
H2SO4 represents a key substance in the process of atmospheric nucleation. The importance of gas-phase products 
from ole�n ozonolysis other than OH radicals, most likely stabilized Criegee Intermediates (sCIs), for the process of at-
mospheric SO2 oxidation to H2SO4 has recently been discovered. 
Subject of this work are investigations on H2SO4 formation from CH2OO + SO2 as a function of the water vapour con-
tent and the measurement of the CH2OO steady state concentration starting from the ozonolysis of ethylene used for 
formaldehyde oxide generation. 
For the reaction with water vapour, up to now only upper limit estimates of k3a are available from the diiodomethane 
photolysis technique di�ering by a factor of about 40, Welz et al. (2012) and Stone at al. (2014).  Results from ethene 
ozonolysis experiments point to a much more e�ective reaction of CH2OO with water vapour, e.g. Suto et al. (1985). 
Quantum chemistry favours reaction (3b) over (3a) for atmospheric conditions, Ryzhkov and Ariya (2004). 

 O3  +  C2H4    →  y1· OH  +  y2· sCI(CH2OO)  +  ..   (1) 
 CH2OO  +  SO2   →  CH2O  +  SO3         (2)  k2 = 3.9·10-11 cm3/s  Welz et al. (2012)
 CH2OO  +  H2O   →  products         (3a) k3a < 4·10-15 cm3/s  Welz et al. (2012)
 CH2OO  +  (H2O)2  →  products         (3b)
 CH2OO     →  dioxirane, OH, ...       (4)  k4 = 100 s-1 (upper limit)  Welz et al. (2012)
                        k4 = 0.3 s-1 (calculated)  Olzmann et al. (1997)
 CH2OO  +  CH2OO →  products         (5)  k5 = 3.1·10-10 cm3/s  Su et al. (2014)
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Summary and Conclusions

- The reaction of CH2OO with water vapour is second order in [H2O] indicating a reaction of CH2OO with the water dimer as favoured 
from quantum chemical calculations.

 
- The atmospheric fate of CH2OO is governed by the reaction with water vapour. There are con�icting rate coe�cients (or k-ratios) for 
 k3a/k2 (k3b/k2) and k4/k2 in the literature.

- A comparison with the reactivity of CH3CHOO and (CH3)2COO (Berndt et al., 2014) shows a distinct sCI-structure dependent behaviour.

- A CH2OO thermal lifetime at 293 K of about 3 s is deduced from CH2OO steady-state measurements in agreement with theoretical 
 calculations (Olzmann et al., 1997). 

Figure 1: H2SO4 formation as a function of SO2 and RH; [O3] = 2.2·1011 and [C2H4] = 
1.5·1013 cm-3. Lines are the results from regression analysis according to equation (II). 

Figure 3: CH2OO steady-state concentrations (H2SO4) as a function of di�erent [C2H4], 
(7.8 - 26)·1012 cm-3; [O3] = 2.2·1011 cm-3, OH scavenger, RH = 0%. CH2OO titration 
with SO2 (1.05·1014 cm-3) at the the �ow tube outlet.   

Data analysis:
-  path (5) is negligible for CH2OO consumption, < 0.0002% 
- fraction of stabilized CH2OO producing H2SO4, CH2OOH2SO4 / CH2OOtotal, 
 is equal to the reaction rate of path (2) divided by the total reaction rate

                   (I)

- kloss = k3a[H2O] + k3b[(H2O)2] + k4 for a given water concentration (or RH)

                   (II)

- here [H2SO4]CH2OO stands for [H2SO4] from CH2OO titration by SO2
- [H2SO4]CH2OO allows to determine the yield of stabilized CH2OO, y2

- reaction in absence of SO2 and water ([H2O] < 1014 cm-3)  
- titration of [CH2OO]ss at the tube outlet with SO2 (presence of H2O)

- [CH2OO]ss = y2·k1·[O3]·[C2H4] / k4
- additional H2SO4 formation after SO2 addition: 
 [H2SO4]addional = y2·k1·[O3]·[C2H4] ·t
- slope of [H2SO4]total vs. k1·[O3]·[C2H4]:   y2/k4 + t

- experimental: slope = 1.44 ± 0.05 s
- y2 = 0.4, t ∼ 0.4 s
→ k4 = 0.38 ± 0.02 s-1 (only statistical error)
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Figure 2: kloss / k2 as a function of the water dimer concentration 

→ kloss / k2 is proportional to the water dimer 
 concentration
→ k3b / k2 = 0.29 ± 0.01
→ intercept: k4 / k2 = (4.3 ± 3.0)·1011 cm-3 

 

Atmospheric modelling
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Figure 4: Modelling results of the CH2OO fraction reacting with water vapour either 
via path (3a) or (3b), k-values from literature as stated, [SO2] = 1010 molecule cm-3.
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