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CH3CHOO (syn and anti) + H2O  products
CH3CHOO (syn and anti) + (H2O)2  products

(1)
(2)

Rate coefficient data
k/cm3 molecule-1 s-1

Temp
/K

Reference

Technique/Comments

Absolute Rate Coefficients
k1< 4 × 10−15 (syn)
k1= (1.0 ± 0.4)× 10−14 (anti)
k1< 2 × 10−16 (syn)
k1= (2.4 ± 0.4)× 10−14 (anti)
Relative Rate Coeffiicnets
k1= (2.1 ± 0.6)× 10−14 (anti)
k1= (5.2 ± 4.9)× 10−14 (anti)

298

Taatjes et al., 2013

PLP-PIMS (a)

293

Sheps et al., 2014

CE-UVAS (b)

Berndt et al., 2014
Newland et al., 2014

FT/CI-APi-TOF MS (c)
RR-FTIR/UVA/
UVfluorescence (d)

Comments
(a) CH3CHOO (acetaldehyde oxide) was produced by the reaction of CH 3CHI + O2. CH3CHI
was generated by 248-nm laser photolysis of 1,1-diiodoethane, CH 3CH2I2, at 293 K and 4
torr, in a large excess of O 2. The reacting mixture was monitored by tunable synchrotron
photoionization mass spectrometry, which allowed characterisation of the PIMS. Both
conformers of CH3CHOO (syn- and anti-) are produced in this process, and they could be
distinguished by the difference in their ionisation energies. The first order decay of
CH3CHOO in the presence of excess known concentrations of H2O up to 2.4 x 1016
molecule cm-3, was used to determine the rate constants. It was demonstrated that decay of
syn-CH3CHOO was independent of the presence of H2O at this concentration, allowing
only the upper limit of ksyn to be determined. On the other hand decay of anti-CH3CHOO
increased monotonically with [H2O], allowing kanti to be determined with some confidence.
(b) CH3CHOO prepared by PLP (266 nm) of CH3CHI2 in O2/Ar mixtures at 5 - 20 Torr
pressure. The UV absorption spectrum of CH3CHOO in the region 300 – 450 nm,
corresponding to the BB (1A′) ← XB(1A′) electronic transition was determined in this work,
using time-resolved cavity enhanced absorption spectroscopy. Absorption features due to
syn and anti conformers of CH3CHOO could be distinguished by their differing
reactivities - reflected in characteristic time dependencies. IO (formed from secondary
chemistry) was also detected. CH3CHOO kinetics were investigated by recording the
time-dependence of components due to syn and anti conformers, and fitting the observed

growth and decay curves. This allowed conformer-specific rate coefficients to be
determined. The decay rate of syn-CH3CHOO) kI = 160 ± 25 s-1 did not change as a
function of [H2O], giving the cited upper limit of ksyn For anti-CH3CHOO, kI increased
linearly with [H2O], and the cited value for kanti was obtained by fitting to linear plots.
(c) CH3CHOO prepared by O3 + trans-2-butene reaction in the presence of SO2 in a flow
system, equipped with CIMS for detection of H 2SO4 using NO3- as reagent ion. Total
pressure = 1 bar. The effect of [H2O] on yield of H2SO4 allowed determination of rate
coefficient ratio k(CH3CHOO + H2O)/k(CH3CHOO + SO2) = (8.8 ± 0.4) x 10-5 where k
refers to the effective value for both conformers reacting. A refined analysis was
conducted using a ‘two conformer’ model where distinction is made between syn and anti
conformers of different reactivity, which gave an improved fit to the [H 2SO4] data.
Assuming that syn-CH3CHOO had negligible reactivity with H2O compared to the
anti-conformer, as indicated by theoretical calculations (Ryzhkov and Ariya, 2004;
Kuwata et al., 2010), their analysis gave the kanti(H2O)/kanti(SO2) = 1.4 x 10-4. The cited
value uses the IUPAC recommendation for k(anti-CH3CHOO + SO2), i.e. 1.5 x10-10
cm3molecule s-1.
(d) The removal of SO2 in the presence of 2-butene–ozone systems was measured as a
function of humidity in EUPHORE simulation chamber, under atmospheric boundary
layer conditions. SO2 and O3 abundance were measured using conventional fluorescence
and UV absorption monitors, respectively; alkene abundance was determined via FTIR
spectroscopy. SO2 removal decreased with relative humidity (1.5 – 21%) confirming a
significant reaction for CH3CHOO with H2O. The best fit to the data was obtained using a
two conformer model applied to data from both cis- and trans-2-butene isomers. The
observed SO2 removal kinetics are consistent with the rate constant ratio:
kanti(H2O)/kanti(SO2) = (3.5 ± 3.1) x 10-4. The cited value uses the IUPAC recommendation
for k(anti-CH3CHOO + SO2), i.e. 1.5 x10-10 cm3molecule s-1.
Preferred Values
Parameter

Value

T/K

ksyn /cm3 molecule-1 s-1
kanti/cm3 molecule-1 s-1

<2 x 10-16
2.1 x 10-14

298
298

Reliability
 log kanti

0.3

298

Comments on Preferred Values
The results of the direct studies of conformer-specific kinetics show that the syn-conformer is
substantially less reactive than the anti-conformer. This is consistent with the theoretical
calculations of Anglada et.al. (2011), which predicted a lower reaction barrier for the antiform. The relative rate constants for the anti-conformer reaction with H2O relative to SO2
were determined in two studies for CH 3CHOO produced by ozonolysis of 2-butene at 1 bar
pressure. The results are consistent with the direct studies at low pressure (4 to 10 Torr),

where CH3CHOO was produced from the reaction of CH 3CHI with O2. Overall the results for
kanti are consistent but the uncertainties of the relative rate studies are much larger due to
possible systematic errors deriving from the analytical procedures. The preferred upper limit
value for ksyn is that determined in the study of Sheps et.al. (2014), which was based on well
defined absence of [H2O]-dependence of k. The preferred value for kanti is a weighted mean of
the results of the direct PIMS and UVA studies of Taatjes et al.,(2013) and Sheps et al. (2014),
with emphasis in favour of the less scattered data of the UV study.
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