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Name of the PI: Mike Newland
Chamber name and location: EUPHORE, CEAM, Valencia, Spain
Campaign name and period: The impact of structure on the stabilisation yields of atmospherically important
Criegee Intermediates from alkene ozonolysis (13 days – 2/7/18 – 18/7/18)

Text:

Introduction and motivation
The reactions of alkenes with ozone (both ubiquitous throughout the tropospheric boundary layer and
indoor environments) produce Criegee intermediates (CI). These short lived reactive species are an
important non-photolytic source of radicals, including OH, can act as atmospheric oxidants, and
participate in aerosol formation.
CI are produced together with a carbonyl co-product, from decomposition of the energy-rich primaryozonide (POZ), formed in the initial ozonolysis reaction. The CI population is formed with a broad
energy distribution: a fraction is formed chemically activated (CI*); another fraction is formed
stabilised (SCI) (i.e. without enough internal energy to undergo prompt decomposition). A fraction of
the initial CI* are then collisionally stabilised to add to the SCI population.
Total SCI yields have been determined for a number of alkenes. However, there is no apparent trend
across size or structure of the parent alkene. Theoretical calculations have predicted that the
stabilisation of a particular CI may increase with the size of the carbonyl co-product, because the larger
the carbonyl, the more degrees of freedom it has to absorb the excess energy from the initial
ozonolysis reaction, thus the lower the mean energy of the CI population (e.g. Vereecken and
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Francisco, 2012). This hypothesis is tentatively confirmed by experiments on the ozonolysis of isoprene
(Nguyen et al., 2016) and beta-pinene (Winterhalter et al., 2000), which suggest that CH 2 OO CI may
be being formed close to 100 % stabilised in these systems, whereas the stabilisation yield of CH 2 OO
from ethene ozonolysis is ~40%.

Scientific Objectives
The EUPHORE chamber was used to investigate the effect of the size and structure of the carbonyl coproduct on the stabilisation of three SCI: CH 2 OO, formed from all terminal alkenes; and (CH 3 ) 2 COO,
likely one of the most abundant SCI in the atmosphere owing to its numerous sources and slow
reaction rate with water (e.g. Vereecken et al., 2017). A systematic set of experiments on a
homologous series of alkenes that produce these two SCI was performed.
In a second set of experiments, we aimed to determine the relative yields and stabilisation yields of Zand E-CH 3 CHOO in the ozonolysis of a series of 2-alkenes. These two isomeric forms of CH 3 CHOO are
expected to have different fates in the atmosphere owing to their very different reactivities (Sheps et
al., 2014). These results may be more widely applicable to all systems forming mono-substituted CI.
These experiments will provide, for the first time, systematic measurements of speciated CI
stabilisation yields (from non-symmetrical alkenes), crucial to accurately modelling the impacts of
alkene ozonolysis chemistry in the atmosphere. Current models generally assume a fixed yield for a
given CI, based on the yield from its symmetrical parent alkene. If the stabilisation yields increase with
carbonyl co-product size, this assumption would lead to underestimations of atmospheric
concentrations of the CIs studied here of around a factor of three.
The results will enable the development of a structure activity relationship (SAR) which will allow a
more accurate determination of stabilisation yields for all CI. The resultant SAR will be made available
to the community and incorporated into the MCM/GECKO-A automatic mechanism generator. This
will greatly improve our ability to model the global effects of alkene ozonolysis chemistry on
atmospheric composition and climate.

Method and Experimental setup
The experiments were performed at the EUPHORE chamber between 2/7/18 and 18/7/18.
The first set of experiments examined the stabilisation of CH 2 OO and (CH 3 ) 2 COO when formed from a
range of different alkenes. Two experiments were performed for each alkene: firstly with no added
SO 2 , and secondly in the presence of 2000 ppbv of SO 2 to act as an SCI scavenger. At this mixing ratio,
the SO 2 was calculated to scavenge >94% of (CH 3 ) 2 COO and >99% of CH 2 OO. The SO 2 +SCI reaction has
been shown to produce carbonyl+SO 3 in unit yield.
A list of the EUPHORE experiments performed are given in Table 1:
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Table 1. Ozone + alkene experiments carried out in EUPHORE in July 2018

The difference between the measured carbonyl yields in the excess SO 2 and zero SO 2 experiments
generally represents the total amount of SCI formed. The stabilisation of each individual CI is then its
SCI yield divided by its CI yield (i.e., 1 - carbonyl co-product yield). For certain systems (e.g. propene),
the smaller carbonyl is expected to also be formed as a decomposition product of the larger CI, hence
the measured smaller carbonyl at zero SO 2 is not representative of the primary carbonyl yield.
However, this can still be determined as (1 – larger carbonyl yield). The sum of the two determined SCI
yields using the method above will also be compared to the total SCI yield determined from SO 2 vs. O 3
loss rates (as done in Newland et al., 2015a,b).
The second set of experiments were performed to determine the relative yields and stabilisation of Zand E-CH 3 CHOO from the ozonolysis of a range of 2-alkenes (Z-but-2-ene, E-but-2-ene, Z-pent-2-ene,
E-pent-2-ene, and E-hex-2-ene). The total stabilised yield of each isomer will be constrained from both
measurements of the changing yield of products, and the changing loss rate of SO 2 . The [Z-CH 3 CHOO]*
yield will be determined by the ratio of measurements of the expected decomposition products,
glyoxal and glycolaldehyde, under zero SO 2 and excess SO 2 . The [E-CH 3 CHOO]* yield, from total CI*
yield - [Z-CH 3 CHOO]* yield.
The ozonolysis experiments were all performed in the dark, reducing the effects of wall
photochemistry, and dry (< 1% RH). They were performed with excess cyclohexane as an OH scavenger
(to minimise effects of OH + alkene chemistry). Initial concentrations of alkene and ozone were 400 –
1000 ppbv. Hydrocarbon precursors and carbonyl products were detected with FTIR and PTR-MS. SO 2
and O 3 were monitored by conventional fluorescence and UV absorption monitors respectively.
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Results

Eighteen different alkene systems were explored. Six of these produced CH 2 OO (propene, iso-butene,
2-methyl-but-1-ene, 1-heptene, beta-pinene, styrene), six produced (CH 3 ) 2 COO (iso-butene, 2-methyl2-butene, 2,3-dimethyl-but-2-ene, 2,4-dimethyl-2-pentene, 2,3,4-trimethyl-2-pentene, myrcene), and
seven produced CH 3 CHOO (propene, Z-but-2-ene, E-but-2-ene, E-pent-2-ene, Z-pent-2-ene, Z-hex-2ene, 2-methyl-2-butene).
The final data is still being processed. Preliminary O 3 and SO 2 data is presented in this report. The data
has not been corrected for chamber dilution effects.
Figure 1 shows the SO 2 and O 3 measurements from an experiment on 3/7/18 in which ~ 1000 ppbv O 3
and ~1900 ppbv of SO 2 was added to the chamber. A model fit to the ozone loss, using k(isobutene+O 3 ) from the MCMv3.3.1 (mcm.leeds.ac.uk/MCM), is also shown. The model slightly
underestimates ozone loss but this is to be expected as the data is not currently corrected for dilution.
This correction will be available when the time profiles of the SF 6 tracer added to the chamber
becomes available from the FTIR measurements. Figure 2 shows the relationship between change in
SO 2 and change in O 3 during the experiment shown in Figure 1. The gradient of this plot gives the total
SCI yield from iso-butene (Equation E1).

Figure 1: Preliminary O 3 (red) and SO 2 (blue) measurements with time during ozonolysis of iso-butene performed
on 3/7. O 3 measurements are compared to model output (green dashed line) using k(iso-butene+O 3 ) from the
MCMv3.3.1.
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Figure 2: Loss of SO 2 against loss of O 3 from the same experiment as shown in Figure 1. The gradient of the plot
gives the total SCI yield (Equation E1).

Analysis
The change in concentration of O 3 and SO 2 allows for the determination of the total SCI yield, ϕ SCI ,
formed from the ozonolysis of each alkene. The CI* will quickly decompose or stabilise by loss of energy
through collisions. All SCIs are thought to react with SO 2 only in dry conditions, producing a range of
products. Thus, we can use both the loss of SO 2 , along with the change in ozone to determine the yield
of SCIs formed, where 𝑓𝑓 is the fraction of SCIs scavenged by the SO 2 (>94% of (CH 3 ) 2 COO and >99% of
CH 2 OO for the conditions employed) (Equation E1).
𝛥𝛥𝑆𝑆𝑆𝑆2
= 𝑓𝑓. 𝜙𝜙𝑆𝑆𝑆𝑆𝑆𝑆
𝛥𝛥𝑂𝑂3

(E1)

For the alkenes producing CH 2 OO or (CH 3 ) 2 COO, the difference in measured concentration-time
profiles of products between the zero and high SO 2 runs will reveal how much of each specific CI
formed in the ozonolysis reaction was stabilised.
For a given 2-alkene, comparing the measured concentration-time profiles of products, will reveal the
amount of the chemistry that has proceeded via either the vinylhydroperoxide mechanism or the ‘hot
acid’ mechanism. This provides information on the Z:E CI ratio from the initial alkene ozonolysis.

Outcome and future studies
The campaign was successful with all of the planned experiments achieved during the 13 day period.
The raw measurement data is currently being processed by the team at EUPHORE and hence is not yet
available. However, preliminary data for O 3 and SO 2 measured and recorded during the campaign
suggest that the experiments worked as planned.
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Analysis of the data will be performed and analysed by the University of York (UoY) staff with the
support of the permanent EUPHORE staff. The data will be analysed and written into a publication in
a high impact peer review journal by UoY with support from EUPHORE. Modelling of the results will
inform the mechanisms in future updated versions of the MCM (Master Chemical Mechanism – Jenkin
et al., 1997). The results of this campaign will hopefully highlight trends in CI stabilisation that will allow
further development of the current ozonolysis SARs.
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