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Comment by J.-F. Müller and J. Peeters

Although not essential to the main purpose of this article, which is the presentation of a
new dataset of formic acid abundances retrieved from the TES instrument, we want to
comment on a specific chemical process included in the model simulations presented
in Section of 4 of this paper: the photo-induced tautomerization of acetaldehyde to
vinyl alcohol (VA) followed by oxidation of VA by OH to formic acid. Two recent labora-
tory studies (Andrews et al., 2012; Clubb et al., 2012) have proposed that this process
might be a large source of formic acid in the atmosphere, possibly explaining (part
of) the “missing" source of formic acid inferred from atmospheric observations (Paulot
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et al., 2011; Stavrakou et al., 2012). Based on the laboratory-derived tautomeriza-
tion quantum yield (15–21% or up to a factor of 1.5 larger than the photodissociation
quantum yield), and using a recent state-of-the-art model estimate of the acetaldehyde
photolysis sink (Millet et al., 2010), it can be roughly estimated that acetaldehyde photo-
tautomerization might generate as much as 23–33 Tg vinyl alcohol annually. If entirely
converted to formic acid, this would represent a source of ca. 25–35 Tg HCOOH per
year, which is indeed substantial.

However, the reaction of VA with OH has to compete with the keto-enol tautomer-
ization of VA to its much more stable form, acetaldehyde. In absence of any cata-
lyst, keto-enol tautomerization is negligible (Yamada et al., 1999). But, catalyzed by
formic acid, present in the continental boundary layer at concentrations of the order of
1 ppbv (Stavrakou et al., 2012), it is likely by far the dominant sink of VA: with a rate
of 1.3·10−14 cm3 molec. −1 s−1 (da Silva et al., 2010), the reaction of VA with formic
acid should proceed at a rate of typically 2·10−5 s−1 i. e. an order of magnitude faster
than reaction with OH, using [OH] ∼ 3·106 molec. cm−3 and a reaction rate of 6·10−12

cm3 molec.−1 s−1 (Archibald et al., 2007). Tautomerization to acetaldehyde might be
even faster, due to the presence of other catalysts such as aerosol surfaces. The role
of heterogeneous catalysis is suggested by the observed very fast conversion of VA to
acetaldehyde in laboratory conditions (Tadic et al., 2012), likely due to catalysis on the
chamber walls.

In conclusion, the photo-induced tautomerization of acetaldehyde is likely, at most, a
minor atmospheric source of formic acid, crudely estimated here at ∼ 3 Tg per year
globally, possibly less.

Andrews, D. et al., Photo-tautomerization of acetaldehyde to vinyl alcohol: A potential
route to tropospheric acids, Science, 337, 1203–1206, 2012.

Archibald, A. T. et al., Atmospheric transformation of enols: A potential secondary

C313

http://www.atmos-meas-tech-discuss.net
http://www.atmos-meas-tech-discuss.net/7/C312/2014/amtd-7-C312-2014-print.pdf
http://www.atmos-meas-tech-discuss.net/7/1975/2014/amtd-7-1975-2014-discussion.html
http://www.atmos-meas-tech-discuss.net/7/1975/2014/amtd-7-1975-2014.pdf
http://creativecommons.org/licenses/by/3.0/


AMTD
7, C312–C314, 2014

Interactive
Comment

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

Discussion Paper

source of carboxylic acids in the urban troposphere, Geophys. Res. Lett., 34,
doi:10.1029/2007GL031032, 2007.

Clubb, A. E. et al., Phototautomerization of acetaldehyde to vinyl alcohol: A primary
process in UV-irradiated acetaldehyde from 295 to 335 nm, J. Phys. Chem. Lett., 3,
3522-3526, 2012.

da Silva, G., Carboxylic acid catalyzed keto-Enol tautomerizations in the gas phase,
Angew. Chem. Int. Ed., 49, 7523–7525, 2010.

Millet, D. et al., Global atmospheric budget of acetaldehyde: 3-D model analysis and
constraints from in-situ and satellite observations, Atmos. Chem. Phys., 10, 3405–
3425, 2010.

Paulot, F. et al., Importance of secondary sources in the atmospheric budgets of formic
and acetic acids, Atmos. Chem. Phys., 11, 1989–2013, doi:10.5194/acp-11-1989-
2011, 2011.

Stavrakou, T. et al., Satellite evidence for a large source of formic acid from boreal and
tropical forests, Nat. Geosci., 5, DOI:10.1038/NGEO1354, 2012.

Tadic, J. M. et al., Photochemistry and photophysics of n-butanal, 3-methylbutanal,
and 3,3-dimethylbutanal: Experimental and theoretical Study, J. Phys. Chem. A, 116,
5830–5839, 2012.

Yamada, T. et al., Kinetic and thermodynamic analysis on OH addition to ethylene:
Adduct formation, isomerization, and isomer dissociations, J. Phys. Chem. A, 103,
7646-7655, 1999.

Interactive comment on Atmos. Meas. Tech. Discuss., 7, 1975, 2014.

C314

http://www.atmos-meas-tech-discuss.net
http://www.atmos-meas-tech-discuss.net/7/C312/2014/amtd-7-C312-2014-print.pdf
http://www.atmos-meas-tech-discuss.net/7/1975/2014/amtd-7-1975-2014-discussion.html
http://www.atmos-meas-tech-discuss.net/7/1975/2014/amtd-7-1975-2014.pdf
http://creativecommons.org/licenses/by/3.0/

