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132 ROGER ATKINSON

over the temperature range 293-599 K, with a 298 K rate
constant of 3.27 x 107! ¢m® molecule™ s~!, is un-
changed.

1-Propanol. The rate constants of Nelson et al.'® and
Tully” are given in Table 41. These rate constants are in
reasonable agreement with the previous recommendation
of Atkinson,' and a unit-weighted average of the rate con-
stants of Overend and Paraskevopoulos,” Wallington and
Kurylo,* Nelson et al.”® and Tully" leads to the recom-
mendation of

k(1-propanol) = 5.53 x 107" cm® molecule™' s~! at 298 K,

with an estimated overall uncertainty of +30%. This rec-
ommendation supersedes that previously recommended
by Atkinson' of 5.34 X 1072 cm® molecule !5~ at 298 K,
using the rate constants of Overend and Paraskevopou-
los® and Wallington and Kurylo.*

2-Propanol. The rate constants of Nelson et al.'® and
Tully" are given in Table 41 and are plotted in Arrhenius
form, together with the rate constants of Overend and
Paraskevopoulos® and Wallington and Kurylo,® in
Fig. 38. A unit-weighted least-squares analysis of the ab-
solute rate constants of Overend and Paraskevopoulos,”
Wallington and Kurylo,* Nelson et al.** and Tully'® and
the relative rate constant of Nelson et al.,'® using the ex-
pression k = CT? e~P7, yields the recommendation of

.k(2-pr0panol) =
(7.2123§) x 107" T2 ®! = T ¢m® molecule ™ s~

over the temperature range 240440 K, where the indi-
cated errors are two least-squares standard deviations,
and

k(2-propanol) = 5.32 X 107" cm’® molecule ™! s~ at 298 K,

with an estimated overall uncertainty at 298 K of +35%.
This recommended expression is similar to that of Atkin-
son' of

k(2-propanol) = 7.32 x 107" T? ¢**7 ¢m?® molecule ! 5!

over the same temperature range of 240-440 K, with a
298 K rate constant of 5.21 X 1072 em® molecule ™ s™!.

I-Butanol, The room temperature rate constants of
Nelson ez al.** and Tully" are given in Table 41. A unit-
weighted average of the absolute rate constants of
Wallington and Kurylo,* Nelson et al.** and Tully® and
the relative rate constant of Nelson ef al.'® leads to the
recommendation of

k(1-butanol) = 8.57 x 107 em® molecule™' s™! at 298 K,

with an estimated overall uncertainty of +35%.
1-Pentanol, 1-Hexanol and 1-Heptanol. The rate con-
stants of Nelson et al.”® are given in Table 41. These rate
constants of Nelson efal.'® are in good agreement with
the absolute room temperature rate constants of Walling-
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ton and Kurylo® for 1-pentanol and Wallington et al %
for 1-hexanol and 1-heptanol. Unit-weighted least-
squares averages of the rate constants of Wallington and
Kurylo* (for 1-pentanol), Wallington et al.® (for 1-hex-
anol and 1-heptanol) and Nelson et al.*® lead to the rec-
ommendations of

k(1-pentanol) = 1.11 x 10~" ¢m® molecule~! s,
k(1-hexanol) = 1.25 x 10~!! cm® molecule! s, and
k(1-heptanol) = 1.37 x 10~" ¢m® molecule™' 57!,

all at 298 K and with estimated overall uncertainties of
*+35%.
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Fic. 38.  Arrhenius plot of selected rate constants for the reaction of

the OH radical with 2-propancl. (®) Overend and
Paraskevopoulos;* (O) Wallington and Kurylo;* (A) Nelson
etal ;'™ (A) Tully;"® (—) recommendation (see text).

3.6.5. Ethers

Dimethyl ether. The room temperature rate constants
of Wallington ezal.” and Nelson etal.® are given in
Table 41. These rate constants range over a factor of 1.4,
and are reasonably consistent with the previous recom-
mendation of Atkinson' of

k (dimethyl ether) = 1.04 x 107" ¢~**7 ¢m® molecule ™" s~

over the temperature range 295-442 K, with a 298 K rate
constant of 2.98 x 10~'2 ¢m® molecule ™! s~'. This previ-
ous recommendation' is hence unchanged.

Diethyl ether. The absolute rate constant of Nelson
etal”® and the relative rate constants of Bennett and
Kerr,? Nelson et al."® and Semadeni ef al.? are given in
Table 41 and those of Nelson eral,'® and Bennett and
Kerr? are plotted, together with the rate constants of
Tully and Droege,” Wallington et al.* and Bennett and
Kerr,” in Fig. 39. There is a significant amount of scatter
between the data from the various studies, with the rate
constants of Bennett and Kerr,?? obtained relative to the
rate constant for the reaction of the OH radical with 2,3-
dimethylbutane, being ~30% lower than the absolute
rate constants of Tully and Droege®' and Wallington
et al * The relative rate constants of Semadeni et al 2 are
in good agreement with (~10% lower than) those of
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Tully and Droege® and Wallington eral® A unit-
weighted least-squares analysis of the absolute rate con-
stants of Tully and Droege,” Wallington etal.® and
Nelson et al.'"® and the relative rate constant of Nelson
etal.,'® using the expression k = CT? e~?7, leads to the
recommendation of

k(diethyl ether) =
(8.91*3}) x 107 T? ¢®7 = ™7 ¢m® molecule ™ s~

over the temperature range 240-442 K, where the indi-
cated errors are two least-squares standard deviations,
and

k(diethyl ether) =
131 x 10~" cm? molecule™! s~! at 298 K,

with an estimated overall uncertainty at 298 K of +35%.
This recommendation supersedes, but is similar to, that
of Atkinson' of

k (diethyl ether) = 8.80 x 107 T? ¢**7 cm® molecule ™' s~

over the same temperature range of 240-442 K, with a
298 K rate constant of 1.33 X 10~" cm® molecule™' s~

Sx10°t
o i
o
3 2 N
° DIETHYL ETHER
E
L o Q a v v v
A
“E’ X v vy
£x10-12 L 1 L 1 1 | )
16 24 3.2 40
1000/T (K)

FiG. 39. Arrhenius plot of selected rate constants for the reaction of
the OH radical with diethyl ether. (O) Tully and Droege;
(A) Wallington et al ;* (W) Bennett and Kerr;*® (A) Nelson
et al.,* absolute rate constant; (W) Nelson et af_.'* relative
rate constant; (V) Bennett and Kerr;?? (--) recommendation
(see text).

Di-n-propyl ether. The rate constants of Wallington
et al ., Bennett and Kerr® and Nelson et al "® are given in
Table 41 and are plotted, together with the rate constants
of Wallington et al.* and Bennett and Kerr,” in Arrhe-
nius form in Fig. 40. The rate constants of Wallington
et al .,** Bennett and Kerr? and Nelson et al.,' especially
those of Bennett and Kerr,” are higher than the previ-
ously reported rate constants of Wallington er al.** and
Bennett and Kerr.”* A unit-weighted least-squares analy-
sis of the absolute rate constants of Wallington et al.*
and Nelson efal.’® and the relative rate constants of
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Wallington et al.** and Nelson et al.,'® using the expres-
sionk = CT? e 27T leads to the recommendation of

k(di-n-propyl ether) =
(1.31%3%) x 10717 T2 ¢ * 7 cm® molecule™ s

over the temperature range 240440 K, where the indi-
cated errors are two least-squares standard deviations,
and

k(di-n-propyl ether) = 1.85 x 107" cm® molecule ™' s™!
at 298 K, with an estimated overall uncertainty at 298 K
of +40%. This recommendation is slightly different from

the previous recommendation of Atkinson' of

k (di-n -propyl ether) =
1.42 x 10~V T? T ¢m?® molecule ™ s™!

over the same temperature range, with a 298 K rate con-
stant of 1.72 x 107! cm® molecule™" s7%.
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FIG. 40.  Arrhenius plots of selected rate constants for the reactions of
the OH radical with di-n-propyl ether and methyl tert-butyl
ether. (O) Wallington et al.® (for di-n-propyl ether) and
Wallington et al ** (for methyl tert -butyl ether); (H) Bennett
and Kerr;%? (A) Cox and Goldstone;* (@) Wallington ef al.;*!
(C7) Nelson etal;™ (V) Bennett and Kerr;?? (A) Smith
eral ;* (—) recommendations (see text).

Methyl tert -butyl ether . The rate constants of Wallington
et al..*! Bennett and Kerr® and Smith et al ** are given in
Table 41 and are plotted, together with those of Walling-
ton et al * and Cox and Goldstone,” in Arrhenius form in
Fig. 40. As for di-n-propyl ether, the rate constants of
Bennett and Kerr? are consistently higher than those of
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Wallington ez al ,** Cox and Goldstone™ and Smith
et al * A unit-weighted least-squares analysis of the abso-
lute rate constants of Wallington ez al . and the relative
rate constants of Wallington et al.* and Smith et al.,** us-
ing the expression k = CT? e, leads to the recommen-
dation of

k(methyl tert -butyl ether) =
(6.5411i) x 10718 T? e8 = ¥)¥7 o3 mglecule ™! §7!

over the temperature range 240-440 K, where the indi-
cated errors are two least-squares standard deviations,
and

k(methyl tert-butyl ether) =
294 x 107" cm® molecule ™! s~! at 298 K,

with an estimated overall uncertainty at 298 K of +40%.
This recommendation supersedes that of Atkinson' of

k (methyl zert-butyl ether) =
6.81 x 1078 72 &7 cm?® molecule™! s™!

over the same temperature range of 240440 K, with a
298 K rate constant of 2.83 X 1072 cm® molecule~! 57!,

Methyl n-butyl ether, ethyl n-butyl ether, ethyl tert-butyl
ether, di-n-butyl ether and di-n -pentyl ether. The rate con-
stants of Wallington et al.,” Bennett and Kerr? (ethyl n-
butyl ether and ethyl rert-butyl ether), Nelson e al.’®
(ethyl n-butyl ether, di-n-butyl ether and di-n-pentyl
ether), Smith eral.” (ethyl rert-butyl ether) and Se-
madeni et al.? (methyl n-buty! ether, ethyl n-buty! ether,
di-n-butyl ether and di-n-pentyl ether) are given in
Table 41. For di-n-pentyl ether, Semadeni e al.2 deter-
mined rate constants relative to those for di-n-butyl ether
over the temperature range 263-373 K; only the 298 K
rate constant is given in Table 41 since no temperature
dependent recommendation is given for di-n-butyl ether.
The absolute and relative rate constants of Wallington
et al ,»**? Nelson et al.,"® Smith etal ® and Semadeni
et al ® are in good agreement, while the relative rate con-
stants of Bennett and Kerr’™* are generally significantly
lower. The following recommendations are made from
unit-weighted averages:

k(methyl n-butyl ether) = 1.48 x 10~ ¢m?® molecule™" 5!

based on the rate constants of Wallington er al 2% and
Semadeni et al.,?

k(ethyl n-butyl ether) = 2.13 x 10~" cm® molecule~'s~!

based on the rate constants of Wallington etal. 2
Nelson et al.'® and Semadeni et al.,?

k(ethyl tert-butyl ether) = 8.84 x 10~ cm’® molecule ™! ™!

based on the rate constants of Wallington et al 2 and
Smith et al.®
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k(di-n-butyl ether) = 2.88 x 107" ¢m® molecule™! s™!

based on the rate constants of Wallington et al., "2 Nel-
son et al.'® and Semadeni ef al.,® and

k(di-n-pentyl ether) = 3.32 x 107" ¢m?® molecule ™! 5!

based on the rate constants of Wallington et al.,”** Nel-
son et al.'® and Semadeni et al.,? all at 298 K and with
estimated overall uncertainties of *+ ~35%,

Furan. The room temperature rate constant of Bier-
bach et al . is given in Table 41. This rate constant is in
excellent agreement with the previously recommended!
value of 4.02 x 10~" c¢m® molecule ™' s~! at 300 K. The
previous recommendation of Atkinson' of

k(furan) = 1.32 x 107" 7 ¢m® molecule™! s™!

over the temperature range 254-424 K, with a 298 K rate
constant of 405 x 10" cm® molecule ™ 5™, is hence un-
changed.

3.6.6. Carboxylic aclds

- Acetic Acid. The absolute rate constants of Singleton
etal® for the reactions of the OH radical with
CH;COOH, CDs;COOH and CD;COOD are given in
Table 41. While the room temperature rate constant of

- Singleton et al.* for CH;COOH is in reasonable agree-

ment with the previous measurement of Dagaut et al.,%
the rate constants of Singleton et al > for CH;COOH de-
crease with increasing temperature, in contrast to the
study of Dagaut et al.* in which the rate constants in-
creased with increasing temperature. A unit-weighted av-
erage of the room temperature rate constants from these
two studies**® leads to the recommendation of

k(acetic acid) = 8 x 107" cm® molecule ™! s~! at 298 K,

with an estimated overall uncertainty of a factor of 1.5.
No temperature dependence is recommended.

Singleton et al.* determined that the rate constant for
the reaction of the OH radical with CD;COOQH is essen-
tially identical to that for CH;COOH, and that the rate
constant for the reaction of the OH radical with
CDyCOOD is uniformly a factor of ~3.5 lower than
those for CH;COOH and CD;COOH over the tempera-
ture range 297-445 K. These observations indicate that
the reaction proceeds by H- (or D-) atom abstraction
from the -OH (or -OD) bond. For example, for
CD;COOH

OH + CD;COOH — H;0 + CD,CO,

Propionic acid. The absolute rate constants of Single-
ton et al.” are given in Table 41. In this case, the agree-
ment of the rate constants of Singleton ef al.>! with those
of Dagaut er al * and Zetzsch and Stuhl” is reasonable.
Both of the temperature dependent studies of Dagaut





