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I. First order kinetics of CH2OO  

 

The loss of CH2OO comes from its self-reaction as well as reacting with other radicals. Some 

previous experiments showed the decay traces of CH2OO can be described by first-order 

process.1,2,3 The differential rate equation for loss of CH2OO can be written as follows: 

d[CH2OO]

dt
=k2a[CH2I][O2]-Kobs[CH2OO]             (S1) 

where Kobs is the total loss rate of CH2OO. By combining eqn (s1) and eqn (6) in the main 

text, time dependant [OH] can be described as follows: 

[OH]=
Kd

Ks
([CH2OO]0+

K2a[CH2I]0

(K2a-Kobs)
)exp(-Kobst) -

KdK2a[CH2I]0

Ks(K2a-Kobs)
exp(-K2t)                               (S2)   

According to eqn (S2), OH signals as the function of time can be fitted with the difference 

of two exponentials: 

           SOH= C0exp(-Kobst) - C1exp(-K2t)                         (S3)   

 

II. Comparison of different fitting methods for various concentration of O2. 

 

    

Fig. S1. The OH decay traces were acquired in different concentration of O2, which were fitted either by 

applying eqn (S3) with the first order loss of CH2OO considered I) or eqn (7) with both the first and second 

order loss of CH2OO considered II). All the decay traces were taken at 10 Torr total pressure.  

 

In low concentration of O2 (0.61 × 1015 - 1.22 × 1015 molecule cm-3), the comparison of the OH 

decay traces fitted with different methods, either the first order or both the first and second order 

kinetics of CH2OO considered, was shown in Fig. S1. Fig. S1 I) showed that the difference of two 

exponentials could not fit the time traces of OH very well. That may be the reason why Liu et al. 



([O2] < 1.63×1015 molecule cm-3) added another exponential in their fitting4. In Fig. S1 II), some 

discrepancies between the original data and the fitted lines appeared at the time around 2.5 ms. 

The OH decay traces could not be well fitted with either the first order or both the first and second 

order kinetics of CH2OO, which implicated there may be some secondary reactions at conditions 

that the O2 concentration is low (SOM of ref.5). 

 

     

Fig. S2. The OH decay traces were acquired in different concentration of O2, which is similar to Fig. S1, but 

different O2 concentration was used. The OH decay traces were fitted either by applying eqn (S3) with the 

first order loss of CH2OO considered I) or eqn (7) with both the first and second order loss of CH2OO 

considered II).  

 

In comparison, within high concentration range of O2 (4.44 × 1016 - 1.33 × 1017 molecule cm-3), 

the OH decay traces could be well fitted with the difference of two exponentials, in consistence 

with Chao et al.3 ([O2]>3.2×1017 molecule cm-3) and Lewis et al.1 ([O2]～2×1017 molecule cm-3), 

who showed the time traces of CH2OO could be well fitted using the first-order kinetics of CH2OO. 

The OH decay traces could also be well fitted via applying eqn (7) with both the first and second 

order kinetics of CH2OO considered. 

 

The total flow rate in the flow tube reactor was kept constant and the change of the concentration 

of O2 was balanced by that of Ar. The OH detection efficiency changes with O2 concentration since 

O2 and Ar have different quench factors for the OH (A2Σ+).6,7 In Fig. S1 the peak intensity of the OH 

signals increases with [O2] concentration, while Fig. S2 shows the reverse trends; the former may 

be chiefly caused by some processes which competed with O2 to consume CH2I, while the lower 

detection efficiency of OH may be largely responsible for the latter.  

            

III. Comparison of results with and without considering the second order kinetics of CH2OO 

 

Fig. S3 I) shows the fitting of OH decay traces in the presence of various concentration of SO2 

with eqn (S3), the same data as the ones used in Fig. 1. The fitted Kobs plotted against SO2 

concentrations was shown in Fig S3 II). For comparison, Kobs derived from fitting the OH 

decay traces with the first order kinetics of CH2OO was shown in red and those with both 

the first and second order kinetics of CH2OO was shown in black. The linear fit of Kobs 

against [SO2] yielded the rate coefficient of CH2OO + SO2. The rate coefficient obtained with 



inclusion of the second order kinetics of CH2OO in the analysis is slightly larger, as the 

correction of the Kobs increases while decreasing the SO2 concentration.  

 

 

   

Fig. S3. I) OH decay traces in the presence of various concentrations of SO2, the same data in Fig. 1. For 

comparison, eqn (S3) was used in fitting of the OH decay traces. II) The fitted values of Kobs were plotted 

against the concentration of SO2, and the slopes of the linear fittings give the CH2OO + SO2 bimolecular 

reaction rate coefficient. Kobs was derived from fittings based on either first order (red ) or both the first 

and second order(black) kinetics of CH2OO.  

 

 

Table S1. Summary of A0, A1, K2, Kobs, σ (standard deviation of Kobs) and R2, which were derived from fitting 

the OH decay traces with inclusion of the second order kinetics of CH2OO by applying eqn (7). During the 

analysis, [CH2OO]M was fixed to 5.24 × 1012 molecules/cm3.* The plot of Kobs against [SO2] was shown in 

Fig. 2.  

 

 

a. Unit in 1013 molecules/cm-3 

*We first floated the [CH2OO]M during the fitting, and then obtained the listed values by performing the 

second round of fittings using the averaged value of [CH2OO]M.  

 

 

 

 



Table S2. Summary of C0, C1, K2, Kobs, σ (standard deviation of Kobs) and R2, which were derived from fitting 

the OH decay traces with the first order kinetics of CH2OO by applying eqn (S3). The plot of Kobs against 

[SO2] was shown in Fig. S3.  

 

 

a. Unit in 1013 molecules/cm-3 

 

 

 

 

 

     

 

Fig. S4. I) The OH decay traces in presence of various concentration of H2O, the same data in Fig. 3. For 

comparison, eqn (S3) was used in fitting of the OH decay traces. II) The fitted values of Kobs were plotted 

against the concentration of (H2O)2, and the slopes of the linear fittings were responded to the CH2OO + 

(H2O)2 bimolecular reaction rate coefficient. Kobs was derived from fittings based on either first order 

(red ) or both the first and second order(black) kinetics of CH2OO.  

       

 

 

 

 

 

 



Table S3. Summary of A0, A1, K2, Kobs, σ (standard deviation of Kobs) and R2, which were derived from fitting 

the OH decay traces with inclusion of the second order kinetics of CH2OO by applying eqn (7). During the 

analysis, [CH2OO]M was fixed to 1.65 × 1013 molecule/cm3. The plot of Kobs against [(H2O)2] was shown in 

Fig. 4.  

 

a. Unit in 1017 molecules/cm-3 

 

Table S4. Summary of C0, C1, K2, Kobs, σ (standard deviation of Kobs) and R2, which were derived from fitting 

the OH decay traces with the first order kinetics of CH2OO by applying eqn (S3). The plot of Kobs against 

[(H2O)2] was shown in Fig. S4.  

 

 

a. Unit in 1017 molecules/cm-3 

 

 

 

 

 

 

 

 

 



Table S5. Summary of A0, A1, K2, Kobs, σ (standard deviation of Kobs) and R2, which were derived from fitting 

of the OH decay traces with inclusion of the second order kinetics of CH2OO by applying eqn (7). The plot 

of Kobs against [CH2I2] was shown in Fig. 5. The photolysis radiation pulse energy were a) 40mJ/cm2, b) 

80mJ/cm2, c) 160mJ/cm2 respectively. 

a) 

 
b) 

 
c) 

 
a.Unit in 1014 molecules/cm-3    b. Unit in 1013 molecules/cm-3 

 

 



 

Fig S5. The decay rates Kobs  were plotted against CH2I2 concentration. The green and black open circles 

were the fitted values of Kobs, which were derived from fitting the data obtained with photolysis pulse 

energy of 40 mj/cm2, either by applying eqn (S3) with first order loss of CH2OO considered (green) or eqn 

(7) with both the first and second order loss of CH2OO considered (black). The linear fits of those two 

sets of data were shown in black lines. Similarly, The blue and red open circles were the fitted values of 

Kobs, which was derived from fitting the data obtained with photolysis pulse energy of 160 mj/cm2, either 

by applying eqn (S3) with first order loss of CH2OO considered (blue) or by eqn (7) with both the first and 

second order loss of CH2OO considered (red). The linear fits of those two sets of data were shown in red 

lines.  

The rate coefficients obtained with inclusion of the second order kinetics of CH2OO in the 

analysis is slightly smaller, which was caused by the fact that the correction of the Kobs 

increases while increasing the CH2I2 concentration. Since [CH2OO] is proportional to 

[CH2I2], the self-reaction of CH2OO will be more important as the [CH2I2] increases, which 

resulted in the increased correction of Kobs as mentioned above. 
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