'is t g mean of the results O. Stac ) ni Chem.91, 66 (1987, revised by R. N. Schindler and Th. Bentiaid. 92,
and Molina and Wanget al® The temperature coefficient is 558 (1988.
that of Wanget al® and the pre-exponential factor is ad- ZR- A. Stachnik and M. J. Molina, J. Phys. Che®1, 4603 (1987).
justed to fit the recommended value bfat 298 K. The . S:Wang, E. R. Lovejoy, and C. J. Howard, J. Phys. Chén5743
preferred values are identical to those in our previous evalu<yasa Evaluation No. 12, 1997see references in Introduction
ation, IUPAC, 19972 8|UPAC, Supplement V, 1997see references in Introduction

References

HSO + O, — products

Rate coefficient data

k/cm® molecule’* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
<2.0x10°Y7 296 Lovejoy, Wang, and Howard, 1987 DF-LMR
Reviews and Evaluations
<2.0x107Y7 298 NASA, 1997 (@
<2.0x10°Y 298 IUPAC, 1997 (b)
Comments Comments on Preferred Values

The reaction is slow and only an upper limitkds avail-
able! The preferred value is identical to that in our previous
evaluation, IUPAC, 1997.

(a Based on the rate coefficient of Lovejey al?
(b) See Comments on Preferred Values.

References
1E. R. Lovejoy, N. S. Wang, and C. J. Howard, J. Phys. Ch@m5749
Preferred Values (1987.
2NASA Evaluation No. 12, 1997see references in Introduction
k<2.0x10 ¥ cm® molecule * s™* at 298 K. 3|UPAC, Supplement V, 1997see references in Introduction
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AH°(1)=4 kJmol™*
AH°(2)=-94 k}mol™*
AH°(3)=—361 kJmol™*

HSO + O; — HS + 20,

ATKINSON ET AL.

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

@

—SHO+SO+0, (2

k/cm® molecule* s7* Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1.1x10 3 297 Wang and Howard, 1990 DF-LMR
ky=7x10"% 297
ky=2.1x 1012 exd — (1120*+320)/T] 273-423 Lee, Lee, and Wang, 1894 DF-LIF/A
ks=(4.7+1.0)x10" 14 298
Relative Rate Coefficients
1.1x10 298 Friedl, Brune, and Anderson, 1§85 RR (a)
Reviews and Evaluations
1.0x10 298 NASA, 1997 (b)
1.1x10713 298 IUPAC, 1997 (©
k;=6x10"* 298
ky=5x10"1 298

Comments

(@ Discharge flow system. The HS O; reaction was
studied with HS radicals being monitored by LIF. Ad-
dition of O; gave an initial decrease ifHS], which
finally attained a steady state indicating regeneration o
HS, postulated to be by the HS© O; reaction. A rate
coefficient ratio ok/k(HS + O3)=0.031 was obtained
and placed on an absolute basis by usek@fS
+ 03)=3.7x10" 2 cm® molecule ! s ! (this evalua-

tion).

(b) Based on the studies of Wang and Howaadd Friedl

etald

channel(1) giving HS as a product, which subsequently re-

generates HSO by reaction with the @Present. However,
in our recommendations the rate coefficients measured by
Lee et al? are assigned to channés) on the grounds that
Friedl et al3 could not detect HO productiofthannel(2)];
some further support for chann@) comes from the work of
Lovejoy et al® who found that HSQ is readily formed by
the HSO+ NO, reaction.

The value at 298 K ok, obtained by Leeet al? is com-

(c) See Comments on Preferred Values.

Preferred Values

k=1.1x10"*2 cm® molecule * s™* at 298 K.
k,=6x10 1 cm® molecule * s™* at 298 K.
ky=5x10"*cm® molecule ! s™* at 298 K.

Reliability
Alogk==*0.2 at 298 K.
Alogk;==0.3 at 298 K.
Alog ks==*0.3 at 298 K.

Comments on Preferred Values

In the recent study by Leet al.? the rate coefficient mea-

patible within the assigned error limits with the overall rate
coefficient and the value of ky(7x10 * cn?®
molecule ! s™1) determined by Wang and Howatd.

Although Leeet al? measured a temperature coefficient
for k3, the preferred values are only given at 298 K until
further studies are made on the effects of temperature on all
of the rate coefficients. The preferred values are identical to
those in our previous evaluation, IUPAC, 1997.

References

IN. S. Wang and C. J. Howard, J. Phys. Ch&#%.8787(1990.

2Y.-Y. Lee, Y.-P. Lee, and N. S. Wang, J. Chem. PHy&0, 387 (1994).

3R. R. Friedl, W. H. Brune, and J. G. Anderson, J. Phys. CH&9n5505
(1985.

4NASA Evaluation No. 12, 1997see references in Introduction
SIUPAC, Supplement V, 1997see references in Introduction

8E. R. Lovejoy, N. S. Wang, and C. J. Howard, J. Phys. Ch@m5749

sured is that for HSO removal by all channels other than (1987.
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HSO + NO — products

Rate coefficient data

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

(2.6+0.4)x 10" 14 293 Bulatov, Kozliner, and Sarkisov, 1985 PLP-A (a)

<1.0x10°%® 298 Lovejoy, Wang, and Howard, 1987 DF-LMR
Reviews and Evaluations

<1.0x10°1® 298 NASA, 1997 (b)

<1.0x10715 298 IUPAC, 1997 (©

Comments from secondary chemistry in their HSO source which em-

ployed relatively large kIS concentrations. Provisionally, the
upper limit to the rate coefficient reported by Lovejetyal?

is preferred. The preferred value is identical to that in our
previous evaluation, [UPAC, 1997.

(@ HSO radicals monitored by intracavity laser absorption
at 583 nm.

(b) Accepted the results of Lovejost al?

(c) See Comments on Preferred Values.

Preferred Values
References

k<1.0x10"*® cm® molecule * s™* at 298 K.
1v. P. Bulatov, M. Z. Kozliner, and O. M. Sarkisov, Khim. Fiz, 1353
Comments on Preferred Values ,a98y.
The only two available measurements lofdiffer by at & R: Lovejoy, N. S. Wang, and C. J. Howard, J. Phys. CH@in5749
least a factor of 26. This is unlikely to be due to the higher syasa Evaluation No. 12, 1997see references in Introduction
pressures used in the Bulat@t al! study, but may arise “IUPAC, Supplement V, 1997see references in Introduction

HSO + NO, — products

Rate coefficient data

k/cm® molecule’ s71 Temp./K Reference Technique/ Comments
Absolute Rate Coefficients
4x10°12 293 Bulatov, Kozliner, and Sarkisov, 1984 PLP-A (a)
(9.6+2.4)x 10712 298 Lovejoy, Wang, and Howard, 1987 DF-LMR
Reviews and Evaluations
9.6x10°1? 298 NASA, 1997 (b)
9.6x 10 12 298 IUPAC, 1997 (0
Comments Reliability

(@ HSO radicals monitored by intracavity laser absorption Alogk==0.3 at 298 K.

at 583 nm.

(b) Accepted the rate coefficient of Lovej@y al? Comments on Preferred Values

(c) See Comments on Preferred Values. The only two measurements bfdiffer by at least a factor
of 2. Lovejoy et al? have suggested that the relatively high
H,S concentrations used by Bulatev al! may have led to
side reactions regenerating HSO. The value of Lovejoy
et al? is preferred, but wide error limits are assigned await-

Preferred Values ) , . e .
ing confirmatory studies. The preferred value is identical to
k=9.6x10 2 cm® molecule * s at 298 K. that in our previous evaluation, IUPAC, 1997.
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HO, was observed as a product of the reaction by Lovejoy

ATKINSON ET AL.

References

et al,? which they suggest arises from the reaction sequence

HSO + NO, — HSO, + NO

HSO, + O, — HO, + SO.

1v. P. Bulatov, M. Z. Kozliner, and O. M. Sarkisov, Khim. Fig, 1300
(1984.

2E. R. Lovejoy, N. S. Wang, and C. J. Howard, J. Phys. Ch&@m5749
(1987.

3NASA Evaluation No. 12, 1997see references in Introductipn

4IUPAC, Supplement V, 1997see references in Introductijon

HSO, + O, — products

Rate coefficient data

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

3.0x10713 296 Lovejoy, Wang, and Howard, 1987 DF-LMR
Reviews and Evaluations

3.0x10° %3 298 NASA, 1997 (@

3.0x10 18 298 IUPAC, 1997 (b)

Comments

(@ Based on the rate coefficient of Lovejey al’l

(b) See Comments on Preferred Values.

Preferred Values

k=3.0x10 2 cm® molecule * s™* at 298 K.

Reliability
Alogk==*0.8 at 298 K.

AH°=-52.6 kJmol™*

Comments on Preferred Values

There is only one study of this reactiéimhe method used
to obtain the rate coefficient was indirect, and this leads us to
suggest substantial error limits despite the high quality of the
experimental work. The preferred value is identical to that in
our previous evaluation, IUPAC, 19§7.

References

LE. R. Lovejoy, N. S. Wang, and C. J. Howard, J. Phys. CH@in5749
(1987.

2NASA Evaluation No. 12, 1997see references in Introductipn

SIUPAC, Supplement V, 1997see references in Introductipn

SO + 0,— S0, + O

Rate coefficient data

k/cm® molecule’* s71 Temp./K Reference Comments
Absolute Rate Coefficients
(1.07+0.16)x 1016 298 Black, Sharpless, and Slanger, 1982 (@
2.4x 101 exf[ — (2370°20)/T] 230-420 Black, Sharpless, and Slanger, £982 @
8.4x10° Y 298
1.00< 10" 23 exd — (2180+ 117)/T] 262-363 Goede and Schurath, 1983 (b)
6.7x10° Y7 298
Reviews and Evaluations
2.6x 1073 exp(— 24001) 230-420 NASA, 199% (©
1.6X 10" 2 exp(— 22801 230-420 IUPAC, 1997 (d)
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Comments Reliability

Pulsed laser photolysis of SCat 193 nm, with SO 21@;;52;3061:(298 K,
radicals being detected by chemiluminescence from - '

the SO+ Oj reaction. Pseudo-first-order decays of SO
were monitored in the presence of excess Dotal Comments on Preferred Values

pressure=133—667 mbaf100-500 Torr of O, + He. Th!s_ reaction is very slow and measurement of the rate
SO produced from the @ OCS reaction in a flow coefficientk is subject to errors due to impurities. For this

1,2 H
system. Controlled admission of SO radicals to a stati¢ €ason: B_Iaclet al.>"favor their lower value ok at 298 K
obtained in the temperature dependence sfutlie Goede

volume where the pseudo-first-order decay of SO in )
excess @ was followed by SO+ O chemilumines- and Schurath values are systematically about 35% lower
cence. Total pressured.0013—0.27 mbar(1-200 than those from Ref. 2, but appear to have less experimental
mTorr). O,. Only an Arrhénius ex.pression was given uncertainty at temperatures300 K. The preferred value for
with no individual rate coefficients at the temperaturesthe rate coefficienk at 298 Kzand for the temperature de-
studied. pendence are from Blackt al> and Goede and Schurath.
The A factor has been adjusted to give the preferred 298 K
rate coefficient. The preferred values are identical to those in

our previous evaluation, IUPAC, 1997.

Based on the work of Blackt all?
See Comments on Preferred Values.

References
1G. Black, R. L. Sharpless, and T. G. Slanger, Chem. Phys. 96tt55

Preferred Values 2(1982.
G. Black, R. L. Sharpless, and T. G. Slanger, Chem. Phys. 2&tt598

k=7.6x10"1 ¢cm® molecule’* s at 298 K. (1982.

3H.-J. Goede and U. Schurath, Bull. Soc. Chim. B&g. 661 (1983.

_ —13
k=1.6x10" " exp(—22801) over the temperature range 4Nasa Evaluation No. 12, 1997see references in Introduction

230-420 K. SIUPAC, Supplement V, 1997see references in Introduction

SO+03—>802+02

AH°=-4445 kJmol™*

Rate coefficient data

k/cm® molecule’ ! s71 Temp./K Reference Comments

Absolute Rate Coefficients
2.5x107 12 exd — (1057+202)/T] 223-300 Halstead and Thrush, 1966 DF-CL
7.2x10 298
(8.7+1.6)x10" 1 296+ 4 Robertshaw and Smith, 1980 PLP-CL
(1.06+0.16)x 10 %3 298 Black, Sharpless, and and Slanger, $982 (@
4.8x107 2 exy — (1170°3%)/T] 230-420 Black, Sharpless, and Slanger, 1982 @
9.46x10™ 1 298

Reviews and Evaluations
3.6x 10 12 exp(— 1100m) 220-420 NASA, 1997 (b)
4.5xX 10" 12 exp(— 1170M) 230-420 IUPAC, 1997 (©

Comments Preferred Values
(@ Pulsed laser photolysis of $60; mixtures at 193 nm k=8.9x10"* cm® molecule ! s 1 at 298 K.

(b)
(©

with SO, being monitored by CL from the S© O3 k=4.5x 10" 12 exp(— 1170) cm® molecule * s™* over
reaction. Excess Pwas determined by UV absorption. the temperature range 230—420 K.

The total pressure267 mbar(200 Torp of He.

Based on the studies of Halstead and ThruBtobert- Reliability

shaw and Smitf,and Blacket al3* Alogk==0.1 at 298 K.
See Comments on Preferred Values. A(E/R)=*150 K.
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Comments on Preferred Values References

The studies of Halstead and ThrustRobertshaw and
Smith? and Blacket al.># are in general agreement. The )
preferred 298 K rate coefficient is the mean of these mea- 8'936'6""""“9"’“’ and B. A. Thrush, Proc. R. Soc. London Se298 380
surements.* The temperature dependence of Blatkal?  2; s Robertshaw and I. W. M. Smith, Int. J. Chem. Ki1.729/(1980.
is accepted since this study covered a much larger temper&a. Black, R. L. Sharpless, and T. G. Slanger, Chem. Phys. 861t55
ture range than the earlier study of Halstead and Th’rush,4(1983-
which nevertheless gave a value BfR within the experi- S'gg'a""c"’ R. L. Sharpless, and T. G. Slanger, Chem. Phys. 98{5598
mental error of the later studyThe preferred values are syasa Evaluation No. 12, 1997see references in Introduction
identical to those in our previous evaluation, IUPAC, 1§97. €IUPAC, Supplement V, 1997see references in Introduction

AH°=-244.5 kJmol™*

Rate coefficient data

k/cm® molecule * 571 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(1.37+0.07)x 10" 1 210-363 Brunning and Stief, 1986 DF-MS
Reviews and Evaluations
1.4x10° % 210-360 NASA, 1997 (@
1.4x10° 1 210-360 IUPAC, 199¥ (b)
Comments and indicate no measurable change in the rate coeffikient

over the temperature range 210-363 K. This finding is the
basis for our present recommendation for the rate coefficient,
and the preferred values are identical to those in our previous
evaluation, IUPAC, 1997.All four studies* ® are in good
agreement with respect to the 298 K rate coefficient.

(@ Based on the studies of Clyne and MacRoBeBlack
et al,® and Brunning and Stiéf.
(b) See Comments on Preferred Values.

Preferred Values

k=1.4x10 ! cm® molecule ! s71, independent of tem-
perature over the range 210-360 K. References

Reliability 1J. Brunni d L. J. Stief, J. Chem. Phgd, 4371(1986
- . Brunning and L. J. Stief, J. Chem. , .
AIOg k=+0.1 at 298 K. 2NASA Evaluation No. 12, 1997see references in Introduction
A(E/R)=*100 K. SIUPAC, Supplement V, 1997see references in Introductipn
4M. A. A. Clyne and A. J. MacRobert, Int. J. Chem. Kin&®, 79 (1980.
5
Comments on Preferred Values E}l.gglzack, R. L. Sharpless, and T. G. Slanger, Chem. Phys. 86tt55
The measurements of Brunning and Stiefe the only 8M. A. A. Clyne, C. J. Halstead, and B. A. Thrush, Proc. R. Soc. London

available temperature dependent study of the rate coefficient,Ser. A295 355(1966.
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SO; + H,0 — products

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
9x10 13 300 Castlemaret al, 1974 F-MS
<(5.7+0.9)x10 298 Wanget al, 198 €)
<2.4x10°1° ~298 Reiner and Arnold, 1984 (b)
(1.2£0.2)x1071® 298 Reiner and Arnold, 1994 (b)
Complex mechanism 295 Kolb et al, 1994 (c)
Complex mechanism 250-360 Lovejoy, Hanson, and Huey, %1996 (d)
Reviews and Evaluations
See comment 298 NASA, 1997 (e)
<6.0x10715 298 IUPAC, 1997 )
Comments Comments on Preferred Values

This reaction was first considered in our earlier evaluation,

@ _Flow system with He and Nas carrier gases and,8 CODATA, 1980? No recommendation was made as the only
in large excess over SOSO; was monitored by the : . 1
hotodissociation of Spat 147 nm and detection of available data at that time, those of Castlenetmal,” were
FS)OZ fluorescence at 300-390 nm. A halocarbon Wa"suspect due to the likely interference of wall reactions
coating of the flow tube was used. in their work. The studies of Wangt al,’> Reiner and
(b) Fast flow system at pressures of 31260 mbar of Syn_Arnold,3’4 and Kolb et al® have now confirmed that suspi-
thetic air, using CIMS to detect SOH,0, and SO, cion. Wanget al2 obtained an upper limit to the rate coeffi-
Small co’rrectigns for wall reactions f/ve’re a Iied4. cient which is more than two orders of magnitude lower than
. bplied. the value of Castlemaet al.® by treatment of the flow tube
(c) Atmospheric pressure turbulent flow reactor using N . .
as a carrier gas and CIMS detection. Both the decreasvt\e/aIIS to r.educe wal! effects, and the stud|es_ of Reiner
in SO, as well as the increase in H'O were moni- et al,>* using the laminar flow tube method, obtain the low-
tored. The rate law was found to b2e firgt-orde[QQ,,] est values for the rate constardtThe flow studies of Kolb
and éecond—order ifiH,0]. Rate constants rangin et al® and Lovejoyet al® arrive at a rate law second-order
from 2% 101 o s 1 2to i4>< 102 en s L Wegr]e 9 in H,O. Accordingly, we make no recommendation for the
estimated based on.B dime.rs and the SO H,0 ad rate coefficient for the bimolecular reaction of $S@ith
2 2 -
duct, respectively. H0.
(d) Laminar flow reactor with detection by CIMS. The ob- References
servations were consistent with rapid association of
SO; with H,O to form the adduct KD-SO;, which 1A, W. Castleman, Jr., R. E. Davis, H. R. Munkelwitz, I. N. Tang, and W.
then reacts with water to form430,. ,P- Wood, Int. J. Chem. Kinet. Symf, 629 (1975. ’
() Accepts the data of Lovejogt al.® which shows that )th;’gaggg’lg'ssci'lgég M. Suto, L. C. Lee, and H. E. O'Neal, J. Chem.
the m'echanlsm is co.mplex and that t.he first order €X-31 Reiner and F. Amold, Geophys. Res. L&, 2659(1993.
pression for S@loss is second-order ifH,0]. 4T. Reiner and F. Arnold, J. Chem. Phyi)1, 7399(1994.
(f)  Accepted the upper limit of Wanegt al? 5C. E. Kolb, J. T. Jayne, D. R. Worsnop, M. J. Molina, R. F. Meads, and A.
A. Viggiano, J. Am. Chem. Sod 16, 10314(1994.
8E. R. Lovejoy, D. R. Hanson, and L. G. Huey, J. Phys. Ch&06, 19911
(1996.
Preferred Values “NASA Evaluation No. 12, 1997see references in Introductipn
] 8JUPAC, Supplement V, 1997see references in Introductipn
No recommendation. 9CODATA, 1980(see references in Introductipn
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SO; + NH; — products

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Comments
Absolute Rate Coefficients
(6.9+1.5)x10" 1 298 Shen, Suto, and Lee, 1990 (a
(4.7+1.3)x10° 1 295 Lovejoy and Hanson, 1996 (b)
Reviews and Evaluations
4.7x107 11 298 NASA, 1997 ()
6.9x10°* 298 IUPAC, 1997 (d)
Comments Reliability

(@ Flow system with NH in large excess[SO;] moni- Alogk==0.2 at 298 K.

tored by observation of SCfluorescence in the range
280—390 nm from photofragmentation of $0y 147
nm radiation. He carrier gas at 1.3-2.7 miar2
Torr) total pressure.

(b) Laminar flow reactor study with Nas the carrier gas in
the pressure range 13-533 miga®—400 Tory, using
CIMS detection. Both the decrease of S&s well as plex NHs- SO;.
the formation of S@ NH; were monitored.

(c) Accepted the data of Lovejoy and Hanson.

(d) Accepted the value of Shest all

Comments on Preferred Values

The studies of Sheat al! and Lovejoy and Hansdrare
in good agreement. The preferred value is the average of rate
constants from these studie$.The more recent wofk
showed the product of the reaction to be the association com-

References

1G. Shen, M. Suto, and L. C. Lee, J. Geophys. Ré&5.13981(1990.

Preferred Values 2E. Lovejoy and D. R. Hanson, J. Phys. Cheti0, 4459(1996.
3NASA Evaluation No. 12, 1997see references in Introductipn
k=5.8x10 1 cm?® molecule ! s at 298 K. 4IUPAC, Supplement V, 1997see references in Introductijon

CS+0,—-CO+S0O (1)
—-0OCS+0 (2
AH°(1)=-378 kdmol™*

AH°(2)=—165 kJmol™*

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

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

k,=(4.5+1.7)x 107 1° 293 Richardson, 1975 (a

k,=(5.9+1.3)x 10" 495

(2.9+0.4x10°%° 298 Black, Jusinski, and Slanger, 1883 (b)
Branching Ratios

ko lky=1.2 298 Wood and Heicklen, 19711973/74 (0

ky/k;=1.2 341-415 Wood and Heicklen, 171 (d)
Reviews and Evaluations

2.9x10 % 298 NASA, 1997 (e

2.9x1071° 298 IUPAC, 1997 (f)
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Comments Reliability

Discharge flow system used. CS radicals were pro- Alogk=>0.6 at 298 K.

duced by a discharge through ££S, SQ, CO, and
OCS were measured by MS. A very slow linear flow
rate (=100 cm s 1) was necessary to observe reaction.
SO,, a product formed via channél), was at least one
order of magnitude lower in concentration than CO and®

Comments on Preferred Values

The reaction of CS with ©is slow at 298 K and difficult
to study. The technique used by Blaekal?> seems the most
uitable for avoiding the difficulties associated with the

0oCS. slowness of the reaction, and their rate coefficient at 298 K is
CS radicals were produced by pulsed laser photolysi?refe”ed' L . .
of CS, in He bath gag32 mbar(24 Tory], and were The relative importance of the two possible reaction chan-

monitored by LIF at 257.7 nm nels is in dispute. Evidence from the photochemical and ex-

- - - - losion limit studied™® indicate a comparable importance of
Photol fc tures, with anal fco, P . ;
OCOSO és(_l; gnd %_oozprrgg(ulézsbvaecaizﬁlzfowave- channels(1l) and (2), but in the more direct flow system
Iength 31é am was used in Ref. 3 Which has insuffi_study1 k, was found to be at least an order of magnitude less

cient energy to dissociate the CHut CS was postu- thank,. However, the value ok, obtained in the fast flow

lated to have been formed by reaction of electronicallyStUdyl appears to be unacceptably high. We make no recom-

excited C$ with O,. In the later study,A=213.9 nm mendation for the branching ratio. .
was used, which can photodissociate,CS The one available measurementlofat higher tempera-

1 . .
Explosion limits of C$—0, mixtures were determined tures, when combined with the 298 K values, leads to an

by GC. The COJ[OCS] ratio was relatively unaffected Arrhenius expression with an egtremely low pre-exponential
by pressure and temperature changes, and the value [ﬁctor. Hence no recommendation is ”.‘a‘?'e for the tempera-
0.84 found for this ratio is the same as that observed iﬁ‘%fe depende_nce. The preferred value is identical to our pre-
photochemical studie®! The explosion limits were vious evaluation, IUPAC 1997.

modeled on the basis of an assumed mechanism of
eight reactions, and a computer fit to the data yielded
the value fork, /k;.

References

!R. J. Richardson, J. Phys. Chew®, 1153(1975.

(e Accepted the rate coefficient of Blaek al? 2G. Black, L. E. Jusinski, and T. G. Slanger, Chem. Phys. LiP, 64
(f) See Comments on Preferred Values. (1983.
3W. P. Wood and J. Heicklen, J. Phys. Cheth, 854 (1971).
4W. P. Wood and J. Heicklen, J. Photochein173(1973/74.
Preferred Values SW. P. Wood and J. Heicklen, J. Phys. Cheff, 861 (1971).
6NASA Evaluation No. 12, 1997see references in Introductipn
k=2.9x10 1° cm® molecule * s™* at 298 K. "IUPAC, Supplement V, 1997see references in Introduction

CS + O3 — OCS + O,

AH°(1)=-557 kJmol~*

Rate coefficient data

k/cm® molecule * s71 Temp./K Reference Comments
Absolute Rate Coefficients
(3.0+0.4)x10°16 298 Black, Jusinski, and Slanger, 1983 (@
Reviews and Evaluations
3.0x10° 16 298 NASA, 1997 (b)
3.0x10 6 298 IUPAC, 1997 (©
Comments Preferred Values
(@ CS radicals were produced by pulsed laser photolysis k=3 0x 101 cn® molecule ! s~ 1 at 298 K.

(b)
(©

of CS, at 193 nm, with He as the buffer gas at a total
pressure of 67—400 mb&60—300 Tory. CS radicals
were monitored by LIF at 257.7 nm.

Accepted the rate coefficient of Blaek all

See Comments on Preferred Values.

Reliability
Alogk=+0.5 at 298 K.
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Comments on Preferred Values References
The only available measurement of the rate coeffidieist
that of Blacket al! Their value is accepted, with substantial
error Iimits. The preferred value is identical to our previous 2yasa Evaluation No. 12, 1997see references in Introduction

evaluation, IUPAC, 1997. SIUPAC, Supplement V, 1997see references in Introductipn

1G. Black, L. E. Jusinski, and T. G. Slanger, Chem. Phys. L, 64

CS + NO, — OCS + NO

AH°(1)=-357 kdmol™*

Rate coefficient data

k/cm® molecule’* s71 Temp./K Reference Comments
Absolute Rate Coefficients
(7.6x1.1)x10° Y7 298 Black, Jusinski, and Slanger, 1983 (@
Reviews and Evaluations
7.6x10°Y7 298 NASA, 1997 (b)
7.6x10°Y 298 IUPAC, 1998 (©)
Comments Reliability

(@ CS radicals were produced by pulsed laser photolysis Alogk==0.5 at 298 K.

of CS, at 193 nm and monitored by LIF at 257.7 nm.
He [32 mbar(24 Torp total pressurbwas used as the
buffer gas.

(b) Accepted the rate coefficient of Blaek al!

(c) See Comments on Preferred Values.

Comments on Preferred Values

The only available measurement &fis that of Black
et all Their value is accepted, but with substantial error lim-
its. The preferred value is identical to our previous evalua-
tion, IUPAC, 1997

References
1G. Black, L. E. Jusinski, and T. G. Slanger, Chem. Phys. LiP, 64
Preferred Values (1983.
2NASA Evaluation No. 12, 1997see references in Introductipn
k=7.6<10"*" cm® molecule * s™* at 298 K. 3|UPAC, Supplement V, 1997see references in Introduction

CH,SH + O, — products

Rate coefficient data

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

(8.5+1.0)x10°*? 298 Anastasiet al, 1992 (@

(4.6+1.9)x10° %2 298 Rahmaret al, 1992 (b)
Reviews and Evaluations

6.5x 10712 298 NASA, 1997 (©

6.6x 10 12 298 IUPAC, 1997 (d)

Comments ated by reactions of the radiolytically produced F at-

oms with CHSH. [CH,SH] was monitored by UV ab-
sorption over the range 220—-380 nm.
(b) Fast flow discharge study. GBH radicals were gen-

(@ Pulsed radiolysis of CE8H—-0,—Sk; mixtures at 1 bar
total pressure. CF8H and CHS radicals were gener-
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erated by reaction of F atoms with GBH, and Comments on Preferred Values
[CH,SH] was monitored by mass spectrometry. The The only two measurements kfdiffer by almost a factor
source reactions were simulated to check consumptioof 2. The values ok(CH,SH + NO,) measured in these two

of F atoms. The total pressure was 3 mbar. studies also differ, although the error limits are large enough
(c) Mean of the rate coefficients of Anastasial! and to encompass the two results. Until further studies are carried
Rahmanret al? out, a mean of the two values is recommended, with substan-
(d) See Comments on Preferred Values. tial error limits. The preferred value is identical to that in our
previous evaluation, IUPAC, 1997.
References
Preferred Values
1C. Anastasi, M. Broomfield, O. J. Nielsen, and P. Pagsberg, J. Phys.
k=6.6x10"*? cm® molecule * s™* at 298 K. Chem.96, 696 (1992.
2M. M. Rahman, E. Becker, U. Wille, and R. N. Schindler, Ber. Bunsenges.
N Phys. Chem96, 783 (1992.
Reliability 3NASA Evaluation No. 12, 1997see references in Introduction
Alogk==*0.3 at 298 K. 4IUPAC, Supplement V, 1997see references in Introductipn

CH,SH + O3 — products

Rate coefficient data

k/cm® molecule * s71 Temp./K Reference Comments
Absolute Rate Coefficients
(3.5x1.2)x10 1 298 Rahmanret al, 1992 (@
Reviews and Evaluations
3.5x10 1! 298 NASA, 1997 (b)
3.5x10° 1 298 IUPAC, 1997 (c)
Comments Reliability

Alogk=*0.3 at 298 K.

(@ Fast-flow discharge study. GBH radicals were gen-
erated by the reaction of F atoms with ¢&H, and
monitored by MS. Source reactions were simulated toComments on Rreferred Valu_es . .
check consumption of F atoms. The total pressure was The only available determinatiérof k is accepted, but
3 mbar with substantial error limits until confirmatory studies can be
(b) Acceptéd the rate coefficient of Rahmanal : made. The preferred value is identical to that in our previous
(c) See Comments on Preferred Values. evaluation, IUPAC, 1997,
References
IM. M. Rahman, E. Becker, U. Wille, and R. N. Schindler, Ber. Bunsenges.
Preferred Values Phys. Chem96, 783(1992.
2NASA Evaluation No. 12, 1997see references in Introductipn
k=3.5x10" cm® molecule ! s at 298 K. 3|UPAC, Supplement V, 1997see references in Introductipn
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CH,SH + NO — products

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Comments
Absolute Rate Coefficients
(1.5+0.2)x10° 11 298 Anastasiet al, 1992 (@
Reviews and Evaluations
1.9x10° 1 298 NASA, 1997 (b)
1.5x10° 298 IUPAC, 1997 (©
Comments Reliability

(@ Pulsed radiolysis of CE68H—-0O,—SK; mixtures at 1 bar Alog k==0.3 at 298 K.

total pressure. C)6H and CHS radicals were gener-
ated by reactions of the radiolytically produced F at-
oms with CHSH, and CH,SH] was monitored by UV
absorption over the wavelength range 220—380 nm.
(b) Based on the rate coefficient of Anastasial®
(c) See Comments on Preferred Values.

Comments on Preferred Values

The only available determinatibrof k is accepted, but
with substantial error limits until confirmatory studies are
made. The preferred value is identical to that in our previous
evaluation, IUPAC, 1997.

References
1C. Anastasi, M. Broomfield, O. J. Nielsen, and P. Pagsberg, J. Phys.
Preferred Values Chem.96, 696 (1992.
2NASA Evaluation No. 12, 1997see references in Introduction
k=1.5x10 1 cm® molecule ! s™! at 298 K. 3|UPAC, Supplement V, 1997see references in Introduction

CH,SH + NO, — products

Rate coefficient data

k/cm® molecule* s7* Temp./K Reference Comments
Absolute Rate Coefficients
(3.8+1.0)x10°1* 298 Anastasiet al, 1992 (@
(6.9+4)x10™ 1 298 Rahmaret al, 1992 (b)
Reviews and Evaluations
5.2x10°1* 298 NASA, 1997 (©
4.4x10° 11 298 IUPAC, 1997 (d)
Comments (c) Average of the rate coefficients of Anastasial® and

Rahmanet al?

(@ Pulsed radiolysis of CEBH—-0O,—SFK; mixtures at 1 bar (d) See Comments on Preferred Values.

total pressure. C}6H and CHS radicals were gener-
ated by reactions of the radiolytically produced F at-
oms with CHSH, and CH,SH] was monitored by UV
absorption over the wavelength range 220—-380 nm. Preferred Values

(b) Fast flow discharge study. GBH radicals were gen-
erated by the reaction of F atoms with ¢&H and k=4.4x10"** cm® molecule * s* at 298 K.
were monitored by MS. Source reactions were simu-
lated to check consumption of F atoms. The total presReliability
sure was 3 mbar. Alog k=*0.5 at 298 K.
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Comments on Preferred Values
The only two measurementéof k differ substantially but

EVALUATED KINETIC AND PHOTOCHEMICAL DATA

because the error limits are large enough to encompass the
two results it is difficult to know whether the difference is
significant. In the same two studies the values obtained fofic  anastasi, M. Broomfield, O. J. Nielsen, and P. Pagsberg, J. Phys.
k(CH,SH + O,) differed to the same degree with much Chem.96, 696(1992.

smaller error limits.
Until further studies are carried out, we recommend as

1477

The preferred value is identical to that in our previous evalu-
ation, IUPAC, 1997

References

2M. M. Rahman, E. Becker, U. Wille, and R. N. Schindler, Ber. Bunsenges.
Phys. Chem96, 783(1992.
NASA Evaluation No. 12, 1997see references in Introductipn

weighted mean of the two values and substantial error limits.*lUPAC, Supplement V, 1997see references in Introductipn

CHsS + O, + M — CH3SO0 + M

AH°=-48.9 kJmol™!

Rate coefficient data

k/cm® molecule * 571 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
<2x107Y 298 Balla, Nelson, and McDonald, 1986 PLP-LIF
<1x10716 298 Black and Jusinski, 1986 PLP-LIF
<2.5x10718 298 Tyndall and Ravishankara, 1589 PLP-LIF
(1.81+0.28)x10 ¥ (107 mbar Hg 216 Turnipseed, Barone, and Ravishankara, 1992 (@
(1.55+0.23)x107*® (107 mbar Hg 222
(1.05+0.20)x 107 (107 mbar Hg 233
(9.0+1.6)x10" 14 (107 mbar He 237
(8.62+0.84)x10"* (107 mbar Hg 242
(7.0+2.0)x10" 1 (107 mbar Hg 250
Relative Rate Coefficients
2x10° % 298 Hatakeyama and Akimoto, 1983 RR (b)
2.9x10° Y7 298 Grosjean, 1984 RR (c)
>2.3x10716 296 Balla and Heicklen, 1985 RR (d)
Reviews and Evaluations
<3.0x10718 298 NASA, 1997 (e
Data of Turnipseeet al, 1992 216-250 IUPAC, 1997 )
Comments (c) Environmental chamber study using the oxidation of

@

(b)

Pulsed laser photolysis system with LIF detection of
CHsS radicals. The measured rate coefficients were ob-
served to vary with the total pressure and the diluent
gas. An upper limit to the rate coefficient for the reac-
tion of the CHSOO radical with @ of 4x10° %’
cm®molecule st at 258 K was also derived. The
CH3S—00 bond energy was determined to be 49 kJ
mol~! at 298 K from measurements of the equilibrium
constant over the temperature range 216—258 K, wit
AH{(CH;S00=75.7+4.2 kJ mol'! at 298 K.

Photolysis of CHSSCH—-RONO-NO-air mixtures.
The products were analyzed by FTIR and GC-MS and
the yields of SQ and CHSNO measured. From an
assumed mechanism, the rate coefficient ra{dH;S

+ NO)/k=2x10° was derived. A rate coefficient of
k(CH3S + NO) =4x10 * cm® molecule * s71 (this
evaluation was used to obtain the rate coefficient
given in the table. (e

organo—sulfur compounds in air by natural sunlight.
Major products were S£) CH;SO;H, and HCHO. Pro-
duction of SQ and sulphur were related to an uniden-
tified compound(assumed to be C}$NG,) formed
from CHS+ NO,. A rate coefficient ratio of
k(CH3S + NO,)/k=2x10° was derived, and placed
on an absolute basis by use &{CHsS + NO,)
=5.8x 10" cm® molecule ! s (this evaluation

From the photolysis 0fCH;S),—0O,—N, mixtures at
253.7 nm, with product analysis by GC and MS. The
S0, yield was measured as a function [@CH3S),],
[O,] and light intensity. From an assumed mechanism,
a value of k?/2k(CH3S + CH3S9)>6x10"%? cm®
molecule ! s was derived. A rate coefficient of
k(CH3S + CH;S) =4.1x10 ' cm® molecule ! s72
(from Grahamet al1% was used to obtain the rate co-
efficient given in the table.

Based on the data of Tyndall and RavishanKara.
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(f) See Comments on Preferred Values. CH3SOO+ O, — products.

The reaction of CHS radicals with @ to form the CHSOO

Preferred Values radical, and the reverse reaction, result-it83% of CH;S

Data of Turnipseedt al.* given in above table. radicals being present as the €300 adduct at 298 K and
ground levelt with the [CH;SOOJ[CH,S] ratio being
Reliability strongly temperature dependént.
Alog k=+0.3 over the temperature range 216-250 K at The preferred values are identical to those in our previous
107 mbar He. evaluation, IUPAC, 1997.
References

Comments on Preferred Values

The study of Turnipseeét al* was the first to observe .
addition of 0 to the CHS radical to form CHSOO [and R. J.aBaIIa, H. H. Nelson, and J. R. McDonald, J. Chem. P18, 101
not CHBS(O)Ov because_ the reaction was Obser\_/ed to be re2g Bjack and L. E. Jusinski, J. Chem. Soc. Faraday Trar@2, 2143
versible leading to equilibrium between @8l radicals, @ (1986.
and CHSOO radicalyj. Previous studiés ® of the reaction G- S. Tyndall and A. R. Ravishankara, J. Phys. Ch@12426(1989.
of CH3S radicals with Q at 298 K did not observe the equi- A. A. Tur(mps;ed, S. B. Barone, and A. R. Ravishankara, J. Phys. Chem.
I " ) 96, 7502(1992.
Ilprlum addition of G to CH,;S radicals, gnq the rate coeffi- ss. Hatakeyama and H. Akimoto, J. Phys. Ch@. 2387 (1983.
cients measured correspond to upper limits to the rate coeféD. Grosjean, Environ. Sci. Techndl8, 460 (1984.

ficients for the reactions ’R. J. Balla and J. Heicklen, J. Photoche28, 297 (1985.
8NASA Evaluation No. 12, 1997see references in Introductipn
CH;S + O, — products other than C§300 SIUPAC, Supplement V, 1997see references in Introductipn
10D, M. Graham, R. L. Mieville, R. H. Pallen, and C. Sivertz, Can. J. Chem.
and/or 42, 2250(1964.

CH3SO0 + M — CH3S + O, + M

AH°=48.9 kdmol™?*

Rate coefficient data

kis™t Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(1.99+0.74)x10° (107 mbar Hg 216 Turnipseed, Barone, and Ravishankara, 1992 (@
(3.20+0.80)x10° (107 mbar Hg 222
(9.1+2.6)x 10° (107 mbar He 233
(1.00+0.12)x10* (107 mbar Hg 237
(1.28+0.12)x10* (107 mbar Hg 242
(2.4+0.4)x 10* (107 mbar Hg 250
>3.5x 10* (107 mbar Hg 258
Reviews and Evaluations
Data of Turnipseedt al., 1992 216-250 IUPAC, 1997 (b)
Comments (b) See Comments on Preferred Values.
(@ Pulsed laser photolysis system with LIF detection of Preferred Values

CHsS radicals. The formation and decay rate coeffi-

cients of CHSOO radicals were derived from the ob- Data of Turnipseect al,! given in above table.

served time-concentration profiles of @hiradicals in

the presence of 9 The measured rate coefficients for Reliability

the reactions CES5 + O, = CH;SOO were observed Alog k==*=0.3 at 107 mbar He over the temperature range
to vary with total pressure and with the diluent gas. 216-250 K.
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EVALUATED KINETIC AND PHOTOCHEMICAL DATA 1479

Comments on Preferred Values preferred values are identical to those in our previous evalu-
The data presented by Turnipseetlal! were the first ation, IUPAC, 1997

reported for the dissociation of the GBOO radicalsee also

the data sheet in this evaluation for the reverse reaction

CH;S + O, + M — CH3SOO+ M). In the atmosphere,

~33% of CH;S radicals will be present as the gsDO 1 . ,

adduct at 298 K and ground levelwith the [CH,SOO Qeﬁsgl;r(nllggged S. B. Barone, and A. R. Ravishankara, J. Phys. Chem.

[CH,S] ratio being strongly temperature dependerithe 2|UPAC, Supplement V, 199%ee references in Introductijon

References

CH3S + O; — products

Rate coefficient data

k/cn?® molecule * 571 Temp./K Reference Technique/Comments

Absolute Rate Coefficients
<8x10 % 298 Black and Jusinski, 1986 PLP-LIF
(4.1x2.0)x 10712 298 Tyndall and Ravishankara, 1989 PLP-LIF
(5.7+1.4)x1071? 300 Domine Ravishankara, and Howard, 1992 (@
1.98x 10" *2 exd (290+ 40)/T] 295-359 Turnipseed, Barone, and Ravishankara, 41993 (b)
5.16x10 2 298

Reviews and Evaluations
5.4x 10 *? 298 Tyndall and Ravishankara, 1991 (©
2.0x 10 12 exp(290T) 290-360 NASA, 1997 (d)
2.0x 10 12 exp(290T) 290-360 IUPAC, 1997 (e

Comments Reliability

Alog k=*0.2 at 298 K.

(@ Discharge flow study. CE$ radicals were generated by A(E/R == 200 K.

reaction of Cl with CHSH. Photoionization mass spec-
trometry was used to monitor GB radicals. GF;CI

was added to scavenge OH radicals and hence suppregéir.mznf;.s Olrt] tPreIe:jrec:h\/alues tion b .
OH radical-initiated chain reaction which regenerate IS difficult to study this reaction because in some con-

CH,S. Some curvature was observed[@H,S] loga- ditions rapid chain processes involving the reaction products

rithmic decay plots in excess;OThe initial slope was occur to regenerate GS radicals:™* This complication ap-

used to calculaté pears to be absent in the most recent study of Turnipseed
(b) Pulsed laser pho;colysis dCH,),S—0,—0,—He (193 et al* under the conditions used for rate coefficient determi-

nm) mixtures.[CH;S] was monitored by LIF. Pressure nations. Their value dk at 298 K is in good agreement with
range 27—267 mba@0—200 Tory other studies in which care was taken to allow for this com-

(© Based on the work of Tyndall and RavishanKazad plication?3 The mean of the values from the two most recent
Domine et al® The corrections made in the work of studies* is taken as our recommended value at 298 K.

Tyndall and Ravishankafato convert the measured 4Ther<_a is only one study of the temperature dependence of
value of k(5.1x10"2 cn® moleculs X s°%) to the k.” Its findings are accepted. Wlth.substannalierror limits and

the pre-exponential factor is adjusted to yield the recom-
mended value ok at 298 K. The preferred data are identical
to those in our previous evaluation, IUPAC, 1997.

quoted value (4.X10'2 cm® molecule* s™1) are
now known to be unjustified.

(d) Derived from the absolute rate coefficients of Tyndall
and Ravishankara,Domine et al,® and Turnipseed
et al?

(e) See Comments on Preferred Values.

References

1G. Black and L. E. Jusinski, J. Chem. Soc. Faraday Trar82 2143
(1986.

2G. S. Tyndall and A. R. Ravishankara, J. Phys. Chg&4707(1989.
3F. Domine A. R. Ravishankara, and C. J. Howard, J. Phys. Cheén.

Preferred Values 42171(199%. _
A. A. Turnipseed, S. B. Barone, and A. R. Ravishankara, J. Phys. Chem.
k=5.4x10"12 cm® molecule ! s™! at 298 K. 97, 5926(1993.

5G. S. Tyndall and A. R. Ravishankara, Int. J. Chem. Ki@8}.483(1991).
_ — 12 1 o1 '
k=2.0x10"'? exp(290/T) cm® molecule * s™* over the 6NASA Evaluation No. 12, 1997see references in Introductipn

temperature range 290-360 K. "IUPAC, Supplement V, 1997see references in Introductjon
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Low-pressure rate coefficients

Rate coefficient data

ko /cm® molecule t s72 Temp./K Reference Comments
Absolute Rate Coefficients
(3.24+0.36)xX 107 2° [N,] 295 Balla, Nelson, and McDonald, 1986 (@
(1.43+0.36)X 10" 2° [N,] 351
(1.13+0.20)X 107 2° [N,] 397
(5.84+0.66)x 10 30 [N,] 453
Reviews and Evaluations
3.2x10 2° (T/300*°[N,] 290-450 NASA, 1997 (b)
3.2x10 2° (T/298 “ [N,] 250-450 IUPAC, 1997 (©)
Comments Reliability

Alog kg=0.3 at 298 K.

(@ Pulsed laser photolysis ¢CH;S),—NO—-N, (or SF;)
An==*2,

mixtures at 266 nm, with Ck8& being monitored by
LIF. Lower part of the falloff curves were measured
over the pressure range 2—400 mila6—300 Torrof ~ Comments on Preferred Values

N,. Falloff extrapolations were carried out with fitted ~ The preferred values are based on the data of Realk*
values ofF. of 0.6, 0.86, 0.77, and 0.94 at 295, 351, Although the falloff extrapolations in Ref. 1 were made with

397, and 453 K, respectively. a theoretically improbable temperature coefficienEgf the
(b) Based on the data of Balet al low-pressure rate coefficients are much less influenced by
(c) See Comments on Preferred Values. this extrapolation than the high-pressure rate coefficients.
The preferred values are identical to those in our previous
Preferred Values evaluation, IUPAC, 1997.

ko=3.2x10"2° (T/300* [N,] cm® molecule * s over
the temperature range 290-450 K.

High-pressure rate coefficients

Rate coefficient data

k. /cm® molecule’* s1 Temp./K Reference Comments
Absolute Rate Coefficients
1.81x 10 2 exp(9007) 295-453 Balla, Nelson, and McDonald, 1986 (@
Reviews and Evaluations
3.9x 10" *(T/300)~27 290-450 NASA, 1997 (b)
4x10°1! 250-450 IUPAC, 199%7 (©
Comments Preferred Values
(@ See commenta) for ky. High-pressure limit was ob- k,=4x10"* cm® molecule ! s™%, independent of tem-
tained from measurements at 267 and 400 mgan perature over the range 290—450 K.
and 300 Tory of SK;.
(b) Based on the data of Balkt al? Reliability
(c) See Comments on Preferred Values. Alog k.= *0.5 over the temperature range 250—450 K.
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Comments on Preferred Values ommend the use of the extrapolated value at 298 K over

The negative temperature coefficient kf reported in large temperature ranges together wkg=exp(—T/580).
Ref. 1 is most probably due to an increasing underestimate dfhe preferred values are identical to those in our previous
the falloff corrections with increasing temperature. We rec-evaluation, IUPAC, 1997.

Intermediate Falloff Range

Rate coefficient data

k/cm® molecule’* s71 P/mbar M Temp./K Reference Comments
Relative Rate Coefficients
(1.69+0.04)x 1071 28 He 227 Turnipseed, Barone, and Ravishankara, 993 (@
(1.30+0.09)x 10" 1 25 He 242
(1.89+0.08)x 10 25 He 242
Comments References

(@ CHsS radicals were generated by either photolysis of
. . . . !R. J. Balla, H. H. Nelson, and J. R. McDonald, Chem. PH@ag, 101
dimethyl sulfide at 193 nm or photolysis of dimethyl (1986
disulfide at 248 nm. The decay of G8l radical con-  2NASA Evaluation No. 12, 199Tsee references in Introductjon
centrations was followed by LIF. Experiments were *IUPAC, Supplement V, 1997see references in Introductijon

. 4 H P
performed under slow gas flow conditions. gilzgztérgggged, S. B. Barone, and A. R. Ravishankara, J. Phys. Chem.

CHsS + NO, — CHsSO + NO

AH°=-135 kJmol™*

Rate coefficient data

k/cm® molecule’* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
8.3x107 ! exd (80+60)/T] 295-511 Balla, Nelson, and McDonald, 1986 PLP-LIF
9.8x10 ! 295
(6.10+0.90)x 107 ¢ 298 Tyndall and Ravishankara, 1989 PLP-LIF
(5.1+0.9)x10™* 297 Doming Murrells, and Howard, 1950 DF-MS
2.1x 107t exd (320 40)/T] 242-350 Turnipseed, Barone, and Ravishankara, 41993 (@
(6.28+0.28)x 10" 1 298
Reviews and Evaluations
5.5x10 1% 298 Tyndall and Ravishankara, 1991 (b)
2.1x 10 't exp(320T) 240-350 NASA, 1997 (©
2.0X 107! exp(320T) 240-350 IUPAC, 1997 (d)
Comments (c) Based on the rate coefficients of Tyndall and Ravishan-

karg and Turnipseeet al*

(@ Pulsed laser photolysis at 193 nm or 248 nm of(d) See Comments on Preferred Values.

(CHg),S—NQG, or (CHg),S,—NO, mixtures in bath gas
of He, N,, or SF;. [CH;S] was monitored by LIF. No

effect of pressure ok was observed over the range of Preferred Values

27-267 mba(20—200 Tory He. k=5.8x 10! cm® molecule * s™* at 298 K.
(b) Based on the results of Tyndall and Ravishankairad k=2.0x10 1! exp(320/M) cm® molecule * s~ over the
of Domineet al? temperature range 240-350 K.
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Reliability The lack of pressure dependencekdbund in the recefit
Alog k==*0.15 at 298 K. and earlier studié< is consistent with the major pathway for
A(E/R==*=300 K. the reaction proceeding directly to NO and £3® rather

than by addition to give CEBNO,. Product studi€< are in

Comments on Preferred Values agreement with this conclusion.

The recommended value at 298 K is the mean of the stud- The preferred values are identical to those in our previous
ies of Tyndall and RavishankafaDomineet al.® and Tur-  evaluation, IUPAC, 1997.
nipseedet al,* which are in good agreement. There are two
studied* of the temperature dependencekoboth giving a References
negative value oE/R but differing significantly in magni-
tude. Ballaet al! obtained a very small negative temperature IR. J. Balla, H. H. Nelson, and J. R. McDonald, Chem. P18, 101
coefficient but obtain values & nearly twice as large as  (1986.
those found in the other studies. It has been suggested  °G. S. Tyndall and A. R. Ravishankara, J. Phys. Che&2426(1989.
this could arise from secondary chemistry arising from the3F1-9'gomine T. P. Murrells, and C. J. Howard, J. Phys. Che, 5839
higher radical concentrations used in the work of Betial 4)(6\. A.O‘Turnipseed S. B. Barone, and A. R. Ravishankara, J. Phys. Chem.
The alternative value of Turnipseed al* is preferred but 97, 5926(1993. Y ' ’
substantial error limits are recommended. The preexponenZ—G-S- Tyndall and A. R. Ravishankara, Int. J. Chem. Ki@é}483(1991).
tial factor in the expression focis based on the value &R~ ,VASA Evaluation No. 12, 1997see references in Introductipn
from Turnipseeckt al? and the recommended value lofat s:UBP:rﬁéf “\E’pgea“;ﬁQLVk1ﬁ97§§§k§fe;ﬁ3°,is ,'\,r}klim(r;%deﬁm,);;

: Ve » KA. ' : : . Phys. LBAQ,

298 K. 451 (1987).

CH3SO + O; — products

Rate coefficient data

k/cm® molecule’* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
1x10°%? 298 Tyndall and Ravishankara, 1989 PLP-LIF
(6.0£3.0)x10713 300 Domine Ravishankara, and Howard, 1§92 (@
Reviews and Evaluations
6.0x 10713 298 NASA, 1997 (b)
6.0x10 13 298 IUPAC, 1997 (©
Comments Comments on Preferred Values

. Co The measurement & by Domineet al? is more direct
(@ Discharge flow study. Photoionization mass spectrom- . . .
. . . than the previous study of Tyndall and Ravishankara
etry was used to monitor G30 radicals. The reaction

of OCP) + C,HsSCH, was used as a source of G50 which the rate coefficient was derived by a complex analysis

; - . . 8f the reaction system. However, there are still a number of
radicals. The rate coefficient obtained was considere Co . 5 :
preliminary. uncertainties in the study by Domiret al,“ who consider

(b) Based on the rate coefficient of Domieeal,? which their quoted value Ok. to be p'fe'!m'”ary- This valdfeis
o . . accepted but substantial error limits are recommended. The
is in agreement with the less direct study of Tyndall

and Ravishankar preferred value is identical to that in our previous evaluation,

IUPAC, 19974
(c) See Comments on Preferred Values.
Preferred Values References
k=6.0x10"13 cm® molecule ! s at 298 K. 1G. S. Tyndall and A. R. Ravishankara, J. Phys. Che@&4707(1989.
2F. Domine A. R. Ravishankara, and C. J. Howard, J. Phys. Cheén.
. 2171(1992.
Reliability 3NASA Evaluation No. 12, 1997see references in Introductipn
Alog k=+*0.3 at 298 K. 4IUPAC, Supplement V, 1997see references in Introductipn
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CH3SO + NO, — products

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(3x2)x107 ! 298 Mellouki, Jourdain, and Le Bras, 1988 DF-MS
(8+5)x10 12 298 Tyndall and Ravishankara, 1989 PLP-LIF
(1.2+0.25)x 10" 1 298 Domine Murrells, and Howard, 1950 DF-MS
Reviews and Evaluations
1.2x10°% 298 NASA, 1997 (@
1.2x10™1 298 IUPAC, 1997 (b)
Comments two values, both of which have much larger error limits. The

rate coefficient for this reaction is difficult to measure be-
cause of the lack of a clean primary source of:GB radi-

cals and the complexity of the secondary chemistry. Substan-
tial error limits are therefore suggested. The preferred value
is identical to that in our previous evaluation, IUPAC,

(@) Based on the rate coefficient of Domieeal3
(b) See Comments on Preferred Values.

Preferred Values

k=1.2x10"* cm® molecule ! s7* at 298 K. 1997°
Reliability References

Alog k=205 at 298 K. 1A. Mellouki, J. L. Jourdain, and G. Le Bras, Chem. Phys. L8 231
Comments on Preferred Values Z(é.gg?;ryndall and A. R. Ravishankara, J. Phys. Che#n2426(1989.

Ly . 3 ine
The measured valubs® of k at 298 K agree within their F. Domine T. P. Murrells, and C. J. Howard, J. Phys. Chea, 5839

error |_imit3: some O_f, which are SUbStantiaL The preferredsyasa Evaluation No. 12, 1997see references in Introduction
value is that of Dominet al.® which lies between the other SIUPAC, Supplement V, 1997see references in Introduction

CH3SOO0 + O3z — products

Rate coefficient data

k/cm® molecule’* s71 Temp./K Reference Comments
Absolute Rate Coefficients
<8x10713 227 Turnipseed, Barone, and Ravishankara, 1993 (@
Reviews and Evaluations
<8.0x10713 227 NASA, 1997 (b)
<8.0x10° ¥ 227 IUPAC, 1997 (©)
Comments (b) Based on the upper limit to the rate coefficient obtained

by Turnipseeckt all

(@ Pulsed laser photolysis ¢€Hs),S—0,—0; mixtures at See Comments on Preferred Values.

193 nm in bath gas of He, )N or Sk. CH;S + O, ©
= CH3SO, equilibrium established.[CH3S] was
monitored by LIF.[CH;S] temporal profiles were
simulated to obtairk. k(CH3S + O3) obtained in the
same study was used in the fitting procedure. k<8x10 ' cm® molecule ! s™! at 227 K.

Preferred Values

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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Comments on Preferred Values References
The single study of the rate of this reacttdmas provided ) _ _
only an upper limit tok at 227 K. which is accepted as the A. A. Turnipseed, S. B. Barone, and A. R. Ravishankara, J. Phys. Chem.
' L X ) 97, 5926(1993.
prefgrred value. The preferred value is identical to that in ourayasa Evaluation No. 12, 1997see references in Introduction
previous evaluation, [UPAC, 1997. SIUPAC, Supplement V, 1997see references in Introductipn

CH3SOO0 + NO — products

Rate coefficient data

k/cm® molecule * s71 Temp./K Reference Comments
Absolute Rate Coefficients
(1.10+0.38)x 107 ¢ 227-256 Turnipseed, Barone, and Ravishankara, 1993 (@
Reviews and Evaluations
1.1x10° 1 227-256 NASA, 1997 (b)
1.1x10° 1 227-256 IUPAC, 1997 (©
Comments Reliability

(@ Pulsed laser photolysis ¢€H3),S,—0,—NO mixtures Alog k==0.3 over the range 227-256 K.

at 248 nm with He or Sfas the bath gas. Only a
limited pressure range could be studigtd—28 mbar
(16—-21 Torj He, 25 mbar(19 Torn SK;], but no effect
of pressure ork was observed.CH;S| was monitored
by LIF and the temporal profile simulated to obtin
(b) Based on the sole study of Turnipseetdal?!
(c) See Comments on Preferred Values.

Comments on Preferred Values

The value ofk obtained in the only study of this reac-
tion! is accepted but substantial error limits are assigned un-
til confirmatory studies are made. The preferred values are
identical to those in our previous evaluation, IUPAC, 1§97.

References

Preferred Values IA. A. Turnipseed, S. B. Barone, and A. R. Ravishankara, J. Phys. Chem.

. 97, 5926(1993.
_ 11 1 1 ,
k=1.1x10"* cm® molecule * s™*, independent of tem- 2NASA Evaluation No. 12, 1997see references in Introductjpn

perature over the range 227-256 K. 3|UPAC, Supplement V, 1997see references in Introductipn

CH3SOO0 + NO, — products

Rate coefficient data

k/cm® molecule* s71 Temp./K Reference Comments
Absolute Rate Coefficients
(2.2+0.6)x107 ! 227-246 Turnipseed, Barone, and Ravishankara, 1993 (@
Reviews and Evaluations
2.2x10° 1 227-246 IUPAC, 1997 (b)
Comments (b) See Comments on Preferred Values.

(@ Pulsed laser photolysis ofCH3)»,S,—0,—NO, mix-
tures at 248 nm in HE107—-467 mbaK80—350 Tory]
or SK; [87 mbar(65 Torn]. [CH;S] was monitored and
the temporal profile simulated to obtanNo variation k=2.2x10 1! cm® molecule ! s %, independent of tem-
of k with pressure or temperature was observed. perature over the range 227-246 K.

Preferred Values

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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Reliability firmatory studies are made. The preferred values are identical
Alog k= =*0.3 over the range 227-246 K. to those in our previous evaluation, IUPAC, 1997.
References

Comments on Preferred Values
The value ofk obtained in the only studyof this reaction 1A, A. Tumipseed, S. B. Barone, and A. R. Ravishankara, J. Phys. Chem.

, : o , : 97, 5926 (1993.
is accepted but substantial error limits are assigned until conz|pac supplement v, 199%see references in Introduction

CH3SCH2 + 02 — CH3SCH202

Rate coefficient data

k/cn?® molecule * s71 Temp./K Reference Comments
Absolute Rate Coefficients
(5.7+0.4)X 1072 (1 bap 298 Wallington, Ellermann, and Nielsen, 1993 (@
2.3x 1073 (1 Torr He 298 Butkovskaya and Le Bras, 1994 (b)
1.9x10 = (1 Torr He 298
Reviews and Evaluations
5.7X1071? (1 bay 298 IUPAC, 1997 (©
Comments Preferred Values
(@ Pulsed radiolysis of $~CH;SCH;-O, mixtures. k=5.7x10"*? cm® molecule * s* at 298 K and 1 bar.

CH3SCH, radicals were generated by reaction of F at-

oms with CHSCH,, and monitored in absorption at Reliapility

290 nm. The total pressure was approximately 1 bar.  Ajog k=+0.4 at 298 K and 1 bar.
(b) Discharge flow study of the NG CH;SCH;—Br,—O,

system at 1.3 mbar(l Torr) He. NO; radicals

were produced by F- HNO; reaction and added to

CH;SCH; to give CHSCH,. Subsequent addition of

Comments on Preferred Values

The preferred value df is taken from the study of Wall-
) TSt o ingtonet al! Until confirmatory studies are made we confine
Br,—O, mixtures allowed monitoring of competition 1 recommendations to 1 bar and assign substantial error

between @ and Bp for CH;SCH,. Competition |imits The preferred value is identical to that in our previous
followed by mass spectrometric measurement ofy\ 5juation. IUPAC. 1997,

[CH;SCH,Br] profile. Modeling of profile gives

k=2.3x10 3 cm® molecule * s~ 2. Similar study of References

Cl-ClL—CH;SCH;—0O, system in which CHSCH, was

produced by Ch CH3SCH; reaction gave i1 j wallington, T. Ellermann, and O. J. Nielsen, J. Phys. ClesB442

k=1.9x10 3 cm® molecule’* s 1. (1993.

2
(C) See Comments on Preferred Values. 3N. I. Butkovskaya and G. Le Bras, J. Phys. _Ch@&. 2582(1994).
IUPAC, Supplement V, 1997ee references in Introductipn

CH38CH202 + NO d CHgsCHzo + N02

Rate coefficient data

k/cm® molecule* s7* Temp./K Reference Comments
Absolute Rate Coefficients

(1.9+0.6)x10™ 11 298 Wallington, Ellermann, and Nielsen, 1993 @
Reviews and Evaluations

1.9x10 1 298 NASA, 1997 (b)

1.9x10° % 298 IUPAC, 1997 (©
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Comments Reliability

Pulsed radiolysis of CE8CH;—SFK,—0,—NO mixtures. Alog k=04 at 298 K.
Generation of CHSCH,0O, radicals occurred by F
+ CH3SCH; — CH3SCH, + HF, followed by
CH;SCH, + O, — CH3SCH,0,. [NO,] was moni-
tored at 400 nm. Yield of N9compared with yield of

F atoms suggested that 80% of the reaction leads t
NO, production.

Comments on Preferred Values

The preferred value df is taken from the only study of
this reaction' Substantial error limits are assigned until con-
grmatory studies are made. The preferred value is identical
to that in our previous evaluation, IUPAC, 19%7.

. - . l
(b) Based on the rate coefficient of Wallingtet al. References
(c) See Comments on Preferred Values.
7. J. wallington, T. Ellermann, and O. J. Nielsen, J. Phys. Clestr8442
Preferred Values (1993.
2NASA Evaluation No. 12, 1997see references in Introductipn
k=1.9x10 ! cm® molecule * s™* at 298 K. 3|UPAC, Supplement V, 199%ee references in Introductijon
CHgsCHzoz + N02 + M — CHgsCHzozNOZ + M
Rate coefficient data
k/cm® molecule* s71 P/mbar M Temp./K Reference Comments
Absolute Rate Coefficients
(9.2+0.9)x107 12 1000 Sk 296 Nielsen, Sehested, and Wallington, 1995 (@
(7.120.9)x 10" 12 300 Sk 296
Comments Reliability

(@

Pulsed radiolysis of S§~CH;SCH;—0O,—NO, mix- Alog k=05 at 1 bar and 298 K.

tures with measurement of the rate of decay of,N@a

its absorption at 400 nm. Insufficient data to obtkgn Cc;rn?enti 0'[?1 Prefterred \;?Igest f Nielseet al®
or k.., although the reaction was measured near the ouy € rate coetncients ot Nielseet al. - seem

hiah-bre limit. reasonable for this type of reaction, R® NO, + M
'gh-pressure fimi — RO,NO, + M, their study is fairly indirect and we have
assigned large error limits.

Reference
Preferred Values

10. J. Nielsen, J. Sehested, and T. J. Wallington, Chem. Phys.238t.

k=9x10 *? cm® molecule ! s at 1 bar and 298 K. 385 (1995.

CH3SCH,0, + CH3SCH,0, — CH3SCH,OH + CH3SCHO + 0, (1)

— 2CH3SCH,0 + O, )

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

k/cm® molecule’* s71 Temp./K Reference Comments
Absolute Rate Coefficients
<7.9x10 12 298 Wallington, Ellermann, and Nielsen, 1993 (@

Reviews and Evaluations
<8x10 *? 298 IUPAC, 1997 (b)
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Comments Comments on Preferred Values

. i We have recommended an upper limit to the overall rate
IiZk[CL; SCl_dbgﬁ?zed Puls?é racﬂg?';fsscg%%]/dtof coefficient at 298 K, as determined by Wallingtenall
cH SCI—S—OZ—SZI%. mixtures  with ymonitoringy of There is no information as yet concerning the products of the
CH38CHZO radical concentrations by UV absorption self-reactions of the C}$CH,0O, radicals, although it has
Witﬁ o :2(4 3+0.7)x 10~ cn? molecule -, The been suggested that the alkoxy radical;SBH,O could re-
Observggo value  of Kk — (7.9+1.4) 10-12¢qp  actasfollows: CHSCHO — CHsS + HCHO and that the

obs =

11 N CHj3S radical could react with the GSBCH,O, radical, lead-
molecule * s * is an upper limit tok because of the . ;
- . - : . ing to an enhanced decay rate of these radicals. The preferred
possibility of secondary reactions giving rise to an in-

creasing decay rate of GBCH,0, radicals(see Com- value is identical to that in our previous evaluation, IUPAC,

19972
ments on Preferred Values
(b) See Comments on Preferred Values. References
Preferred Values 1T, J. wallington, T. Ellermann, and O. J. Nielsen, J. Phys. Clafr8442
(1993.
k<8x10 12 cm® molecule’ ! st at 298 K. 2|UPAC, Supplement V, 1997see references in Introductipn
CH3SS + O; — products
Rate coefficient data
k/cn?® molecule * 571 Temp./K Reference Comments
Absolute Rate Coefficients
(4.6-1.1)x10713 300 Domine Ravishankara, and Howard, 1992 (@
Reviews and Evaluations
46x10° 1 298 NASA, 1997 (b)
4.6x10°13 298 IUPAC, 1997 (©
Comments Reliability
. L Alog k==*0.3 at 298 K.
(@ Discharge-flow study. Photoionization mass spectrom- 9

(b)
(©

etry was used to monitor G33S radicals. CES radi-
cals were generated by €l CH;SH, and CHSS was
observed to be formed in the GH source and thought
to be due to the CEB + S, reaction on walls{CH;SS|
was monitored in the presence of excegd@obtaink.
Accepted the value of Dominet all

See Comments on Preferred Values. References

Comments on Preferred Values

The only available measuremérif k is accepted but sub-
stantial error limits are assigned until confirmatory studies
are made. The preferred value is identical to that in our pre-
vious evaluation, IUPAC, 1997.

1F. Doming A. R. Ravishankara, and C. J. Howard, J. Phys. Chaén.
Preferred Values 2171(1992.
2NASA Evaluation No. 12, 1997see references in Introductipn

k=4.6x10 2 cm® molecule * s™* at 298 K. 3|UPAC, Supplement V, 1997see references in Introductipn
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CH3SS + NO, — products
Rate coefficient data

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

(1.8+0.3)x107 ¢ 297 Domine Murrells, and Howard, 1990 (@
Reviews and Evaluations

1.8x10 1 298 NASA, 1997 (b)

1.8x107 1 298 IUPAC, 1997 (©)

Comments Reliability
. . Alog k==0. 298 K.

(@ Fast-flow discharge study. GBS radicals were pro- 9 0.3 at 298

duced as a byproduct of GB radical production.
CHgsS radicals were produced by the €ICH;SH re-
action. CHSS was observed to be formed in the £SH
source and thought to be due to the 8+ S, reac-
tion on walls.[CH;SS| was monitored by photoioniza-
tion mass spectrometry in excess NO

Accepted the value of Dominet all

See Comments on Preferred Values.

(b)
(©

Preferred Values

k=1.8x10 1 ¢cm® molecule’ ! s at 298 K.

Comments on Preferred Values

The study of Domineet al! has provided the only avail-
able value for the rate coefficient of this reaction. This value
is accepted but with substantial error limits until confirma-
tory studies are made. The preferred value is identical to that
in our previous evaluation, [IUPAC, 1997.

References

1F. Domine T. P. Murrells, and C. J. Howard, J. Phys. Ch&¥, 5839
(1990.

2NASA Evaluation No. 12, 1997see references in Introductipn

3|UPAC, Supplement V, 1997see references in Introductipn

CH3SSO + NO, — products

Rate coefficient data

k/cn?® molecule * 571 Temp./K Reference Comments
Absolute Rate Coefficients

(4.5+1.2)x10° %2 297 Domine Murrells, and Howard, 1990 @
Reviews and Evaluations

4.5x10 12 298 NASA, 1997 (b)

4.5x10712 298 IUPAC, 1997 (©

Comments (b) Accepted the value of Dominet all
. . S ¢) See Comments on Preferred Values.

(@ Fast-flow discharge system with photoionization mass( )

spectrometric detection of products. €F80 radicals
were produced by C§8S+ NO, — CH3SSO+ NO.
Mass 47 peak was monitored in excess ;Nénd
the contributions from CEB and CHSSO (from
CH;SSO+ hy — CH;S" + e + SO were sepa-

rated by modeling using data from other mass peaks.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997

Preferred Values

k=4.5x10 2 cm® molecule * s™! at 298 K.

Reliability
Alog k=*0.3 at 298 K.
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Comments on Preferred Values References
The study of Domineet al! has provided the only avail-
able value for the rate coefficient of this reaction. This value

is accepted but with substantial error limits until confirma-

IF. Domine T. P. Murrells, and C. J. Howard, J. Phys. Ch&¥, 5839
990

Fory StUdies_ are made. The preferred value is identical to thatyasa Evaluation No. 12, 1997see references in Introductipn
in our previous evaluation; IUPAC, 1997. 3|UPAC, Supplement V, 1997see references in Introductipn

O3 + CH;SCH3 — products

Rate coefficient data

k/cm® molecule * s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
<8.3x10°1° 296 Martinez and Herron, 19¥8 (@
Reviews and Evaluations
<1.0x10718 298 NASA, 1997 (b)
<1x10718 298 IUPAC, 1997 (b)
Comments Comments on Preferred Values
. . . The preferred upper limit to the rate coefficient is based
(@) Static system with MS detection of;0 P pp . " .
. upon the sole study of Martinez and Herrband is identical
(b) Based on the study of Martinez and Herfon. . ; !
to that in our previous evaluation, IUPAC, 19%7.
(c) See Comments on Preferred Values.
References
Preferred Values IR. I. Martinez and J. T. Herron, Int. J. Chem. Kin@, 433(1978.
2NASA Evaluation No. 12, 1997see references in Introductipn
k<1x10 18 cm® molecule ! s71 at 298 K. 3|UPAC, Supplement V, 199%ee references in Introduction

ClO + CH3SCH3; — products

Rate coefficient data

k/cm® molecule* s7* Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(3.9+0.5)x10 298 Barneset al, 1989 DF-MS
(9.5£2.0)x10°1® 298+ 1 Barneset al, 199% DF-MS
Reviews and Evaluations
9.5x10°%° 298 NASA, 1997 (@
9x1071® 298 IUPAC, 1997 (b)
Comments Reliability
=+
(@) Based on the rate coefficient of Barnetsal? Alog k=+0.5 at 298 K.
(b) See Comments on Preferred Values.
Comments on Preferred Values
The two available measuremeht®f this rate coefficient
are from the same laboratory using basically the same tech-
Preferred Values nigue. In thfe earlier studywall effgc_ts were evident f_:md it
was recognized that the rate coeffici&rtbtained was likely
k=9x10 1® cm® molecule ! s™* at 298 K. to be an upper limit. Better control of wall effects was ob-

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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tained in the later study,and the rate coefficient obtained References

was preferred. The reaction is usually assumed to produce

CH,S(O)CH; + ClI but, although the sulfoxide has been de-

tected! no yields have been measured. 1|, Barnes, K. H. Becker, D. Martin, P. Carlier, G. Mouvier, J. L. Jourdain,
In view of the potential for heterogeneous wall reactions G. Laverdet, and G. Le BrasBiogenic Sulfur in the Environmeretdited

(as evident from the discrepancies between the two studies 012’0% ?N S?}'Fzma” "jl‘jng Vlvg ;9 Ci‘éie" ACS Symposium Series, No. 393

1, : _ y asl |ngton, y p. .

Bf?.meset al. 2) tge prr(]aferred value is ba(?ed fog the r?tg co 2|, Barnes, V. Bastian, K. H. Becker, and R. D. Overath, Int. J. Chem.

efficient reported in the most recent study of Bareesl, Kinet. 23, 579 (1991,

but with substantial error limits, and is identical to that in our 3yasa Evaluation No. 12, 1997see references in Introduction

previous evaluation, IUPAC, 1997. 4IUPAC, Supplement V, 1997see references in Introductipn

BrO + CH3;SCH; — products

Rate coefficient data

k/cm® molecule * s Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(2.65+0.65)x 10713 298 Barneset al, 1989 DF-MS
(2.7£0.5)x10713 298+1 Barneset al, 1997 DF-MS
1.5x 10" exq (845+175)/T] 246-320 Bedjanianet al, 1996 DF-MS (a)
(2.7+0.2)x10° 12 297
Reviews and Evaluations
1.5x 107 1% exp(850T) 240-320 NASA, 199% (b)
<2.7x10°13 298 IUPAC, 1997 (©
Comments and of the corresponding reaction of CIO with ¢FCH;,

difficulties were encountered due to wall reactions. In this
respect the later studie$are much improved. The preferred
values are taken from the most recent temperature-dependent
study of Bedjaniaret al3

The reaction produces G8(O)CH; + Br as the domi-
nant, if not only, products under the experimental conditions
employed® The reaction is postulatédo proceed by:

BrO + CH,SCH; = [CH,S(OBr)CH]
l

(@ CH3S(O)CH; was observed as a reaction product, with
a measured formation yield at 320 K and 1.3 miar
Torr) total pressure of 0.940.11.

(b) Based on the rate coefficients of Bedjanitral3

(c) Upper limit to the rate coefficient, based on the study
of Barneset al?

Preferred Values

k=2.6x10"1% cm® molecule * s™* at 298 K. CH;S(O)CH; + Br.
k=1.5x10 1% exp(845/T) cm® molecule * s™* over the

temperature range 240-320 K. References

1|. Barnes, K. H. Becker, D. Martin, P. Carlier, G. Mouvier, J. L. Jourdain,
Reliability G. Laverdet, and G. Le Bra8iogenic Sulfur in the Environmengdited
. by E. S. Saltzman and W. J. Cooper, ACS Symposium Series, No. 393
Alog k==*0.2 at 298 K. (ACS, Washington, DC, 1989p. 464.
A(E/R)=%=300 K. 2|. Barnes, V. Bastian, K. H. Becker, and R. D. Overath, Int. J. Chem.
Kinet. 23, 579 (1991).

3 > .
Comments on Preferred Values Y, Bedjanian, G. Poulet, and G. Le Bras, Int. J. Chem. Ki2&. 383

. ... (1996.
The three available measurements of the rate coefficientyasa Evaluation No. 12, 1997see references in Introduction
are in good agreemeht.? In the first study of this reactidn ~ ®IUPAC, Supplement V, 1997see references in Introduction

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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IO + CH3SCH; — products

Rate coefficient data

1491

k/cm® molecule* s71 Temp./K Reference Technique/Comments
Absolute Rate Coefficients
(3.0+1.5x10° % 296+ 2 Barneset al, 1987 @
(1.5+0.5)x 107 ¢ 298 Martin et al, 1987 DF-MS
<3.5x107 %4 298+ 2 Daykin and Wine, 1990 PLP-A (b)
(1.5+0.2)x 10" 14 298 Maguinet al, 1997 DF-MS
(8.8£2.1)x1071° 298+ 1 Barneset al, 199P DF-MS
Reviews and Evaluations
1.2x107 4 298 NASA, 1997 ()
1.2x10° % 298 IUPAC, 1997 (d)

@

(b)
(©)

(d)

k=1.2x10 1 cm® molecule * s™! at 298 K.

Reliability
Alog k=*0.5 at 298 K.

Comments on Preferred Values
In the earlier studies of this reaction by Barmgsal! and

Comments

Photolysis of N@Q-1,—CH;SCH;—N, mixtures. Pho-
tolytic production of O¢P) atoms from NQ formed 10
radicals via the reaction &) +1, — 10 + 1. The
concentrations of NO, N CH;SCH;, and

ary chemistry and heterogeneous processes occurring under
the conditions used. The two most recent stufiispth us-

ing the same technique, give much lower values but differ
from each other by nearly a factor of 2. Support for these
lower values comes from the laser photolysis study by
Daykin and Wine® where an upper limit to the rate coeffi-

CH5S(O)CH, were followed as a function of time by cient was obtained which is some three orders of magnitude
FTIR absorption spectroscopy. A computer fit of the . : i .
lower than those derived in the earlier studies of Barnes

measured product yields to a 16-step reaction mecha-, 'y : 2
. : : - et al” and Martinet al:
nism yielded the cited rate coefficient.

10 radicals were monitored by long-pathlength absorp- CH3S(84)EH3 has bgen dgtegted in a number - of
. studiest'>*® and a semi-quantitative measurement of the
tion at 427 nm. . 5 .
. - . 4 Yield by Barneset al> gave a yield of 0.84 0.40. The pre-
Derived from the rate coefficients of Maguit al: . . .
5. g ; : ferred value is the mean of the rate coefficients of Maguin
and Barne®t al,> which are consistent with the upper

limit to the rate coefficient measured by Davkin and et al* and Barnet al.® and is identical to that in our pre-
Wine3 y bay vious evaluation, IUPAC, 1997In view of the differences

between the rate coefficients obtained from these two stud-
See Comments on Preferred Values. s : S .
ies,”” substantial error limits are assigned.

Preferred Values References

1. Barnes, K. H. Becker, P. Carlier, and G. Mouvier, Int. J. Chem. Kinet.
19, 489(1987).

2D. Martin, J. L. Jourdain, G. Laverdet, and G. Le Bras, Int. J. Chem.
Kinet. 19, 503 (1987.

3E. P. Daykin and P. H. Wine, J. Geophys. R@5,. 18547(1990.

4F. Maguin, A. Mellouki, G. Laverdet, G. Poulet, and G. Le Bras, Int. J.
Chem. Kinet.23, 237 (1991).

5|. Barnes, V. Bastian, K. H. Becker, and R. D. Overath, Int. J. Chem.
Kinet. 23, 579(1991).

. 2 - . .
Martin et al.“ erroneously high values were obtained which syasa Evaluation No. 12, 1997see references in Introduction
are now believed to have been due to features of the second+UPAC, Supplement V, 1997see references in Introduction
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OCS + hv — products

Primary photochemical processes

Reaction AH°/kJ-mol™* NthresholdNM
0CS+hv — CO+SCP) (1) 308 388
— CO+S(D) (2 419 286

Absorption cross-section data

Wavelength range/nm Reference Comments

185-300 Molina, Lamb, and Molina, 1981 (@

Quantum yield data (¢p=d,+ ¢»)

Measurement Wavelength region Reference Comments

&1/¢,=0.055 222 Nan, Burak, and Houston, 1893 (b)

¢$=1.04 = 0.09 248 Zhao, Stickel, and Wine, 1§95 (o)
Comments Preferred Values

(@ At a spectral resolution of 0.2 nm, at temperatures

of 295 and 225 K. Data were given in figures and 10% alen?
tables showing values averaged over 1 nm and aver/nm 295 K 225 K &
aged over wavelength intervals generally used inzgq 0.0009
stratospheric photodissociation calculations. A value of 295 0.0023 0.0013
— 19 <1 : 290 0.0077 0.0035
Tmax=3.27x101° cn? molecule * was determined at 285 0.0218 0.0084
223 nm. 280 0.0543 0.0206
(b) Pulsed laser photolysis of OCS at 222 nm. Doppler 27> 8-;324 8-;’227
profile of SGP,) was monitored by LIF at 147 nm. CO 265 0.960 0423
used to quench $D). S@P,) yield of 0.050 relative to 260 252 1.16 1.0
1 ; ; 255 6.64 3.46 1.0
S( [?) obtained. S{P;) an-d S(”‘P@ were not monitored 57 165 579 10
but if they were present in statistical amounts then total 245 38.2 251 1.0
triplet yield=0.055. ;‘3‘2 12;-2 15;2-3; 11-%
(¢c) Excimer laser flash photolysis of flowing OCSN 230 2438 211.8 10
N,O and CQO)Cl,—N,—N,O gas mixtures at 248 nm. 225 3104 283.0 1.0
- ; 220 304.8 287.5 1.0
Concentration (?f CO was monltoredl by TDL&.was 215 2416 36,2 1o
measured relative to the quantum yield for production 210 150.8 151.6
of CO from photolysis of @D)Cl,, which is known to 305 gg-g gg-g
be unity. Measurements were carried out at 297 K and;gg 202 18.9
pressures of 5—133 mb&t—100 Torj N, + N,O. 190 39.7 26.8
185 190.3 135.7

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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Comments on Preferred Values state. Sidhuet al.” reported¢,/$=0.74 and Breckenridge
There is good agreement among all of the recent crossand Taub® reported ¢,/¢=0.74+0.04. Nanetal? re-
section measurements far< 280 nm*#°> At A\>280 nm the  ported ¢,/ ¢$,=0.055, which when combined with the pre-

data of Molinaet al! appear to be the most accurate. Theferred value of¢p= ¢, + ¢,=1.0 yields¢,/=0.95.
higher values in Ref. 4 may be due to the presence of@S
_othe_zr unldentn‘le_d trace contan_unants or alternatively dimer- References
ization of OCS in the pressurized cell employed. The pre-
4 1

ferred values are 5 nm averages based on the Meliz IL. T. Molina, J. J. Lamb, and M. J. Molina, Geophys. Res. L&tt1008
data. The results of Lockest al.”> whose results were pre-  (1981.
sented in graphical form, agree with these values. zG- Nan, I. Burak, and P. L. Houston, Chem. Phys. L2019, 383(1993.

The preferred overall quantum vyield of 1.0 is based on Zl.gggao, R. E. Stickel, and P. H. Wine, Geophys. Res. L2#.615
results rgported recently by Zhat al® This valqe is ;ignifi- 4R.N. Rudolf and E. C. Y. Inn, J. Geophys. R&S, 9891 (1981).
cantly higher than the preferred valye=0.8 given in our  5J. R. Locker, J. B. Burkholder, E. J. Bair, and H. A. Webster, J. Phys.
previous evaluatiof,which was the average of the values 6|(th|§,£\“(';873’ 18?4(1983\-/ 1097 f i Inroductin

H 7 , Supplement V, see references In Introductipn

reported by Rudolph anq Iﬁ_r(O_.?Z) and by Sidhuet al. K. S. Sidhu, I. G. Csizmadia, O. P. Strausz, and H. E. Gunning, J. Am.
(0.9. Results o_f all stu_dles indicate that S atoms are pro- chem. Socss, 2412(1966.
duced predominately in the 89) electronically excited ®w. H. Breckenridge and H. Taube, J. Chem. PI88;.1750(1970.

CS, + hv — products

Primary photochemical processes

Reactions AH%gkJ-mol™t NthresholdNM

CS + hv—CS; 1) >277
— CS+SCP (2 432 281
—CS+s(D) (¥ 543 223

Absorption cross-section data

Wavelength range/nm Reference Comments

271-374 Hearn and Joens, 1991 @)

180-230 Chen and Wu, 1995 (b)
Comments Preferred Values

(@ Spectral resolution 0.06 nm. Deuterium lamp was used

as source but results checked using atomic limes-  x/nm 16° olen? Nnm 16° a/cn?
row band width from argon-mercury lamp and by 595 10 335 6.0
measurements at 260 nm on the well characterized bensos 35 345 3.0
zene spectrum. Results presented in graphical form in315 62 355 0.8

paper but authors provide data points at 0.02 nm inter->2 37

vals on request.

(b) Spectral resolution 0.08 nm. Synchroton radiation was
used as a continuum light source. Measurements were
made at 203, 295, and 385 K. Significant temperature
effects and hot bands were observed. Results were pre-
sented in graphical form in paper but authors provide
data points at 0.005 nm intervals on request. docs=1.2x10"2 for 290-360 nm region in 1 bar air.

Quantum Yields

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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Comments on Preferred Values Since there is insufficient energy to dissociate, G&
The measurements of Hearn and Jdemsthe absorption \>281 nm the photochemical reaction yielding OCS and
spectrum were carried out using similar conditions of tem-SO,, studied by Jonest al in the range 290-360 nm and
perature, resolution, pathlength, and gas pressure to thosghers’® must arise from reactions involving excited £S
used by Wu and Judgeln both cases the resolution used molecules; see discussion of this in Gessal®
(0.06 nm is higher than in the study of Winet al* (0.4
nm). All of these studies confirm the banded nature of the
spectrum(280—370 nm The values of the cross-section ob-
tained by Hearn and Joénare some 10-15% higher than
those obtained by Wu and Judgend there are minor differ-
ences in the band structures observed. The preferred values
given are mean values of unpublished results from the AERE C: H. Hearn and J. A. Joens, J. Quant. Spectrosc. Radiat. THB)S9

References

. , (1991.
Laboratories, Harwellquoted as preferred values in IUPAC, 2£"7 Ghen and C. Y. R. Wu, Geophys. Res. Leg, 2131(1995.
1992) and those of Hearn and Joéns. 3C. Y. R. Wu and D. L. Judge, Geophys. Res. L8{t769 (1981).

The recommended quantum yield for OCS production4P. H. Wine, W. L. Chameides, and A. R. Ravishankara, Geophys. Res.
o C o e _ Lett. 8, 543(1981).

from the phot0|n|t|at69d QXId.atl.on of G3n arr Is thaj{ re 5IUPAC, Supplement IV, 1992see references in Introduction
ported by.Joneet al, vv_h|ch |s4|n good agreement with the eg . R. Jones, R. A. Cox, and S. A. Penkett, J. Atmos. Ch&ns5
value estimated by Winet al* from the earlier data of  (1983.
Wood and Heickleh (i.e., ¢ocs=0.01-0.015 The recom- ~ 'W.P. Wood and J. Heicklen, J. Phys. Cheff, 854(1970.
mended value might best be considered an upper limit since'\C"heani%rglcgg'g'(fégaamoc’d' O. P. Strausz, and H. E. Gunning, Can. J.
the observed slow oxidation of the £€ould have been due, o . .Go’ss, G. J. Frc;st, D. J. Donaldson, and V. Vaida, Geophys. Res.

at least in part, to other mechanisms. Lett. 22, 2609(1995.

CH3SSCH3 + hv — products

Primary photochemical processes

Reaction AH®/kJ-mol~* MthreshoidNM
CH,SSCH, — CH,SS+ CH; (1) 238 502
— 2CH,S %) 274 437

Absorption cross-section data

Wavelength range/nm Reference Comments

201-360 Hearn, Turcu, and Joens, 1990 @

Quantum yield data

Wavelength range/nm Reference Comments
193-248 Baroneet al, 1994 (b)
Comments (b) Primary quantum yields for formation of F%) and

2 . - B .
(@ Cary 2300 double beam UV spectrophotometer used CH,S(*E) from photodissociation at excimer Wa_Ve'
with a resoluton of 0.10 nm. Photolysis of lengths 193, 222, and 248 nm were measured, with H

mbar (100 Tor). Temperature300+ 2 K. LIF.

J. Phys. Chem. Ref. Data, Vol. 26, No. 6, 1997
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Nnm 16¢° o/em? Nnm 16° o/cn?
201 1053.0 280 49.8
205 850.0 285 36.0
210 630.0 290 25.15
215 312.0 295 17.06
220 138.7 300 11.27
225 85.6 305 7.24
228 (min) 82.3 310 4.57
230 84.2 315 2.85
235 96.0 320 1.79
240 110.0 325 1.09
245 120.7 330 0.67
250 125.4 335 0.38
251 (max) 125.6 340 0.22
255 123.3 345 0.14
260 113.9 350 0.07
265 99.3 355 0.04
270 82.7 360 <0.01
275 65.4

Comments on Preferred Values

The preferred values for are those of Hearret all
which agree well with the earlier values cited in Calvert and 53, Balla and J. Heicklen, Can. J. Ched2, 162 (1984.

1495

Pitts® Sheraton and Murray’s spectrdragrees qualitatively
with the other studies, but the reported absorption coeffi-
cients are significantly lower.

Baroneet al? report the primary quantum yield for G8
production to be 1.650.38 at 248 nm and 1.200.14 at 193
nm. These authors report that no H atoms were observed at
248 nm, and that at 193 and 222 nm H atom production was
only a minor process and could be due to sample impurities.
These results and those of Balla and Heicklewlicate that
at wavelengths of importance to atmospheric photochemistry
dissociation occurs primarily by S—S bond scission to give
2CH;S. The significantly lower value ap(CH;S) at 193 nm
implies the existence of an additional channel at these short
wavelengths.

References

1C. H. Hearn, E. Turcu, and J. A. Joens, Atmos. EnvirgdA, 1939
(1990.

2s. B. Barone, A. A. Turnipseed, T. Gierczak, and A. R. Ravishankara, J.
Phys. Chem98, 11969(1994.

3J. G. Calvert and J. N. Pitts, JiRhotochemistry (Wiley, New York,
1966, p. 490.

4D. F. Sheraton and F. E. Murray, Can J. Ch&®,.2750(1981).

CH3SNO + hv — products

Primary photochemical processes

Reaction AH°/kJ-mol™* NthreshoidM
CH,SNO— CH;S+ NO (1)
— CHz+ SNO  (2)
Absorption cross-section data
Wavelength range/nm Reference Comments
190-430 Niki et al, 1983 @
Quantum yield data
No data available
Comments cal form. Values of ¢=24x102%" and
5.8x 10" 2% cm? molecule * were quoted for 510 and
(@ Cary 14 double beam spectrophotometer used; the q

spectral resolution was not reported. Measurements of
o were made over the range 190—600 nm, but only the
results in the range 190—-430 nm were given in graphi-

545 nm, respectively. Values given in the table were
taken from the graph. Temperatar298 K.
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Preferred Values 5. Appendix 1
Enthalpy D
Wavelength/nm 10" o/cm? Wavelength 10'° g/cm? nthalpy Data
190 5 310 14.9 Most of the thermochemical data have been taken from
195 104 320 18.5 evaluations or reviews. In some cases, we have selected
200 (max) 162 330 21.3 more recent experimental data, which appear to be reliable.
205 91 335(max) 21.6
210 (min) 81 340 21.5
215 98 350 19.6 Species AHSggkd-mol ™t AH3/kI-mol ™t Reference
218 (max 104 360 16.5
220 9 370 12.7 H 217.998 24
225 73 380 9.6 H, 0 0 24
230 40 390 6.7 (@) 249.18 246.79 24
240 16 400 45 O(*D) 438.9 436.6 29
250 35 410 2.9 0, . 0 0 24
260 1.7 420 2.0 0,("A) 94.3 94.3 29
264 (min) 15 430 1.3 0,(*%) 156.9 156.9 29
270 1.8 03 142.7 145.4 63
280 2.7 510 0.24 HO 39.3 39.0 35
290 5.2 545 0.58 HO, 14.6 35
300 9.3 H,O —241.826 24
H,0, -136.32 —130.04 63
N 472.68 24
N, 0 0 24
Comments on Preferred Values NH 352 53
The spectrum of CEBENO consists of a weak transition in NH, 168.7 35
the 500—600 nm region showing some vibrational fine strucNHs —45.94 24
ture and stronger continuous bands at shorter Waveleﬁgth#:‘IO 90.25 89.75 63
. L : 0, 33.2 36 63
The CH;S—NO dissociation energy has been estintated NO, 73.7 o5
be approximately 110 kJ mot but because more reliable N,O 82.05 85.50 63
data are not available we do not give wavelength limits forN,0O, 9.1 18.7 18
the dissociation channels tabulated. N2Os 11.3 18,25
The only available data for values in the gas phase :mg 171§'§ 17?'0 6238
s 1 . . 2 - . -
appear to _be t.hose of Nilgt al.* who haveT published their HNO, 13506 19597 63
results mainly in the form of graphs covering the range 190-+o,N0, —57 51
430 nm. Their published spectrum shows no fine structureH 596.4 35
but appears to consist of overlapping continua with thre&Hz(jBD 390.4 35
maxima at approximately 200, 218, and 335 nm. The pre9H2( A 428.3 35
ferred values of in th 190-430 taken f ; 1a64 3
erred values obr in 1e range - nm are taken from . 7481 _66.82 63
the graphs of Niket al.* and cannot be considered to be very cn 435 18,35
precise. The two values at 510 and 545 nm are numericalCN 135 18
values quoted in the same stuty. HCO 41.8 20
There have been no quantum vyield measurements. B§H29 —1086 —104.7 29
logy with CHONO photolysis the pri d : 172 3
analogy with CH photo ysis t' e primary products are ;o _178 34
expected to be Cy$ and NO. Th|§ is supported by the. wprk CH,OH —201.6 23
of McCoustra and Pfgbwho studied the photodissociation co —-110.53 24
of CH3SNO in a molecular beam and by the study of Niki NCO 159 18
et al* who found CHSSCH and NO to be the only major ﬁgggH _3: . 716 3;
products from CHSNO photolysis at 300—400 nm. CH:0, 10.4 a1
CH;O0H -131 18
HOCH,0, -162.1 41
CH;ONO -65.3 8
CH,ONO, -119.7 8
CH,O,NO, —44 51
Co, —393.51 24
CH 566.1 35
References C,H, 228.0 23
C,H, 300.0 35
1H. Niki, P. D. Maker, C. M. Savage, and L. P. Breitenbach, J. Phys.C;H4 52.2 23
Chem.87, 7 (1983. C,Hs 120.9 35
2M. R. S. McCoustra and J. Pfab, Chem. Phys. L¥3, 355 (1987). CoHg —-84.0 23
3S. W. Benson, Chem. ReV8, 23 (1978. CH,CN 243.1 35
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Enthalpy Data—Continued Enthalpy Data—Continued

Species AH%egkd-mol™t AH$/k-mol ™t Reference  Species AH%ogkJ-mol~t A¢H/kI-mol~t Reference
CHLCN 64.3 57 FO 109 108 17
CH,CO —-47.7 50 FO, 25.4 27.2 17
CH,CO -10.0 35 FONO 67 4
CH,CHO 10.5 35 FNO, -108.8 51
CH=CHOH 115 56 FONG, 10 18 18
CH,CHO -165.8 23,57 CH,F —318 35
C,Hs0 —15.5 35 CH;F —232.6 37
CHyCHOH ~63.6 35 —392.
C,HsOH —234.8 23,57 FCO —-171.5 —-172.1 18
(CHO), -211.9 23,57 P2 0 0 24
CH4CO, ~207.5 35 SEFé :igg-g jg’
CH,COH —432.04 23,57 CH2C2H . iy 10
C,H:0, -28.7 41 CF3 2 a1 2
CH;00CH, -125.7 23,57 2 :

COR, -634.7 —-631.6 63
CH;C(0)0, -172 41 CHF, 6976 20
C,H:ONO -103.8 23,57 CF, 4574 35
C,H:ONO, —154.0 23,57 CH,CF; 5171 35
CaHsONO, —63.2 27 CHLCF, ~748.7 36
CH,=CHCH, 170.7 35 CH,FCHF, 601 36
CsHg 20.2 23,57 CF.0 6556 5
n-CsH; 91.5 35 CRoOH ~923.4 21
i-CgHy 90.0 35 CF.OF _785 0
CsHg —-104.5 23,57 CR,0, 6140 a1
CHyCOCH, -23.9 35 CF,COM —1031 52
C,HsCHO -187.4 23,57 CR.ONO, 686 27
CH,COCH;, —-217.2 23,57 CF, 933 927 54
CsHeOH —74 8 cl 121.30 24
n-C3H,0 —41.4 35 HCl -92.31 24
i-C3H,0 —-52.3 35 HOoCI -78 -75 29,44
i-C3H,OH —2725 23,57 CclO 101.6 1
CH;COCHO -271.1 23,57 cloo 97.5 3
C;3H:0, 87.9 41 oclo 95.6 30,46
i-C5H,0, -68.9 41 symCIO; 232.6 22
n-CsH;ONO, —-174.1 23,57 CINO 51.7 53.6 18
i-CsH,ONO, -190.8 23,57 CINO, 12,5 18.0 63
CH;C(O)O,NO, —258 12 CIONO 56 51
S 277.17 24 CIONG, 22.9 2
HS 143.0 48 CH,CI 121.8 60
H,S -20.6 24 CHyCIO, 9.2 41
HSO —4 42 CHCI -82.0 —-74.0 54
SO 5.0 5.0 18 CHFR,CI —483.7 19
HSO, —222 11 CH;CHFCI —313.4 36
SO, —206.81 24 CHLCF.CI —536.2 36
HOS —385 43 CIiCO —-21.8 47
SO, e —3095.7 —390 63 COFCI —427 —423 18
HSNO 94 10 CFCl —-20 40
CH,S 124.6 48 CFRCI —279.1 35
CH,SH —-229 52 CF,CIO, —406.5 41
CH,SCH, 136.8 32 CF,CIONO, —480 38
CH5SCH; —37.24 63 CRCI —-707.9 —702.9 19
cs 272 268 7 C:z 0 0 24
CH;SO -67 14 Cl,O 772 58
CH,S00 75.7 87.9 61 Cl,0, 127.6 46
ocs —-142 —-142 63 glélos ;gg ;2

. 2

%H3SS 126?3 00 2? CHCl, 98.3 60
CH,SSCH, 243 7 CHCLO, 16 41
cs, 117.2 116.6 63 g:zFCCi —2 Zi-g —-885 15:
H 110. 4 —284.
,:OCSQ 78.28 zi cocl, -220.1 -218.4 29
HF —273.30 24 CFCh —-89.1 60
HOF —o8 —95 18 CFCLO, —213.7 41
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Enthalpy Data—Continued

Species AH%ogkd-mol~t AHg/kI-molt Reference
CFCLO,NO, —286 38
CF,Cl, —493.3 —-489.1 19
CH,CICF,CI —543 40
CF,CHCl, —740 40
CF,CICHFCI —724 40
CF,CICF,CI —9255 36
CCly 71.1 69.9 31
CCl,0, -11.3 41
CClLO,NO, —-83.7 38
CHCl, —103.3 18
C,HCl, -7.8 -43 63
CH4CCly —144.6 36
CFCl —284.9 —-281.1 19
CF,CICFC}, —726.8 36
ccl, -95.8 —-93.6 54
C,Cl, -12.4 -11.9 18
C,Cls 335 49
Br 111.87 24
HBr —36.29 24
HOBr =-56.19 55
BrO 125.8 133.3 15
BrNO 82.2 91.5 63
BrONO 103 26
BrNO, 63 39
BrONO, 47 51
CH,Br 169.0 60
CH;,Br -38.1 9
CF4Br —650 40
CF,CIBr —438 40
BrCl 14.6 22.1 18
Bry(g) 30.91 24
Br,O 107.1 59
CHBr, 188 60
CF,Br, —379 40
CF,BrCF,Br —789.9 36
CHBr, 23.8 9
[ 106.76 24
HI 26.50 24
HOlI —-90 33
10 126 6,16
INO 121.3 124.3 62
INO, 60.2 66.5 62
CH,l 230.1 35
CHgl 14.2 23
CFyl —589 18
1,(0) 62.42 24
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