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Abstract 7 

The UV absorption cross-sections of the Criegee intermediate CH2OO, and kinetics of the CH2OO self-8 

reaction and the reaction of CH2OO with I are reported as a function of pressure at 298 K. Measurements were 9 

made using pulsed laser flash photolysis of CH2I2/O2/N2 gas mixtures coupled with time-resolved broadband 10 

UV absorption spectroscopy at pressures between 6 and 300 Torr. Results give a peak absorption cross-section 11 

of (1.37 ± 0.29) × 10-17 cm2 at ~340 nm and a rate coefficient for the CH2OO self-reaction of (8.0 ± 1.1) × 12 

10-11 cm3 s-1, with no significant pressure dependence of the absorption cross-sections or the self-reaction 13 

kinetics over the range investigated. The rate coefficient for the reaction between CH2OO and I demonstrates 14 

pressure dependence over the range investigated, with a Lindemann fit giving k0 = (4.4 ± 1.0) × 10-29 cm6 s-1 15 

and k∞ = (6.7 ± 0.6) × 10-11 cm3 s-1. The origins of IO in the system have been investigated, the implications 16 

of which are discussed. 17 

 18 

Introduction 19 

Oxidation chemistry is responsible for the removal of volatile organic compounds (VOCs) and other primary 20 

pollutants such as SO2 and NOx (NOx = NO + NO2) from the atmosphere, whilst also potentially leading to 21 

the production of secondary pollutants such as ozone and secondary organic aerosol (SOA). Globally, the O3-22 

initiated oxidation of unsaturated VOCs in ozonolysis reactions removes ~10 % of isoprene (C5H8),
1 the 23 

dominant VOC emitted into the atmosphere, and ozonolysis reactions make significant contributions to the 24 

tropospheric oxidising capacity at night and in winter when photochemistry is limited by the low intensity of 25 

solar radiation.2-4 Ozonolysis reactions lead to the cleavage of C=C double bonds, resulting in production of 26 

a carbonyl product and a carbonyl oxide, which is referred to as a Criegee intermediate. The Criegee 27 

intermediate is zwitterionic in character, and is typically formed with high internal energy which leads to a 28 

competition between decomposition, producing species such as OH and HO2,
5-9 and collisional stabilisation 29 

to produce a stabilised Criegee intermediate.6, 10 30 

Since the discovery of photolytic methods to produce collisionally stabilised Criegee intermediates (SCIs) in 31 

the laboratory11 there have been a large number of studies of SCI reaction kinetics, suggesting that SCI 32 

reactions with water dimers,12-15 SO2
11, 16-24 and organic acids,25, 26 among others, may be significant in the 33 

atmosphere. Measurements of the UV absorption cross-sections of CH2OO, the simplest Criegee intermediate, 34 

have indicated that the absorption cross-sections are relatively large, on the order of ~10-17 cm2,16, 27-29 thus 35 

making UV absorption spectroscopy a useful tool for the measurement of atmospherically relevant SCI 36 

reaction kinetics. However, there are significant discrepancies in the absolute cross-sections reported, and in 37 

the shape of the spectrum. Experiments have also shown a rapid CH2OO + CH2OO self-reaction,19, 30-32 the 38 

kinetics of which can be closely coupled to the measurement of the absorption cross-sections, since significant 39 

changes in concentration can occur on the timescale of the absorption measurements. The reaction between 40 

CH2OO and I is potentially important in laboratory experiments using CH2I2 photolysis to generate CH2OO, 41 

and could also be of significance in the upper troposphere owing to the low H2O content in such regions and 42 

the resulting longer lifetimes of CH2OO.33  43 
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A combination of electronic structure and Frank Condon factor calculations were used to predict the features 44 

of the CH2OO UV spectrum, indicating the presence of a broad, but intense, absorption band in the region 45 

250-450 nm owing to the B̃1A´ ← X͂1A´ transition.34, 35 The calculations also suggested that the spectrum 46 

would exhibit extensive vibronic structure, owing to excitation of O-O stretching modes and C-O-O bending 47 

modes, and that there were hints of CH2OO absorption in previous measurements of the UV spectrum of 48 

CH2IO2.
36  49 

The first measurements of the UV spectrum of CH2OO were reported by Beames et al.,27 in which an action 50 

spectrum was observed by monitoring the change in the CH2OO photoionisation signal on irradiation with 51 

UV light generated by a tunable Nd:YAG pumped dye laser at wavelengths between 280 and 420 nm. A 52 

pulsed valve system was used to produce jet cooled CH2OO following photolysis of CH2I2 at λ = 248 nm in 53 

the presence of O2 in Ar at ~1300 Torr, with CH2OO monitored following single photon photoionisation at λ 54 

= 118 nm. Excitation of CH2OO from the ground electronic state on irradiation with UV light resulted in 55 

depletion of the photoionisation signal, with the extent of depletion combined with knowledge of the UV 56 

photon flux to determine the cross-sections. The spectrum was observed to be broad in the wavelength region 57 

300 – 370 nm, with a maximum cross-section of (5.0 ± 0.7) × 10-17 cm2 at λ ~ 335 nm, indicating an 58 

atmospheric lifetime of CH2OO of ~ 1 s at midday with respect to solar photolysis. In a subsequent paper by 59 

the same group investigating the UV absorption spectrum of the alkyl-substituted Criegee intermediate 60 

CH3CHOO using the same experimental technique, it was determined that experimental factors, such as 61 

homogeneity of the laser beam and laser-molecular beam overlap, suggested an uncertainty in absolute cross-62 

section measurements on the order of a factor of 2.37 63 

A broad UV spectrum was also reported by Sheps16 using time-resolved broadband cavity-enhanced 64 

absorption spectroscopy at a temperature of 295 K and a pressure of 5.1 Torr, with the improved wavelength 65 

resolution of the technique revealing the significant vibronic structure at longer wavelengths predicted 66 

previously.34 However, the direct absorption measurements demonstrated a wider absorption spectrum than 67 

observed for the action spectrum,27 with a lower peak absorption cross-section of (3.6 ± 0.9) × 10-17 cm2 68 

occurring at a longer wavelength of ~355 nm. The cavity-enhanced measurements used photolysis of 69 

CH2I2/O2/He mixtures at λ = 266 nm, leading to the total observed absorbance containing overlapping 70 

contributions from CH2OO, the depletion of CH2I2, and the production of IO radicals from unavoidable 71 

secondary chemistry occurring in the reaction system. Separation of the spectral contributions was achieved 72 

by the addition of SO2 to the reaction system to aid identification of the contribution from CH2OO. Scaling of 73 

the total absorbance observed following complete removal of CH2OO by SO2 to the time dependence of the 74 

absorbance signal in a region of the spectrum dominated by IO absorption, and subtraction of the scaled 75 

spectrum from the total absorbance observed at each time point in the experiment enabled identification of the 76 

CH2OO absorbance, assuming that the time dependence of CH2I2 is negligible. Kinetic fitting of the time 77 

dependence of the CH2OO signal enabled determination of the CH2OO absorbance immediately following 78 

photolysis (i.e. at t = 0). Separate experiments to measure the CH2I absorbance combined with knowledge of 79 

the CH2OO yields from CH2I + O2
38-40 gave the absolute CH2OO concentration produced in the system (~5 × 80 

1011 cm-3). Absolute absorption cross-sections for CH2OO could then be ascertained from the Beer-Lambert 81 

law using the total absorption path length, which was measured to be 40-56 m across the spectral range by 82 

measuring the well-characterised absorbance spectra of known concentrations of NO2 and CH2I2. 83 

The UV absorption cross-sections of CH2OO were also reported by Ting et al.,28 using photolysis of 84 

CH2I2/O2/N2 at λ = 248 nm to generate CH2OO. Transient absorption spectroscopy was used to obtain the total 85 

absorbance in the reaction system, which, similarly to the work of Sheps,16 contained significant contributions 86 

from CH2I2 and IO. Separation of the contribution from IO to the total absorbance was achieved by using the 87 

characteristic vibronic structure in the IO spectrum to identify and subtract the contribution from IO at each 88 

time point. The CH2I2 contribution was determined by subtracting the IO-corrected absorbance at a time point 89 

following complete reaction of CH2OO, when only CH2I2 contributes to the IO-corrected absorbance, from 90 

an early time point, when both CH2I2 and CH2OO contribute. Experiments were performed in which CH2OO 91 
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removal was dominated by CH2OO self-reaction, and in which SO2 was added to increase the removal rate 92 

via CH2OO + SO2. Initial concentrations of CH2OO were determined to be ~1013 cm-3 by measurements of 93 

CH2I absorbance and the known yield of CH2OO from CH2I + O2, and were used to obtain a peak CH2OO 94 

absorption cross-section of (1.26 ± 0.25) × 10-17 cm2 at λ ~ 340 nm. The spectral shape observed by Ting et 95 

al. was similar to that reported by Sheps, with significant vibronic structure at λ > 340 nm.16 Cross-sections at 96 

λ = 308.4 nm and at λ = 351.8 nm were also measured independently by Ting et al. in a molecular beam 97 

experiment to monitor the effects of UV laser irradiation on CH2OO ion signals, obtained by electron impact 98 

ionisation and quadrupole mass spectrometry,28 with similarities to the experiments performed by Beames et 99 

al.27 The molecular beam experiments gave cross-sections of σ = (8.09 ± 0.90) × 10-18 cm2 at λ = 308.4 nm 100 

and σ ≤ (1.21 ± 0.13) × 10-17 cm2 at λ = 351.8 nm, which scale to a peak cross-section of (1.23 ± 0.18) × 10-17 101 

cm2 at λ ~ 340 nm. 102 

Subsequent experiments by Foreman et al.29 using photolysis of CH2I2/O2/N2 at λ = 355 nm with single-pass 103 

broadband absorption spectroscopy at a total pressure of 50 Torr over the temperature range 276-357 K, and 104 

cavity ringdown spectroscopy at a total pressure of 70 Torr and room temperature, were carried out to 105 

determine high resolution absorption cross-sections at wavelengths between 362 and 470 nm. Contributions 106 

to the total absorbance from CH2I2 were negligible over the wavelength range under consideration, while those 107 

from IO were subtracted in a similar method to that employed by Ting et al.28 Measurements of the initial 108 

CH2I2 concentration and photolysis laser fluence were used to estimate the initial CH2I concentration, and thus 109 

the initial CH2OO concentration (~1.5 × 1013 cm-3 for broadband absorption measurements and ~5 × 1012 cm-3 110 

for cavity ringdown measurements, with an estimated uncertainty of ~28% for both types of measurement) 111 

from the measured yields of CH2I + O2. The results of both the absorption measurements and the cavity 112 

ringdown experiments showed good agreement with both the spectral shape and absolute cross-sections 113 

reported by Ting et al.,28 and indicated no significant temperature dependence of the cross-sections and no 114 

rotational fine structure in any of the vibronic features in the spectrum. 115 

Self-reaction kinetics of CH2OO were first reported by Su et al.30 using flash photolysis of CH2I2/O2/N2 at λ 116 

= 355 nm with transient infrared spectroscopy to monitor CH2OO throughout the reaction. Observed decays 117 

of CH2OO were analysed considering potential loss of CH2OO through reaction with I atoms and CH2I radicals 118 

as well as loss through the CH2OO self-reaction, with results indicating a rate coefficient of (4 ± 2) × 10-10 119 

cm3 s-1 at  343 K at total pressures between 20 and 100 Torr. Such a rapid reaction was attributed to the 120 

zwitterionic nature of CH2OO, but theory predicts a significantly lower rate coefficient of ~4 × 10-11 cm3 s-1.41  121 

Buras et al.31 observed a rate coefficient of (6.0 ± 2.1) × 10-11 cm3 s-1 at 297 K using flash photolysis of 122 

CH2I2/O2 at λ = 266 nm in N2 and He at total pressures between 25 and 100 Torr. CH2OO was monitored by 123 

UV absorption spectroscopy at λ = 375 nm with simultaneous near-infrared absorption measurements of I 124 

atoms to quantify the initial CH2OO concentration and investigate the role of CH2OO + I. These measurements 125 

also enabled determination of the CH2OO absorption cross-section at 375 nm, which was found to be in 126 

agreement with the results of Ting et al.,28 and indicated an upper limit of 1.0 × 10-11 cm3 s-1 for the rate 127 

coefficient for CH2OO + I, and as a result the reaction was reported to have no significant impact on the 128 

observed CH2OO decays.  129 

Further experiments by Ting et al.,32 using flash photolysis of CH2I2/O2/N2 at λ = 248 nm with broadband 130 

transient UV spectroscopy, were performed to investigate the kinetics of the CH2OO self-reaction at 295 K at 131 

pressures between 7.6 and 779 Torr. Temporal profiles of CH2OO and IO, obtained by deconvoluting the total 132 

observed absorbances through knowledge of the CH2OO and IO absorption cross-sections, were fitted to a 133 

detailed chemical mechanism using numerical integration to determine a rate coefficient for the CH2OO self-134 

reaction of (8 ± 4) × 10-11 cm3 s-1. However, the results were observed to be sensitive to the kinetics of the 135 

reaction between CH2OO and I, in contrast to the observations of Buras et al.,31 with the best fit to the data 136 

giving a rate coefficient of ~8 × 10-11 cm3 s-1 for CH2OO + I.32 137 
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Cavity ringdown spectroscopy has also been used by Chhantyal-Pun et al.19 to monitor CH2OO at λ = 355 nm 138 

to determine the self-reaction kinetics of CH2OO, using flash photolysis of CH2I2/O2/N2 at λ = 355 nm at 293 139 

K over the pressure range 7-30 Torr. Initially, the observed decays were fit to an analytical solution describing 140 

a mixed first- and second-order loss of CH2OO to find the first-order component to the loss. However, the 141 

second-order component to the loss was found to depend on the total pressure in the system, indicating the 142 

presence of second-order losses other than CH2OO self-reaction. Fits to the data obtained at 7 Torr using 143 

numerical integration and considering losses through CH2OO self-reaction and CH2OO + I showed no 144 

significant contribution from CH2OO + I, in agreement with the results of Buras et al.,31 and gave a rate 145 

coefficient of (7.35 ± 0.63) × 10-11 cm3 s-1 for the CH2OO self-reaction. Although the results at 7 Torr were 146 

not significantly affected by CH2OO + I, it is likely that the results obtained at higher pressures were impacted 147 

by CH2OO + I which is evident from the increase in the rate of CH2OO loss as the pressure is increased. 148 

Discrepancies in the reported absorption cross-sections for CH2OO, and in the kinetics for the CH2OO self-149 

reaction and reaction between CH2OO and I, have consequences for our understanding of CH2OO chemistry 150 

under both laboratory and atmospheric conditions. In this work we report UV absorption cross-sections of 151 

CH2OO and kinetics of the CH2OO self-reaction and the reaction of CH2OO with I at 298 K as a function of 152 

pressure in the range 6 to 300 Torr using time-resolved broadband UV spectroscopy. 153 

 154 

Experimental 155 

The UV absorption cross-sections and self-reaction kinetics of the CH2OO Criegee intermediate were studied 156 

using laser flash photolysis of CH2I2/O2/N2 gas mixtures, coupled with broadband time-resolved UV 157 

absorption spectroscopy. The experimental apparatus has been described in detail elsewhere,13, 42 therefore 158 

only a brief description is given here. 159 

Precursor gases were mixed in a gas manifold at known flow rates determined by calibrated mass flow 160 

controllers (MKS Instruments), with CH2I2 introduced into the gas flow by passing a known slow flow of N2 161 

through a bubbler containing liquid CH2I2 at room temperature, and passed into a 1.5 m long glass reaction 162 

cell. The reaction cell was 54 mm inner diameter, and sealed with fused silica windows at both ends. The total 163 

flow rate was maintained at 4000 standard cm3 per minute (sccm) at 100 Torr and adjusted accordingly with 164 

pressure to maintain constant number densities for reactant gases and a constant residence time in the cell of 165 

~6 s. Total pressure in the cell was measured by a capacitance manometer (MKS Instruments) and controlled 166 

by a rotary pump (EM2, Edwards) by throttling the exit to the reaction cell. All experiments were performed 167 

at T = (298 ± 2) K in N2 (BOC oxygen free, 99.998%) at pressures between 6 and 300 Torr. CH2I2 (Alfa Aesar 168 

99%) concentrations were in the range 1 × 1012 – 4 × 1013 cm-3 and O2 (BOC, 99.5 %) concentrations were 169 

varied between 1 × 1016 and 4 × 1017 cm-3. Gases and chemicals were used as supplied. 170 

Reactions R1-R5 were initiated in the reaction cell by an excimer laser (KrF, Lambda-Physik CompEx 210), 171 

operating at a wavelength of λ = 248 nm, which was aligned along the length of the reaction cell using a 172 

dichroic turning mirror (Edmund Optics). The timing of the photolysis laser was controlled by a delay 173 

generator (SRS DG535) with a pulse repetition rate of 0.15 Hz such that a fresh gas mixture was photolysed 174 

on each pulse. The typical laser fluence was ~25 mJ cm-2, giving [CH2OO]0 on the order of ~1011 cm-3.  175 

 CH2I2 + hν (λ=248 nm) → CH2I + I  (R1) 176 

 CH2I + O2   → CH2OO + I (R2a) 177 

 CH2I + O2   → CH2IO2 (R2b) 178 

 CH2OO + CH2OO   → products (R3) 179 

 CH2OO + I   → products (R4) 180 
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CH2OO   → products (R5) 181 

Absorption of UV/visible radiation by species within the cell was monitored using a laser-driven light source 182 

(LDLS, Energetiq EQ-99X), which provides ~10 mW cm-2 of light at wavelengths between 200 nm and 800 183 

nm with near constant radiance across the spectral range. Output from the lamp was directed onto an off-axis 184 

parabolic mirror (ThorLabs) to collimate the beam. Approximately 10 % of the light was aligned along the 185 

length of the cell to give a single pass through the cell overlapping completely with the photolysis beam, with 186 

the remaining light aligned in the multi-pass arrangement described in detail in previous work.42 In this work, 187 

the optics controlling the path of the multi-pass beam were arranged to give either 7 or 13 passes through the 188 

cell. The effective path length of the multi-pass arrangement was determined from the ratio of the absorbance 189 

of IO, which is produced by secondary chemistry in the system, observed using the multi-pass arrangement to 190 

that observed simultaneously in the single pass, which has a fixed and definite path length of 150 cm. Total 191 

effective path lengths of (443 ± 21) cm and (1136 ± 143) cm were obtained from the 7 and 13 pass 192 

arrangements, respectively, when considering the total overlap between the photolysis and probe beams.  193 

The output beams from both the single and multi-pass arrangements were each passed through sharp cut-on 194 

filters (248 nm RazorEdge ultrasteep long-pass edge filter, Semrock) to minimise the impacts of scattered 195 

excimer light and focused onto fibre optics via fibre launchers (Elliot Scientific). Outputs from the fibre optics 196 

were directed onto spectrographs (CP140-103 Imaging Spectrograph, Horiba) and imaged onto line-scan 197 

charge-coupled device (CCD) detectors (S7030-1006 FFT, Hamamatsu), giving spectral resolution of 1.5 nm 198 

FWHM and time resolution of 1 ms. Wavelength calibration was performed via measurements of the well-199 

known Hg emission spectrum from a low pressure Hg pen-ray lamp (Oriel). Timing of the cameras was 200 

controlled by the same delay generator used to control the firing of the excimer laser. Intensity data recorded 201 

by the cameras were typically averaged for 100 to 400 photolysis shots and were transferred to a PC for 202 

analysis. 203 

 204 

Results 205 

CH2OO absorption cross-sections 206 

Figure 1 shows the typical absorbance observed immediately following photolysis, with contributions from 207 

the absorbance of CH2I2 (ACH2I2,t,λ), CH2OO (ACH2OO,t,λ) and IO (AIO,t,λ): 208 

 At,λ = ln(I0,λ/It,λ) = ACH2I2,t,λ + ACH2OO,t,λ + AIO,t,λ    (Equation 1) 209 

where I0 is the average light intensity at wavelength λ prior to photolysis and Iλ,t  is the light intensity at 210 

wavelength λ and time t following photolysis. The contribution from IO is readily distinguished by the strong 211 

vibronic structure in the region 400 to 450 nm and a fit of the IO reference spectrum43 over this wavelength 212 

range was performed to remove the contribution from IO, giving A't,λ: 213 

 A't,λ = At,λ - AIO,t,λ = ACH2I2,t,λ + ACH2OO,t,λ = σCH2I2,λ Δ[CH2I2] l + σCH2OO,λ [CH2OO]t l  214 

           (Equation 2)  215 

where σCH2I2,λ is the CH2I2 absorption cross-section at wavelength λ, Δ[CH2I2] is the change in CH2I2 concentration 216 

on photolysis, σCH2OO,λ is the CH2OO absorption cross-section at wavelength λ, [CH2OO]t is the concentration of 217 

CH2OO at time t, and l is the path length of the light. 218 

As described in previous work,16, 28 since the CH2I2 concentration remains constant after photolysis, the 219 

absorbance owing to CH2OO can be determined by subtraction of the absorbance A't,λ at a late time point 220 

following photolysis (typically 50 ms after photolysis, when CH2OO has reacted and A't,λ = σCH2I2,λ Δ[CH2I2] 221 

l) from the absorbance A't,λ at an earlier time point following photolysis (where A't,λ = σCH2I2,λ Δ[CH2I2] l + 222 

σCH2OO,λ [CH2OO]t l). The average CH2OO absorbance in the first 50 ms following photolysis was thus 223 
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determined and normalised to the maximum absorbance to determine the overall shape and position of the 224 

CH2OO spectrum.  225 

Absorption cross-sections for CH2I2
43 and the normalised CH2OO spectrum were subsequently fit to A't,λ at 226 

each time point to find Δ[CH2I2] l and the product of the maximum CH2OO cross-section (σCH2OO,max) and 227 

[CH2OO]t l. A typical fit is shown in Figure 1. The yield of CH2OO following photolysis of CH2I2 in the 228 

presence of O2 has been measured previously in this laboratory,40 and was used to determine [CH2OO]t=0 l 229 

from Δ[CH2I2] l.  230 

The time-profile of the product σCH2OO,max [CH2OO]t l, determined from the fit of the CH2I2 cross-sections and 231 

normalised CH2OO cross-sections was fit to a mixed first- and second-order analytical kinetic loss to 232 

determine σCH2OO,max [CH2OO]t=0 l and hence σCH2OO,max (see Supplementary Information for further 233 

information). An advantage of this data analysis is that determination of σCH2OO,max is independent of the path 234 

length, l, hence the value of l does not need to be known. While the kinetic fits performed to determine 235 

σCH2OO,max do provide some information regarding the kinetics of CH2OO loss in the system, a more detailed 236 

analysis, described below, was performed to determine the CH2OO self-reaction kinetics to enable 237 

investigation of secondary chemistry within the system. 238 

The absorption cross-sections for CH2OO determined in this work are shown in Figure 2 and are provided in 239 

the Supplementary Information. Results from this work indicate a maximum absorption cross-section of (1.37 240 

± 0.29) × 10-17 cm2 at a wavelength of ~340 nm, with no significant dependence on pressure in the range 6 to 241 

300 Torr (see Supplementary Information for further details) in agreement with previous work by Ting et al.28  242 

which reports a maximum cross-section of (1.23 ± 0.18) × 10-17 cm2 at a wavelength of ~340 nm. 243 

Discrepancies in the position and absolute value of the maximum cross-section between the spectrum reported 244 

by Ting et al.28 and those reported by Beames et al.27 and Sheps16 have been discussed in detail in previous 245 

work.28, 29, 44 Figure 2 shows a comparison of the CH2OO UV absorption cross-sections determined in this 246 

work with those reported in previous work. Vibronic structure is evident at wavelengths above 360 nm in the 247 

CH2OO spectrum observed in this work, with eight bands observable, in agreement with previous work by 248 

Sheps,16 Ting et al.28 and Foreman et al.29 Table 1 shows the band centres for the vibronic features observed 249 

in the CH2OO spectrum, indicating good agreement between the results obtained in this work and those 250 

reported by Ting et al.28 and Foreman et al.29  251 

 252 

CH2OO reaction kinetics 253 

Concentrations for CH2OO were determined from the fits to A't,λ described above (Equation 2), which gave 254 

the product σCH2OO,max [CH2OO]t l, using σCH2OO,max = (1.37 ± 0.29) × 10-17 cm2 and knowledge of the path length 255 

(l = (443 ± 21) cm for 7 passes of the probe beam or l = (1136 ± 143) cm for 13 passes of the probe beam).  256 

Kinetics describing the observed CH2OO decays were fit with the numerical integration package 257 

FACSIMILE45 using the mechanism shown in Table 2. Fits were performed globally at each pressure 258 

investigated to determine the rate coefficients for the CH2OO self-reaction (k3), CH2OO + I (k4) and the first-259 

order rate coefficient (k5) describing CH2OO loss by diffusion out of the probe beam, with the initial CH2OO 260 

concentration as a local parameter for each trace in the global fit. Initial concentrations of CH2I, I and CH2IO2 261 

were determined from their relationship to the initial CH2OO concentrations using our previous measurements 262 

of the yields of CH2I + O2 (R2) as a function of pressure.40 At each pressure, a range of initial CH2OO 263 

concentrations was used in order to provide greater sensitivity to the second-order components of the loss (k3 264 

and k4) over the first-order components of the loss (k5). Typical fits are shown in Figure 3.  265 

The rate coefficient for the CH2OO self-reaction was not observed to display any significant dependence on 266 

pressure, as shown in Figure 4 and Table 3, with an average value of k3 = (8.0 ± 1.1) × 10-11 cm3 s-1 over all 267 

pressures. The uncertainty is the 1σ standard deviation of the mean value for all pressures combined with the 268 
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uncertainties determined from the sensitivity analysis described in detail below. A summary of results reported 269 

in previous work is given in Table 4, and a comparison of results obtained in this work with values previously 270 

reported in the literature is shown in Figure 4. Results from this work are in agreement with those reported by 271 

Ting et al.,32 Buras et al.31 and the results of Chhantyal-Pun et al. at 7 Torr,19 which are all significantly lower 272 

than that reported by Su et al.30 at a temperature of 343 K using infrared absorption spectroscopy. 273 

Figure 5 shows the rate coefficient obtained in this work for the reaction between CH2OO and I as a function 274 

of pressure, with values at each pressure given in Table 3. This work shows significant pressure dependence 275 

in the kinetics for CH2OO + I, with k4 varying from (1.1 + 2.2

- 1.1
) × 10-12 cm3 s-1 at 6 Torr to (5.5 ± 2.1) × 10-11 cm3 276 

s-1 at 300 Torr. A Lindemann fit (Equation 3) to the observed kinetics as a function of pressure gives k4,0 = 277 

(4.4 ± 1.0) × 10-29 cm6 s-1 and k4,∞ = (6.7 ± 0.6) × 10-11 cm3 s-1, where the uncertainty is the 1σ standard 278 

deviation of the fit. 279 

k4 = k4,0 [M] k4,∞
(k4,0 [M] + k4,∞) ⁄        (Equation 3)  280 

Previous studies of the CH2OO self-reaction have indicated varying impacts of the reaction between CH2OO 281 

and I. Table 4 summarises the range of values for k4 that have been reported in the literature. Buras et al.31 282 

reported an upper limit for k4 of 1 × 10-11 cm3 s-1 on the basis of measurements of both CH2OO and I atoms. 283 

These measurements, performed between 25 and 100 Torr at 297 K with initial concentrations on the order of 284 

1012-1013 cm-3, indicated that the kinetics of I atom loss were independent of the initial concentrations of 285 

CH2OO or I, and were dominated by diffusion. Chhantyal-Pun et al.19 also reported an upper limit of 1 × 10-11 286 

cm3 s-1 for k4 for experiments at 7 Torr and 293 K, although clear secondary chemistry was observed to impact 287 

the loss of CH2OO at pressures above 7 Torr. The pressure dependence observed in the kinetics describing the 288 

loss of CH2OO in the experiments by Chhantyal-Pun et al. was attributed to changes in the CH2IO2 yield from 289 

CH2I + O2 as a function of pressure and a potential reaction between CH2OO and CH2IO2. The results of Su 290 

et al.30 indicated k4 = (4 ± 2) × 10-11 cm3 s-1 between 10 and 100 Torr, in broad agreement with the results of 291 

this work but it should be noted that experiments were conducted at 343 K and gave a significantly higher 292 

value for k3 than determined in this work and in other studies. Experiments performed by Ting et al.32 over a 293 

range of pressures (7.6 to 779 Torr) at 295 K also indicated significant impacts of CH2OO + I on the loss of 294 

CH2OO across the entire pressure range investigated, with the best fits to the observed CH2OO decays giving 295 

pressure independent k4 values in the range 6-10 × 10-11 cm3 s-1, in agreement with the high pressure limit 296 

obtained in this work. Thus, while there are significant discrepancies for k4 reported in the literature, the 297 

pressure dependence observed in this work provides some insight as to the source of the discrepancies and 298 

reconciles the results of Chhantyal-Pun et al.19 and Ting et al.,32 with the results of Buras et al.31 at low 299 

pressures within the experimental uncertainties of this work.  300 

In order to investigate the sensitivity of k3 and k4 to the parameters used in the model (Table 2) to fit to the 301 

observed CH2OO decays, each of the rate coefficients used in the model were sequentially doubled and halved 302 

and the effects on the fitted values of k3 and k4 were determined. Results from the sensitivity analysis are 303 

shown in Figure 6, and indicate no significant dependence of k3 on the parameters used in the model. For k4, 304 

the results indicate there is some sensitivity at low pressures to the rate coefficients used for R6-R9. The rate 305 

coefficients for R6-R8 used in the model shown in Table 2 are based on laser induced fluorescence 306 

measurements of IO and HCHO production following photolysis of CH2I2/O2/N2 at 100 Torr by Gravestock 307 

et al.,36 and were obtained by fitting a model containing reactions R2b and R6-R8 to the experimentally 308 

observed HCHO, assuming that all CH2IO produced in R6 spontaneously decomposes to HCHO + I. For R9, 309 

the rate coefficient used in the analysis is that used by Ting et al., which is higher than the current IUPAC 310 

recommendation46 but was required to adequately model the IO loss in the system, suggesting the presence of 311 

other loss processes for IO which could not be separated from IO + IO with any sensitivity. While there is 312 

some sensitivity of k4 to R6-R9, uncertainties for k4 reported in this work include uncertainties arising from 313 

sensitivity to the rate coefficients for R6-R9. The potential for reaction between CH2OO and peroxy radicals 314 

(RO2), such as CH2IO2, has been investigated in theoretical studies, with predicted rate coefficients for CH2OO 315 
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+ RO2 reactions between 3.74 × 10-12 cm3 s-1 and 1 × 10-11 cm3 s-1.47-49 The impact of any such reaction on the 316 

results reported in this work was investigated by incorporating a reaction between CH2OO and CH2IO2 in the 317 

model at the upper limit of the predicted rate coefficients for CH2OO + RO2. Results at 70 Torr were affected 318 

by ~2 %, with those at 300 Torr affected by ~5 %. While the potential reaction between CH2OO and CH2IO2 319 

may not significantly impact the results reported here, reactions between Criegee intermediates and peroxy 320 

radicals have been indicated to play important roles in the formation of highly oxidised species in the 321 

atmosphere and warrant further studies. 322 

Simulations were also performed to determine the sensitivity of the results for k3 and k4 on the products of 323 

CH2OO + I specified in the model. Since the products, and branching ratios, of CH2OO + I are uncertain, fits 324 

were performed in which the reaction was considered simply as a loss mechanism for CH2OO and I (i.e. with 325 

no products specified, as shown in Table 2), and in which varying branching ratios were considered for 326 

production of CH2I + O2, CH2IO2, and HCHO + IO: 327 

CH2OO + I   → CH2I + O2 (R4a) 328 

CH2OO + I   → CH2IO2 (R4b) 329 

CH2OO + I   → HCHO + IO (R4c) 330 

The impacts on k3 and k4 of varying the branching ratios for channels R4a-c are shown in Figure 7. For k3, 331 

there is little sensitivity of the results to the nature of the products or branching ratio for R4. For k4, there is 332 

some sensitivity to the branching ratio adopted in the model, particularly at low pressures and if the reaction 333 

proceeds primarily via R4a to form CH2I + O2. Although Su et al. predicted that production of CH2I + O2 is 334 

the dominant reaction channel for R4, the kinetics of this reaction pathway are not expected to exhibit any 335 

significant pressure dependence, and the lowest energy pathways in the reaction result in production of CH2IO2 336 

or HCHO + IO. 30 R4a is expected to be thermodynamically unfeasible due to the existence of an activation 337 

barrier to such a reaction, and since the forward reaction between CH2I and O2 has been shown to occur (R2a 338 

and R2b) and is fast, the reverse reaction between CH2OO and I to produce CH2I and O2 (R4a) is unlikely to 339 

occur. Our previous measurements of the HCHO products of CH2OO chemistry indicate that the CH2OO self-340 

reaction and CH2OO + I ultimately produce HCHO in 100 % yield, either directly or via formation and 341 

subsequent chemistry of CH2IO2.
18, 40 Ting et al.32 have also indicated that channels producing CH2IO2 and 342 

HCHO + IO are more significant than that producing CH2I + O2. We therefore exclude the possibility that the 343 

reaction proceeds 100 % via R4a from further analysis. For all other combinations of branching ratios, the 344 

results for k4 are within 20 % of the value given by the model in which the reaction is treated as a loss 345 

mechanism for CH2OO and I but with products unspecified. Results reported for k3 and k4 in this work used 346 

the model as shown in Table 2 (i.e. with products for R4 not specified) and include uncertainties resulting 347 

from assumptions regarding the rate coefficients and branching ratios adopted in the model.  348 

The production of IO following photolysis of CH2I2/O2 mixtures has been investigated in a number of previous 349 

studies, with several arguments proposed to explain the source of IO within the system. Early studies of the 350 

reaction between CH2I and O2 indicated that IO was produced directly from CH2I + O2.
50-53 However, later 351 

studies have provided evidence that IO is not produced directly from the reaction between CH2I and O2, but 352 

is a product of secondary reactions involving I atoms.32, 36, 54, 55 Dillon et al.54 monitored the production of IO 353 

using laser-induced fluorescence (LIF) spectroscopy following photolysis of CH2I2/O2 at a wavelength of 351 354 

nm at pressures between 15 and 60 Torr, and observed a non-linear dependence of the IO yield on the fluence 355 

of the photolysis laser and on the concentration of O2, suggesting an indirect radical-radical mechanism. 356 

Subsequent work was carried out by Gravestock et al.,36 in which IO was monitored via time-resolved 357 

broadband UV absorption spectroscopy following photolysis of CH2I2/O2 at wavelengths of 193 nm or 248 358 

nm at room temperature and atmospheric pressure, under which conditions the chemistry of CH2IO2 dominates 359 

over that of CH2OO owing to the pressure dependent branching ratios for CH2I + O2. Gravestock et al. 360 

observed a dependence of the production rate and yield of IO on the concentrations of CH2I2 and O2, indicating 361 
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an indirect mechanism and leading to the suggestion that the production was dominated by the reaction 362 

between CH2IO2 and I. Ting et al.32 have also indicated that production of IO at high pressures is dominated 363 

by CH2IO2 + I (R7), while production at lower pressures (p < 60 Torr) is dominated by CH2OO + I (R4). 364 

Foreman and Murray55 monitored the production of IO(v=0) and IO(v=1) using cavity ringdown spectroscopy 365 

following 355 nm photolysis of CH2I2/O2 at 52 Torr and 295 K, with measurements indicating that the 366 

production of IO(v=0) was dominated by secondary chemistry, likely CH2OO + I. Production of IO(v=1) was 367 

observed to occur with a rate coefficient five times larger than that for IO(v=0), but with a smaller yield, with 368 

results indicating direct production of IO(v=1) from the reaction of excited CH2I* with O2 and a dependence 369 

of the mechanism on the degree of excitation of CH2I.
55 370 

Figure 8 shows a typical IO concentration-time profile observed in this work. The profile is characterised by 371 

a rapid production of IO that occurs within 1 ms of photolysis, followed by a slower production and subsequent 372 

decay, as has been observed in previous studies.36, 55 The peak IO concentration in this work was observed to 373 

be directly proportional to the initial concentration of CH2I in the system (determined from the observed 374 

depletion in CH2I2 absorbance) with an IO yield that is ~20 % of the initial CH2I concentration (see 375 

Supplementary Information for further details). Gravestock et al.36 observed similar behaviour, but with a 376 

higher yield of 30-40 %, with results indicating that IO is not a direct photolysis product of CH2I2/O2 but is 377 

produced via secondary radical processes. It was postulated that IO could be produced by a multi-photon 378 

process on photolysis of CH2I2 at 248 nm, leading to the production of CH2 radicals which react rapidly with 379 

the excess O2 to form HCHO + O, with subsequent production of IO through the reaction of O + CH2I2 → IO 380 

+ CH2I. However, this mechanism could only account for ~5 % of the IO observed in the system.36 Subsequent 381 

work by Foreman and Murray55 monitored production of both IO(v=0) and IO(v=1) by cavity ringdown 382 

spectroscopy following CH2I2/O2 photolysis at 355 nm, with the observed behaviour suggesting production 383 

of excited CH2I* radials which generate IO on reaction with O2. The impact of excited CH2I* on secondary 384 

production of HCHO and OH radicals has also been observed in other studies of CH2OO chemistry.18, 56  385 

In this work, we focus on the IO production in the system that occurs following the initial rapid production. 386 

Figure 9 shows the ratio of the maximum observed IO concentration to the concentration of IO generated by 387 

the initial rapid production, representing the yield of IO produced in the system following the initial rapid 388 

growth, as a function of pressure. The yield of IO was observed to increase with increasing pressure, with 389 

limited production of IO at low pressures. Model simulations constrained to the observed initial IO 390 

concentrations (i.e. the rapid IO production) were compared to the observed temporal behaviour of IO to 391 

investigate the impacts of CH2OO + I (R4) and CH2IO2 + I (R7) on the subsequent production of IO using the 392 

mechanism given in Table 2. The rate coefficient used for R7 in the model shown in Table 2 is taken from the 393 

work of Gravestock et al.,36 in which laser-induced fluorescence was employed to monitor the formation of 394 

IO and HCHO following photolysis of CH2I2/O2 at 100 Torr, with kinetics determined by fitting to the HCHO 395 

observations. A mechanism producing IO directly from CH2I + O2 was found to be inconsistent with their 396 

observations, which led to the conclusion that the formation and subsequent reactions of CH2IO2 are the most 397 

likely to be responsible for IO production.  398 

Production of IO in the system following the initial rapid production in this work potentially results from the 399 

chemistry of CH2OO or CH2IO2, or a combination of the two. If produced through reactions of CH2OO, IO 400 

can be produced either directly, via R4c, or indirectly, via R4b by way of production of CH2IO2 which then 401 

proceeds to generate IO through R7. Figure 5 indicates that R4b is the dominant channel of the CH2OO + I 402 

reaction and that R4c does not occur since association reactions, such as R4b exhibit pressure dependence 403 

whereas bimolecular reactions, such as R4c do not. As the fit of the Lindemann equation through the 404 

experimental data (Figure 5) shows that at zero pressure the overall rate coefficient of R4 is zero or very small, 405 

this signifies that the contribution of R4c to the overall rate coefficient for R4 is not significant. Since R4a has 406 

already been excluded as a potential pathway for the reaction between CH2OO and I at 298 K, this suggests 407 

that the only viable channel for this reaction is the production of the CH2IO2 peroxy radical. Figure 8 shows a 408 

typical comparison between observed and simulated IO profiles, constrained to the initial observed IO 409 
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concentration, in which R4 produces only CH2IO2 (i.e. R4b is the only reaction pathway considered). 410 

Simulations in which R4 produces 100 % CH2IO2 underpredict the observed IO at early times following 411 

photolysis where a growth is seen, and overpredict the observed IO at late time points following photolysis 412 

where the IO decay can be observed. This suggests that both the production and decay of IO in the system are 413 

underestimated in the model as listed in Table 2. This discrepancy between observed and simulated IO may 414 

be due to uncertainties in the chemistry of the CH2IO2 peroxy. To investigate whether this is the case, 415 

simulations were performed in which the rate coefficients for reactions involving CH2IO2 (R6 and R7) were 416 

increased and decreased, and the simulated IO profile was compared to the experimental data. Figure 8 shows 417 

that while increasing the rate coefficient for the CH2IO2 self-reaction brings the simulated IO at late times into 418 

agreement with the observed IO, it is still underestimated at early times. It can also be seen that increasing the 419 

rate coefficient for the CH2IO2 + I reaction increases the IO production such that the experimentally observed 420 

IO at early times is accounted for, however overestimates the IO at later times. On average, an increase in the 421 

rate coefficient for the CH2IO2 self-reaction of a factor of 3 was required in order to simulate an IO profile in 422 

agreement with the observed IO whereas the increase required for the rate coefficient of the CH2IO2 + I 423 

reaction is approximately a factor of 2. An example is given in Figure 8. These results suggest that kinetics of 424 

CH2IO2 chemistry in the model, in particular that of the CH2IO2 self-reaction, need to be significantly altered 425 

in order to account for the observed IO in the system. It should be noted that these adjustments to the rate 426 

coefficients of R6 and R7 show that a combination of changes to both rate coefficients may be required, and 427 

demonstrate the magnitude of these changes, in order to produce an IO simulation which can account for the 428 

IO observed in the system. However a quantitative analysis of CH2IO2 chemistry is outside the scope of this 429 

work. Results reported in this work for k3 and k4 include uncertainties arising from assumptions regarding rate 430 

coefficients and branching ratios used in the model given in Table 2. 431 

The potential for reaction between CH2OO and IO was also investigated in this work. However, results for k3 432 

and k4 obtained by fitting to the observed CH2OO profiles were not sensitive to the inclusion of a reaction 433 

between CH2OO and IO in the model with a rate coefficient below 1 × 10-10 cm3 s-1, regardless of whether the 434 

model was constrained or unconstrained to the observed IO concentrations. Further details are provided in the 435 

Supplementary Information.  436 

 437 

Conclusions 438 

The UV absorption cross-sections of the Criegee Intermediate CH2OO, and kinetics of the CH2OO self-439 

reaction and the reaction of CH2OO with I have been investigated at a temperature of 298 K and pressures 440 

between 6 and 300 Torr using pulsed laser flash photolysis of CH2I2/O2/N2 gas mixtures coupled with time-441 

resolved broadband UV absorption spectroscopy. Results indicate a broad UV absorption spectrum for 442 

CH2OO, with a peak absorption cross-section of (1.37 ± 0.29) × 10-17 cm2 at λ ~ 340 nm and vibronic structure 443 

at wavelengths > 340 nm, in good agreement with results reported by Ting et al.28 and Foreman et al.29 Kinetics 444 

of the CH2OO self-reaction have been shown to be independent of pressure over the range investigated, with 445 

a rate coefficient of (8.0 ± 1.1) × 10-11 cm3 s-1 over all pressures. The reaction CH2OO + I is significant in the 446 

reaction system, with a pressure-dependent rate coefficient ranging from (1.1 + 2.2

- 1.1
) × 10-12 cm3 s-1 at 6 Torr to 447 

(5.5 ± 2.1) × 10-11 cm3 s-1 at 300 Torr which can be parameterised by a Lindemann fit using k0 = (4.4 ± 1.0) × 448 

10-29 cm6 s-1 and k∞ = (6.7 ± 0.6) × 10-11 cm3 s-1. The production of IO in the system has also been investigated 449 

as a function of pressure. Results indicate that IO formation results from the chemistry of both CH2OO and 450 

CH2IO2, with relative contributions from CH2OO and CH2IO2 chemistry varying as a function of pressure 451 

owing to the pressure-dependent yields of CH2OO and CH2IO2 from CH2I + O2 and the pressure dependence 452 

of the CH2OO + I reaction.  453 

 454 

 455 
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 463 

Tables 464 

Band centre / nm 

(This work) FWHM / nm 

Band centre / nm 

Ting et al.28 

Band centre / nm 

Foreman et al.29 

364.3 17.5 363.6 364.272 

372.0 13.3 372.0 371.955 

380.2 10.6 380.7 380.040 

388.4 10.3 389.3 388.863 

399.0 8.9 399.0 397.915 

408.6 10.9 409.3 408.680 

420.2 11.7 420.5 419.305 

431.5 7.9 - 431.109 

    

Table 1: Band centres and widths of the vibronic features observed in the CH2OO spectrum. Ting et al.28 465 

report only seven of the features observed in this work and in the work of Foreman et al.29 The weak feature 466 

centred at ~431 nm has been tentatively assigned as the band origin by Foreman et al. 467 

 468 

 469 

 470 

 471 

 472 

 473 

 474 

 475 

 476 

 477 

 478 
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Reaction Number Reaction Rate Coefficient, k / cm3 

s-1 

Reference 

R2a CH2I + O2 → CH2OO + I Y × (1.5 × 10-12) 40, 50, 51 

R2b CH2I + O2 → CH2IO2 (1-Y) × (1.5 × 10-12) 40, 50, 51 

R3 CH2OO + CH2OO → 2 HCHO + O2 k3 Determined in fit 

R4 CH2OO + I → products k4  Determined in fit 

R5 CH2OO → loss k5 * Determined in fit 

R6 CH2IO2 + CH2IO2 → 2 CH2IO + O2 9.0 × 10-11 36 

R7 CH2IO2 + I → CH2IO + IO 3.5 × 10-11 36 

R8 CH2IO → HCHO + I 1.0 × 105 * 36 

R9 IO + IO → products 1.5 × 10-10 32, 46 

    

Table 2: Summary of the reactions and rate coefficients used in the model to fit to experimental observations 479 

of CH2OO to determine the rate coefficients k3, k4 and k5. Initial concentrations of CH2OO were determined 480 

by fitting to the data, with initial concentrations of CH2I, I and CH2IO2 determined from our previous 481 

measurements40 of the yields of CH2I + O2, where Y indicates the yield of CH2OO from CH2I + O2, and their 482 

relationship to the initial concentration of CH2OO. *Units of s-1.  483 

 484 

Pressure / Torr k3 / 10-11 cm3 s-1 k4 / 10-11 cm3 s-1 

6 7.9 ± 1.1 0.1 + 0.2

- 0.1
 

15 7.5 ± 1.0 2.2 ± 1.4 

30 8.0 ± 1.2 2.4 ± 1.8 

70 8.5 ± 1.0 4.3 ± 1.7 

120 8.3 ± 1.1 4.3 ± 1.7 

160 8.5 ± 1.1 5.1 ± 2.2 

200 7.7 ± 1.1 6.2 ± 2.8 

250 7.9 ± 1.3 5.4 ± 2.4 

300 7.6 ± 1.0 5.5 ± 2.1 

   

Table 3: Summary of results for the rate coefficients for the CH2OO self-reaction (k3) and CH2OO + I (k4) as 485 

a function of pressure. Values at each pressure are the mean values obtained over all experiments at that 486 

pressure. Uncertainties include the 1σ standard deviation of the mean values and the uncertainties determined 487 

from the fit sensitivities to reactions R6-R9 and the branching ratios for reaction R4. 488 
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Table 4: Summary of results for the rate coefficient for the CH2OO self-reaction (k3) and for the reaction between CH2OO and I (k4) obtained in this work and 

reported in the literature. FTIR = Fourier transform infrared; UVA = UV absorption; CRDS = cavity ringdown spectroscopy. 

 

 

 

 

 

 

 

Study Temperature / 

K 

Pressure / 

Torr 

Photolysis λ / 

nm 

Detection 

Technique 

[CH2OO]0 / 1011 

cm-3 

k3 / 10-11 cm3 s-1 k4  

Su et al., 2014 30 343 10 – 100 355 FTIR 100 - 800 40 ± 20 (4 ± 2) 10-11 cm3 s-1 

Buras et al., 2014 31 297 25 – 100 266 UVA 20 - 200 6.0 ± 2.1 < 1 10-11 cm3 s-1 

Ting et al., 2014 32 295 7.6 – 779 248 UVA 200 - 2000 8.2 ± 1.4 (6 – 10) 10-11 cm3 s-1 

Chhantyal-Pun et al., 2015 19 293 7 – 30 355 CRDS 25 - 50 7.35 ± 0.63 < 1 10-11 cm3 s-1 

This work 298 6 – 300 248 UVA 1 - 10 8.0 ± 1.1 k0 = (4.4 ± 1.0) 10-29 cm6 s-1 

k∞ = (6.7 ± 0.6) 10-11 cm3 s-1 
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Figures 

 

Figure 1: Total observed absorbance (A, black) at t = 1 ms following photolysis of CH2I2/O2/N2. Contributions 

from CH2I2, IO and CH2OO determined by fitting reference spectra to the observed absorbance, and the fit 

residual, are also shown. For these data, p = 70 Torr, [O2] = 2.19 1017 cm-3, [CH2I2] = 9.72 1012 cm-3, 

Δ[CH2I2] l = 6.06 1014 cm-2, [CH2OO]0 = 7.27 1011 cm-3, [CH2OO] = 7.06 1011 cm-3, [IO] =  1.96 1011 

cm-3. 

 

 

Figure 2: Absolute CH2OO cross-sections determined in this work (purple line), with the 1σ standard deviation 

(grey shading). Results from previous work are also shown. Note that the results of Beames et al.27 and Sheps16 

are scaled by a factor of 0.3.  
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Figure 3: Temporal profile of the experimentally observed [CH2OO] (green, orange and purple points) and 

the respective model fit (green, orange and purple line) using the mechanism given in Table 2. For all these 

data p = 70 Torr; for the data shown in green [O2] = 2.19 1017 cm-3, and [CH2I2] = 9.72 1012 cm-3, and the 

fit to the data gave [CH2OO]0 = (7.27 ± 0.12) 1011 cm-3, k3 = (9.5 ± 0.9) 10-11 cm3 s-1, k4 = (4.4 ± 0.4) 

10-11 cm3 s-1 and k5 = 0.030 ± 0.002 s-1; for the data shown in orange [O2] = 1.49 1017 cm-3, and [CH2I2] = 

1.91 1013 cm-3, and the fit to the data gave [CH2OO]0 = (5.24 ± 0.11) 1011 cm-3, k3 = (7.9 ± 0.4) 10-11 cm3 

s-1, k4 = (5.0 ± 0.2) 10-11 cm3 s-1 and k5 = 1.00 ± 0.21 s-1; and for the data shown in purple [O2] = 1.50 1017 

cm-3, and [CH2I2] = 7.25 1012 cm-3, and the fit to the data gave [CH2OO]0 = (3.08 ± 0.13) 1011 cm-3, k3 = 

(8.1 ± 1.3) 10-11 cm3 s-1, k4 = (5.0 ± 0.5) 10-11 cm3 s-1 and k5 = 0.15 ± 0.27 s-1.  

 

 

Figure 4: Rate coefficients for the CH2OO self-reaction (k3) as a function of pressure determined in this work 

(black points). Uncertainties include the 1σ standard deviation of the mean values and the uncertainties 
determined from the fit sensitivities to reactions R6-R9 and the branching ratios for reaction R4. Results 

reported in previous work are also shown.  
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Figure 5: Rate coefficients for the reaction between CH2OO and I (k4) as a function of pressure determined in 

this work (black points). Uncertainties include the 1σ standard deviation of the mean values and the 
uncertainties determined from the fit sensitivities to reactions R6-R9 and the branching ratios for reaction R4. 

The fit to the Lindemann equation (Equation 3, shown by the grey line, with the 95 % confidence bands to the 

fit shown by the light grey shaded region) gives k4,0 = (4.4 ± 1.0) × 10-29 cm6 s-1 and k4,∞ = (6.7 ± 0.6) × 10-11 

cm3 s-1. 

 

 

Figure 6: Sensitivity of a) k3 and b) k4 to the rate coefficients adopted in the model used to fit to experimental 

observations. Results are shown for analyses at 70 Torr (red) and 300 Torr (blue). The sensitivity factor is 

defined as the fractional difference in the fit result for a) k3 and b) k4 compared to the fit result determined 

using the rate coefficients as given in Table 2.  
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Figure 7: Sensitivity of a) k3 and b) k4 to the branching ratios adopted in the model for the reaction between 

CH2OO and I (R4). Branching ratios are defined as α for channel R4a (producing CH2I + O2), β for channel 
R4b (producing CH2IO2), and γ for channel R4c (producing HCHO + IO). Results are shown for analyses at 

70 Torr (red) and 300 Torr (blue). The sensitivity factor is defined as the fractional difference in the fit result 

for a) k3 and b) k4 compared to the result determined for fits in which no products for R4 are specified.  

 

 

Figure 8: Experimentally observed IO concentrations (black points) and simulated IO profiles using the 

mechanism given in Table 2, except where specified otherwise, and constrained to the observed IO 

concentration at t = 1 ms. The reaction between CH2OO and I (R4) was set to produce CH2IO2 with 100 % 

yield (purple). Adjustments made to the rate coefficients of the CH2IO2 self-reaction (R6) and the CH2IO2 + I 

reaction (R7) to simulate IO profiles which better represented the IO observed in the system than using rate 

coefficients as given in Table 2 were 3  k6 (green), 1.5  k7 (orange) and a combination of both 3  k6 and 1.5 

 k7 (blue). For these data, p = 70 Torr, [O2] = 1.49 1017 cm-3, [CH2I2] = 1.57 1013 cm-3, and [CH2OO]0 = 

6.77 1011 cm-3. The comparison between observed and simulated IO profiles for data at p = 300 Torr is given 

in the Supplementary Information.  
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Figure 9: Ratio of the maximum observed IO concentration to the concentration of IO generated by the initial 

rapid production, representing the yield of IO produced in the system following the initial rapid growth, as a 

function of pressure. Uncertainties are the 1σ standard deviation of the mean values at each pressure.  
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