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Data collections and critical data evaluations are not the same !

Critical data evaluations require:

groups of true experts

(experience !)

experimentalists

(with appreciation of theoretical models)
theoreticians

(with appreciation of experimental relevance)
users

(if possible, indicating fields of interest)
some money, more devotion

difficult to realize
(because of very little support)



Examples:

(i) IUPAC Subcommittee on Gas Kinetic Data Evaluation for Atmospheric
Chemistry (starting as a CODATA task group 1978, enduring until present

Atkinson, Baulch, Cox, Crowley, Hampson, Hynes, Jenkin, Rossi, Troe,
new members: Ammann and Wallington)

New evaluations in Atmos. Chem. Phys. 2004 ... and on the web

(ii) NASA-JPL Panel for Chemical Kinetics and Photochemical Data for use
in Atmospheric Studies
(Sander, Fried|, Golden, Kurylo, Huie, Orkin, Moortgat, Ravishankara,
Kolb, Molina, Finlayson-Pitts Evaulation — No 15, enduring until present)

JPL Publications on the web



(iii) Combustion data evaluations
(starting as an EU task group, then under the auspices of the IUPAC

Commission on Chemical Kinetics, ended in 2004;
Baulch, Bowman, Cobos, Cox, Just, Kerr, Pilling, Stocker, Troe, Tsang,

Walker, Warnatz)

last publication: J. Phys. Chem. Ref. Data 34, 757 — 1397 (2005)

will never be managed again ( 7))



Case study

O+0OH—-0,+H
H+O,—-HO+O

Thermochemistry: improving
Equilibrium constants: improving
Experiments: improving
Theories: potential improving

classical trajectories
quantum scattering

Intermediate HO,
Spectroscopy: improving

Basic dilemmata unsolved: zeropoint energy in classical trajectory calculations?
low temperature experiments?
contribution of several electronic states?
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analysis of the system. The value of Ingham ef al.® is also
slightly uncertain [see Comment (b)] and for present pur-
poses their maximum value is taken. When this value is com-
bined with the results of Eng et al’® the Arrhenius function
k=7.4-10"" exp(—25064/T) cm’® molecule™'s™! fits the
results well but the activation energy of 208 kI mol ™! is con-
siderably higher than the enthalpy of reaction. suggesting
that a non-Arrhenius expression is required. Although it may
be argued that the temperature exponent of 2.5 adopted in
this evaluation for the reactions O, +RH—HO,+R, where
R is an electron-localized radical, should be enhanced by
about a factor of 4 for a delocalized radical arising from
decreased effects on the pre-exponential factor at high tem-
peratures, 2.5 is maintained for consistency and the risk of
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overestimating k at temperatures above those used in the
study of Eng et al..” the values of which are probably high
by about a factor of 2.

'J. L. Emdee, K. Brezinsky, and I. Glassman, J. Phys. Chem. 96, 2151
(1992).

2T. Ingham, R. W. Walker, and R. E. Woolford, 25th Symp. (Int.) Combus-
tion, 1994, p. 767.

*R. A. Eng, C. Fittschen, A. Gebert, P. Hibomvschi, H. Hippler, and A.-N.
Unterreiner, 27th Symp. (Int.) Combustion. 1998, p. 211.

4CEC. Supplement I, 1994 (see references in Introduction).

K. Brezinsky, T. A. Litzinger, and I. Glassman, Int. J. Chem. Kinet. 16,
1053 (1984).

“A. B. Lovell, K. Brezinsky, and I. Glassman, 22nd Symp. (Int.) Combus-
tion, 1989, p. 1063.

N. D. Stothard and R. W. Walker, J. Chem. Soc. Faraday Trans. 87, 241
(1991).

H+0,—-0+0H

Thermodynamic Data

AH05=68.29 kJ mol '
AS%5=25.04J K™ mol™!
K.=2.88-10° T3 exp(—8390/T)

(300=T/K=5000)

See Section 3 for the source of the Thermodynamic Data.

Rate Coefficient Data

k/em® molecule™'s™! T/K Reference Comments

Rate Coefficient Measurements
2.0-107 "0 exp(—8107/T) 1000-2500 Pamidimukkala and Skinner, 1982' (a)
1.78- 10" " exp(—7400/T) 1000-1350 Vandooren, Nelson da Cruz, and Van Tiggelen, 1988° (b)
2.8-107 "0 exp(—8118/T) 962-1705 Pirraglia ef al., 1989° (c)
155107 " exp(—7448/T) 1450-3370 Masten, Hanson, and Bowman, 1990* (d)
2.64-1077 77997 exp(—8493/T) 10502700 Yuan ef al., 1991° (e)
1.15-107 " exp(—6917/T) 1103-2055 Shin and Michael, 1991° (f)
1.55- 107 " exp(=7270/T) 2050-5300 Du and Hessler, 19927 (2)
1.38- 1071 exp(—7253/T) 1336-3370 Yu et al., 1994° (h)
1.66- 10~ exp(—7690/T) 18503550 Yang et al., 1994° (i)
118107 " exp(—6957/T) 1050-2500 Ryu, Hwang, and Rabinowitz, 1995'" ()

Reviews and Evaluations
2.77-1077 T7% exp(—8750/T) 300-2500 Cohen and Westberg, 1983"! (k)

1.62- 1071 exp(—=7470/T) 300-2500

CEC, 1992; 199412

Comments

Shock tube study on rich and stoichiometric H, /O, /Ar
mixtures at pressures of 1.5-2.5 bar. [O] monitored by
time-resolved resonance absorption.

Lean low-pressure (46 mbar) CO/H, /0, /Ar premixed
flame. k derived from fit of O, reaction rate from [O,]
profiles measured by molecular beam sampling/mass
spectrometry.

Shock tube study in which H atoms were produced by
flash photolysis of NH; or H,O in the reflected shock
regime. Total pressures 13—40 mbar. [H] monitored by
time-resolved resonance absorption.

Shock tube study using rich H, /O, /Ar mixtures at to-
tal pressures of 0.3-2.6 bar. [H] monitored by ARAS in

incident shock experiments: absolute [OH] obtained by
cw laser absorption. k derived by numerical simula-
tions using a 23-reaction mechanism.

Shock tube study using reflected shocks in H, /O, /Ar
mixtures at total pressures of 1.4-3.4 bar. Relative
[OH] monitored by time-resolved cw laser absorption.
k obtained by numerical simulations using a 19-
reaction mechanism.

Shock tube study using reflected shocks in O, /H,0 or
NH; /Ar mixtures at total pressures of 0.3—1 bar. H
produced by excimer laser photolysis of H,O or NH;.
[H] monitored by time-resolved ARAS under pseudo
first order conditions.

Shock tube study using incident shocks in rich
H, /0, /Ar mixtures at total pressures of 0.75—1.6 bar.
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[OH] determined by pulsed laser absorption. k obtained
by using numerical simulations of a 17-reaction mecha-
nism to fit the [OH] profile.

(h)  Reinterpretation of experimental data of Yuan et al.}
and Masten er al.*

(i)  Shock tube study using reflected shocks in rich
H, /0,/Ar mixtures at pressures of 2.4-3.9 bar. Rela-
tive [OH] monitored by time resolved cw laser absorp-
tion. k obtained by using numerical simulations of an
11-reaction mechanism to fit the [OH] profile.

(j)  Shock tube study using reflected shocks in rich
H, /0, /Ar mixtures at total pressures of 0.7—-4.0 bar.
Relative [OH] monitored by c¢w laser absorption. k ob-
tained using numerical simulations of a 20-reaction
mechanism to fit the [OH] profile.

(k) Based on low temperature data for the reverse reaction
and a number of shock tube and flame studies. Recom-
mended expression is accepted by Tsang and
Hampson."?

(1) Accepts the expression of Baulch er al.'* adjusted to fit
data of Frank and Just" and Pirraglia ef al.®

Preferred Values

k=3.43-10"19 T %% exp(—7560/T) cm® molecule !
s~ ! over the range 8003500 K.

Reliability
Alogk==0.1 at 800 K, rising to 0.2 at 3500 K.

Comments on Preferred Values

There have been numerous studies of this reaction. For
clarity, only data since 1970 have been included in the
Arrhenius diagram although some of the earlier data are in
good agreement with those obtained more recently. The early
studies have been evaluated by Baulch et al. * and by Cohen
and Weslberg.H The review of Tsang and Humpson13 accepts
the recommendations of Cohen and Westberg.""

There are no direct measurements of k& below 500 K and
the recommended values are based on data obtained at tem-
peratures above 800 K. The majority of the determinations of
k have been made using shock tube techniques and. gener-
ally, are in good agreemenl.1’”'"5’25 There is a trend in the

more recent studies' ™'’ to give slightly lower values of E/R
than most of the older determinations.'>™>> Our preferred
expression for k is based on the more recent studies, which
are cited in the Table. The expression derived gives values
very similar to the expression used by Smith er al.*® in mod-
eling studies using the GRI mechanism.
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Rate Coefficient Data

k/em® molecule™' 57! T/IK Reference Comments

Rate Coefficient Measurements
2.0-107" exp(112/T) 221-499 Lewis and Watson, 1980’ (a)
3.8.107" 208 Howard and Smith, 1980° (b)
6.7-10710 7703 250-515 Howard and Smith, 1981° (b)
31-107" 300 Brune, Schwab, and Anderson, 1983* (c)
351071 299 Keyser, 1983° (d)
4.2-107 1 294 Smith and Stewart, 1994° (e)
45-1071 227
52-1071 190
6.1-107" 158

Reviews and Evaluations
5.42-107 13 799 exp(1112/T) 1000-5300 Michael, 19927 (f)
2.0- 107" exp(112/T) 220-500 CEC, 1992; 1994% ()
24-1071 10002000
2.2-107 " exp(120/T) 220-500 NASA, 1997° (h)
23107 Mexp(110/7) 220-500 IUPAC, 1997'° (i)

Comments

(a) Discharge flow system with O generated by a discharge
in O, and OH by the H+NO, reaction. [OH] moni-
tored by resonance fluorescence.

(b) Discharge flow system with O generated by the N
+NO reaction and OH by flash photolysis of H,O.
[OH] monitored by resonance fluorescence.

(c) Discharge flow study with O atoms in excess over OH.
[OH] monitored by LMR and rf, [O] by rf and absorp-
tion, and [H] by resonance fluorescence.

(d) Discharge flow system with HO and HO, generated by
the reaction of H with NO, and O,. respectively. A
steady state concentration of HO and HI, was estab-
lished in the presence of excess O by the reaction se-
quence O+HO,—-HO+0,, O+OH—H+0O,, H
+0,+M—HO,+M. [HO] monitored by rf and
[HO,] by titration with NO and detection of OH. The
measured [HOJ/[HO,] gives k/k(O+HO,). Value of
k calculated using k(O+HO,)=5.7-10""" cm’
molecule 's ™! (this evaluation).

(e) Fast flow system in which OH radicals were created by
pulsed laser photolysis at 266 nm of HNOj; in the pres-
ence of a much higher concentration of O atoms previ-
ously produced upstream of the HNOj; injection point
by the N-+NO reaction. [OH] was monitored by LIF,
pumping at ~282.5 nm and observing at ~310 nm.
The time delay between the pulse generating OH and
the LIF probe pulse was varied. Results were also ob-
tained at 103 K, 50 K, and 10 K but with large uncer-
tainties.

(f)  Calculated from thermodynamic data and k(H+O,).

Expression of Lewis and Watson' adopted for low tem-

perature range and high temperature expression derived

from thermodynamic data and k(H+0O,).

(h) Based on the data of Westenberg et al.,"" Lewis and
Watson,' and Howard and Smith.’

D
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(i) Based on the data of Lewis and Watson' and Howard
and Smith.?

Preferred Values

k=2.00-10""" 7732 exp(113/T) cm® molecule™ 's™!
over the range 250-3000 K.

Reliability
A log k=*0.2 over the range 250-3000 K.

Comments on Preferred Values

The only direct studies on this reaction have been carried
out at low temperatures where there is excellent agreement
among the more recent of them.'® There are also a number
of older studies''™'* where the agreement is less good but
which generally support the more recent work. The data in
this regime have been reviewed by the NASA” and TUPAC"
Panels whose findings are accepted.

Although there have been no direct measurements of k
above 515 K the reverse reaction has been extensively inves-
tigated at temperatures in the range 800-3400 K. The pre-
ferred expression for k has been derived, therefore, by a fit to
the data obtained by combining the expression for k(H
+0,) from the present evaluation with the thermodynamic
data at temperatures above 800 K together with the directly
obtained experimental data at temperatures below 500 K.
The reaction has been the subject of a number of theoretical
studies; see Miller,'”™!" Troe.” Harding er al.? and Troe
and Ushakov.*
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