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ABSTRACT  

The self-reaction of the ethyl peroxy radical (C2H5O2) (R1) has been studied using laser 20 

photolysis coupled to a selective time resolved detection of two different radicals by continuous 

wave cavity ring-down spectroscopy (cw-CRDS) in the near-infrared range: C2H5O2 was detected 

in the Ã-   electronic transition at 7596 cm
-1

, and HO2 was detected in the 21 vibrational 

overtone transition at 6638.21 cm
-1

. Radicals were generated from pulsed 351 nm photolysis of 

C2H6 / Cl2 mixture in presence of O2. The reaction can proceed via a radical maintain channel 25 

leading to two C2H5O radicals (R1a) or to stable products (R1b/1c). Because C2H5O radicals 

react subsequently with O2 leading to HO2, which in term reacts rapidly with C2H5O2, knowledge 

of the branching ratio is indispensable for retrieving the rate constant. A strong disagreement 

exists about the rate constant and the branching ratio between the IUPAC recommendation 

(Atkinson et al., ACP, 3525, 2006) and a recent, more direct measurement (Noell et al., JPC A, 30 

6983, 2010). The rate constant for the self-reaction has been found at k1 = (1.0±0.2) ×10
-13 

cm
3
s

-1
 

with the branching fraction of the C2H5O radical channel being  = (0.31±0.06), being in 

contradiction with the IUPAC recommendation, but confirms the most recent measurement and 

indicates that the current recommendation for this reaction should be revised. The reaction of 

C2H5O2 with the ethoxy radical (C2H5O) can also been involved in the reaction mechanism, and 35 

its rate constant is also extracted from modelling. It is found to be k9 = (7±1.5) ×10
-12 

cm
3
s

-1
, two 

times slower than the only available measurement from Noell et al. JPC A, 6983, 2010. 

 

 

INTRODUCTION  40 

The oxidation of volatile organic compounds (VOCs) in the troposphere is mainly driven by 

hydroxyl radicals (OH) and leads, after addition of O2, to the formation of organic peroxy 

radicals (RO2). The fate of these RO2 radicals depends on the chemical composition of the 

environment. In polluted atmospheres they mainly react with nitric oxide (NO) to form alkoxy 

radicals or react with nitrogen dioxide (NO2) to form peroxynitrates (RO2NO2). Subsequent to the 45 

reaction with NO, alkoxy radicals react with O2 to form hydroperoxy radicals (HO2). HO2 further 

oxidises NO into NO2 and thus regenerates OH, closing the quasi-catalytic cycle. The photolysis 

of the produced NO2 leads subsequently to the formation of ozone (O3) and is the only relevant 

formation path of tropospheric ozone. In clean environments with low NOx (NOx = NO + NO2) 



concentrations, the fate of RO2 change and their dominant loss becomes the reaction with HO2 50 

forming hydroperoxides ROOH and terminating the radical reaction chain. Other reaction 

pathways under low NOx conditions for RO2 radicals are either reaction with other RO2 as self- 

(RO2 + RO2) or cross-reaction (RO2 + R’O2) or with OH radicals (RO2 + OH) 
1-3

. 

Ethane is one of the most abundant non-methane hydrocarbons, and its atmospheric oxidation 

leads to the formation of the ethyl peroxy radical, C2H5O2. Under low NOx conditions the 55 

following reactions can occur for C2H5O2:  

- its self-reaction
4-14

 

2 C2H5O2  → 2 C2H5O + O2       (R1a)  

   → C2H5OH + CH3CHO + O2     (R1b)  

   → C2H5O2C2H5 + O2      (R1c)  60 

- its reaction with HO2
4-5, 11, 15-18

 

C2H5O2 + HO2  → C2H5OOH + O2       (R2)  

- its cross-reaction with other peroxy radicals, mainly CH3O2
19

 

C2H5O2 + CH3O2  → 2 C2H5O + CH3O + O2      (R3a)  

   → C2H5OH/CH3OH + CH3CHO/CH2O + O2   (R3b)  65 

   → C2H5O2CH3 + O2      (R3c)  

- its reaction with OH radicals
20-21

 

C2H5O2 + OH  → C2H5O + HO2      (R4a)  

   → C2H5OOOH      (R4b)  

 70 

While (R2) has only one reaction path, the self- and cross reactions with other peroxy radicals 

can either lead to stable products (R1b and R1c, whereby R1c is thought to be minor) or maintain 

the radical pool (R1a). A reliable determination of the branching fraction is therefore important. 

However, the investigation of such reactions is not straight forward, because secondary chemistry 

cannot be avoided: the C2H5O product of the C2H5O2 self-reaction (R1a) leads to formation of the 75 

HO2 radicals, after rapid reaction with O2 

C2H5O + O2  → CH3CHO + HO2       (R5)  

whereby the HO2 radicals will subsequently react with C2H5O2 (R2). The rate constant of (R2) is 

faster than the rate constant of (R1), and thus the C2H5O2 decay is accelerated by (R2). Therefore, 

determining the rate constant k1 from observed C2H5O2 decays depends on the branching ratio α 80 

= k1a / k1 used in the data treatment: for a given experimental C2H5O2 decay the retrieved rate 



constant k1 will decrease with increasing branching ratio. 

Earlier studies of peroxy chemistry have either used time resolved UV absorption spectroscopy 

for the determination of the overall rate constant
4-12

 or, for the determination of the branching 

ratio, end-product studies by FTIR
13-14

 or by gas chromatography
7
. Direct observations of the 85 

HO2 yield and thus measurement of the branching ratio is not possible in UV absorption studies 

because the steady-state HO2 concentration, that builds-up from the (R1a) / (R5) reaction 

sequence, is rather low due to the fast consumption of HO2 through (R2). So, even if a relative 

selectivity between C2H5O2 and HO2 can principally be obtained by UV absorption spectroscopy 

(the absorption cross section at 250 nm is ~8 times higher for C2H5O2 than for HO2, at 210 nm 90 

the ratio is ~2 in favour of HO2), “clean” C2H5O2 decays can be observed when studying (R1), 

however the corresponding HO2 profiles cannot be extracted, because even at short wavelengths 

the much higher C2H5O2 concentration compared to HO2 always makes up the major fraction of 

the absorption signal, and a correction of the HO2 profile for contribution of C2H5O2 would 

induce very large error bars. Therefore, time-resolved UV absorption studies used the branching 95 

ratio, obtained from end-product studies, to extract the rate constant from the measured C2H5O2 

decays. This way, UV absorption measurements came to a relatively good agreement for the 

absolute value of the overall rate constant and end-product studies also came to a fairly good 

agreement on the branching ratio. Thus, it was agreed in almost all studies that the radical 

channel (R1a) is the major path, and a branching fraction of α = 0.63 for (R1a) and a total rate 100 

constant of k1 = 7.6×10
-14

 cm
3
s

-1
 is currently recommended by the IUPAC committee

22
.  

More recently, Noell et al.
5
 have carried out in 2010 for the first time a more selective 

measurement of this reaction: UV absorption was still used to monitor C2H5O2, but HO2 was 

directly measured in a selective way using wavelength modulation spectroscopy in the near IR. 

Interestingly, this work is in large disagreement with the earlier recommendations: while the 105 

observed C2H5O2 decays were in agreement with the older data, a branching fraction of only α = 

0.28 was found for the radical path. This leads to an overall rate constant of k1 = 1.19×10
-13

 

cm
3
s

-1
, around 56% higher than the value currently recommended by IUPAC. 

To our knowledge, no new measurements have been carried out on the C2H5O2 self-reaction since 

this interesting finding of the important disagreement between the recommended IUPAC values 110 

and the results from Noell et al. It seems therefore important to reinvestigate this reaction with 

yet another selective detection method. Here, we present results of experiments that have been 

carried out using laser photolysis coupled to cw-CRDS absorption spectroscopy in the near 



infrared region for a selective and sensitive detection of both radicals: the C2H5O2 radical is 

quantified in the Ã-   electronic transition at 7596.47 cm
-1

 (1316.4 nm), and the HO2 radical is 115 

followed in the 21 overtone vibration band at 6638.2 cm
-1

 (1506.4 nm).  

 

 

EXPERIMENTAL  

Experimental setup  120 

The setup has been described in detail before 
23-26

 and is only briefly discussed here (Figure 1).  

 
 

  

Figure 1. Schematic view of the experimental setup: AOM, Acousto-Optic Modulator; APD, Avalanche 125 
Photo Diode; M, Mirror; L, Lens. Both cw-CRDS systems are equipped with identical trigger circuits and 

data acquisition systems. 

 

The setup consisted of a 0.79 m long flow reactor made of stainless steel. The beam of a pulsed 

excimer laser (Lambda Physik LPX 202i, XeF at 351 nm) passed the reactor longitudinally. The 130 

flow reactor contained two identical continuous wave cavity ring-down spectroscopy (cw-CRDS) 

absorption paths, which were installed in a small angle with respect to the photolysis path. An 

overlap with the photolysis beam of 0.28 m is achieved with an excimer beam width delimited to 

2 cm. Both beam paths were tested for a uniform overlap with the photolysis beam before 

experiments were done. For this purpose, both cw-CRDS instruments were operated to 135 

simultaneously measure HO2 concentrations. Deviations between HO2 concentrations were less 

than 5 % demonstrating that the photolysis laser was very well aligned, i.e. both light paths 

probed a very similar photolysed volume in the reactor. A small helium purge flow prevented the 

mirrors from being contaminated. Two different DFB lasers are used for the detection of the two 

species (C2H5O2, HO2). They are coupled into one of the cavities by systems of lenses and 140 



mirrors. Each probe beam passed an acousto-optic modulator (AOM, AAoptoelectronic) to 

rapidly turn off the 1
st
 order beam once a threshold for light intensity in the cavity was reached, in 

order to measure the ring-down event. Then, the decay of light intensity was recorded and an 

exponential fit is applied to retrieve the ring-down time. The absorption coefficient  is derived 

from Equation (1). 145 

 α = [A] ∗ σA = 
  

 
 
 

 
 

 

  
       (Eq. 1) 

where τ is the ring-down time with an absorber present; τ0 is the ring-down time with no absorber 

present; σA is the absorption cross section of the absorbing species A; RL is the ratio between 

cavity length (79 cm) and effective absorption path (28.8 cm); c is the speed of light.  

Ethylperoxy radicals were generated by pulsed 351 nm photolysis of C2H6 / Cl2 / O2 mixtures:  150 

Cl2 + hν351 nm → 2 Cl        (R6)  

C2H6 + Cl → C2H5 + HCl       (R7)  

 C2H5 + O2 + M → C2H5O2 + M  (R8a)  

 C2H5 + O2 → C2H4 + HO2   (R8b)  

In order to rapidly convert C2H5O into HO2 through reaction (R5), most experiments have been 155 

carried out in 100 Torr O2 (Air Liquide, Alphagaz 2). In order to investigate the possible 

secondary reaction  

C2H5O2 + C2H5O → products      (R9)  

some experiments have been carried out in 90 Torr N2 / 10 Torr O2. 

 160 

Ethane (Mitry-Mory, N35) was used directly from the cylinder: a small flow was added to the 

mixture through a calibrated flow meter (Bronkhorst, Tylan). All experiments were carried out at 

298 K. 

 

RESULTS AND DISCUSSION  165 

The reliability of the measurement depends on the selective and sensitive detection of HO2 and 

C2H5O2 radicals: these two aspects will be presented at first. When studying the self-reaction of 

C2H5O2, several secondary reactions can be important and will need to be taken into account: the 

reaction of C2H5O2 with HO2 (R2) and with C2H5O (R9). Because data for these reactions are 



sparse, we have studied them separately and the results will be presented individually thereafter. 170 

Detection of HO2 radicals 

The reliability of the measurements presented in this work depends on the selective quantification 

of the two radicals, HO2 and C2H5O2. HO2 has been detected on the strongest line of the 21 band 

at 6638.2 cm
-1

. Pressure dependent absorption cross sections in helium (50 Torr He = 2.72×10
-19

 

cm
2
) 

27-28
 and in synthetic air

29-31
 (100 Torr air = 1.44×10

-19
 cm

2
) have been measured several times, 175 

but the cross section in pure O2 had only been measured once for a rather small absorption line
32

. 

Recently, we have determined the absorption cross section for the strong line at 6638.2 cm
-1

 at 

100 Torr O2
33

, and the value of 100 Torr O2 = 2.0×10
-19

 cm
2
 is used in this work to convert 

absorption-time profiles of HO2 into concentration time profiles. The absorption spectrum of HO2 

in this wavelength range is very structured with sharp peaks, thus it is easy to verify the 180 

selectivity of the measurement towards HO2 by taking absorption measurements on top of the 

line, and at a wavelength just next to it, where the HO2 absorption is virtually zero. No absorption 

signal was observed off the HO2 line in any of the current experiments, and therefore we can 

conclude that absorption measurements at 6638.2 cm
-1

 are highly selective for HO2 radicals in 

this reaction system. 185 

 

Detection of C2H5O2 radicals 

The detection of C2H5O2 in the near IR is less clear-cut: there was neither good agreement on the 

absorption cross section
34-36

 nor is the spectrum as structured as HO2, which makes it less 

straightforward to verify the selectivity of the measurement. Recently, we have determined the 190 

absorption cross section of C2H5O2 in Ã-   electronic transition
33

 and have obtained a pressure 

independent absorption cross section of  = 1.0×10
-20

 cm
2
 on the peak at 7596.47 cm

-1
. This cross 

section is used in the current work to convert C2H5O2 absorption time profiles into concentration 

time profiles.  

To assure that the decays measured at the peak wavelength of C2H5O2 are selective for this 195 

radical, it is not possible to measure, as for HO2, decays at a wavelength where C2H5O2 does not 

absorb, as the transition is too broad. Therefore, kinetic decays have been measured at several 

different wavelengths that are accessible with our DFB laser: in the case of an underlying 

absorption of another species, for example a reaction product, one can expect that the shape of 

the absorption spectrum for any other species would be different from the shape of the spectrum 200 



of C2H5O2. Indeed, it has been shown
33

 that the absorption cross section of C2H5O2 varies over a 

factor of 5 in the range between 7596 and 7630 cm
-1

 and an underlaying absorption of another 

species with a less or differently varying spectrum should lead to different shapes of kinetic 

decays at different wavelengths: the influence of the co-absorbing species on the shape of the 

decay should be highest at wavelengths where the C2H5O2 absorption is lowest. In Figure 2 are 205 

shown examples of five decays measured at wavelengths between the peak (open red dots) and 

the wavelength with the lowest C2H5O2 cross section (black dots), all obtained under the same 

conditions following the 351 nm photolysis of Cl2 / C2H6 mixtures. A very high initial radical 

concentration has deliberately been used to force formation of high concentrations of reaction 

products. Even under these conditions no change in the shape of the decays can be observed for 210 

the different wavelengths, and therefore we conclude that measurements at 7596.47 cm
-1

 are 

selective measurements of C2H5O2 in this reaction system.  
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Figure 2: Examples of C2H5O2 decays following the 351 nm photolysis [Cl2] = 3×10

16
 cm

-3
 in 

presence of [C2H6] = 2.6×10
16

 cm
-3

, obtained at 5 different wavelengths: the absorption cross 215 

section of C2H5O2 (given in the legend of the figure) varies over a factor of 5 for the different 

wavelengths 

 
 

 220 

Rate constant of the reaction of C2H5O2 with HO2 

As explained in the introduction, the reaction of HO2 with C2H5O2 (R2) plays a major role during 

the self-reaction of C2H5O2 and knowing its rate constant is therefore essential for extracting the 

branching ratio of (R1). Despite several measurements
4-5, 11, 15-18

, there was no good agreement 



for this rate constant, and even the two most recent and considered being the most reliable 225 

determinations varied by about a factor of 1.5 (8.14×10
-12

 cm
-3

s
-1

 for Boyd et al.
17

 from UV 

absorption and 5.57×10
-12

 cm
-3

s
-1 

for Noell et al.
5
 from UV / near IR absorption), with the IUPAC 

recommended value being the average of both rate constants (6.9×10
-12

 cm
-3

s
-1

). For this reason, 

we have recently determined this rate constant again
33

, and have found with k2 = 6.2×10
-12

 cm
-3

s
-1 

a rate constant that rather confirms the lower value such as obtained by Noell et al. This rate 230 

constant is used in this work for the evaluation of the experimental data on the self-reaction of 

C2H5O2. 

 

Rate constant of the reaction of C2H5O2 with C2H5O 

In the work of Noell et al.
5
 it turned out, that the reaction of C2H5O2 with C2H5O (R9) played 235 

some role under their conditions, and in experiments using different O2 concentrations they 

extracted a fast rate constant of k9 = 1.5×10
-11

 cm
-3

s
-1

 for this reaction. Even though experiments 

in this work were carried out in 100 Torr O2 (compared to 50 Torr O2 in Noell et al.) making 

(R5) very rapid (k5’  24.000 s
-1

) and thus the stationary concentration of C2H5O very low, it 

turned out during data evaluation of the self-reaction experiments, that (R9) would still have a 240 

small impact on the HO2 profiles (decreasing HO2 with increasing initial radical concentration) 

when using the fast rate constant from Noell et al.
5
 For this reason, we have carried out some 

experiments with low O2 concentration in order to re-determine k9 under our conditions. In 

Figure 3 are shown experiments using 4 different initial Cl-concentrations: in the left graph are 

shown experiments carried out under low O2 (90 Torr N2 and 10 Torr O2: [O2] ~ 3×10
17

 cm
-3

), 245 

experiments in the right graph were carried out under high O2 (100 Torr O2: [O2] ~ 3×10
18

 cm
-3

). 

It can be seen that the C2H5O2 profiles (lower graphs) are very similar between the two 

conditions, however the HO2 profiles (upper graphs) present strong differences:  

- the HO2 concentrations just after the photolysis pulse are higher in the case of 100 Torr 

O2 compared to 90 Torr N2 / 10 Torr O2. This is in line with the hypotheses that this initial 250 

HO2 is formed in collision between hot C2H5 and O2: with increasing N2 and decreasing 

O2, collisions with N2 will cool down excited C2H5 and (R8b) will get less important.  

- HO2 signals initially rise in the case of high O2 while they decay from the beginning in 

the case of low O2. At high O2, HO2 formation from the reaction sequence (R1 / R5) is 

initially faster (due to the fast conversion of C2H5O (k5’ = 24.000 s
-1

)) than its 255 

consumption through (R2), until after 2-3 ms steady-state is reached and HO2 decays at 



the same pace as C2H5O2. Under low O2, conversion of C2H5O into HO2 (R5) is 10 times 

slower and the reaction with C2H5O2 becomes competitive for C2H5O, the formation of 

HO2 through the reaction sequence (R1 / R5) is slower than (R2).  

An initial model using the rate constant for (R9) such as recommended by Noell et al. (k9 = 260 

1.5×10
-11

 cm
-3

s
-1

) did not allow to reproduce the HO2 profiles under low O2 condition: using this 

rate constant, the modelled HO2 profiles decreased much faster than the experimental profiles 

(dashed lines in the upper graph of Figure 3). The HO2 profiles were best reproduced when using 

a rate constant of k9 = 7×10
-12

 cm
-3

s
-1

, nearly 2 times slower (full lines in the upper graphs of 

Figure 3). The rising profiles in the upper graphs of Figure 3 show the product of the reaction of 265 

C2H5O2 + C2H5O: the right y-axis applies, and it should be noted that the axis ends at 3×10
13

 

cm
-3

, to be compared with the left scale for the HO2 profile which ends at 2×10
12

 cm
-3

. It can be 

seen that even with the lower rate constant, this reaction plays some role, especially under low O2 

conditions. Ignoring this reaction does not allow reproducing our HO2 profiles under low O2 

neither: the modelled profile without (R9) is shown as the dashed-dotted line, only for the highest 270 

radical concentration.  
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Figure 3: Experiments for determination of the rate constant between C2H5O2 and C2H5O: upper 

graphs show HO2 profiles, lower graphs show simultaneously measured C2H5O2 profiles. Left 

graphs: 90 Torr N2 / 10 Torr O2, right graphs: 100 Torr O2. Initial Cl-concentration was 2.26, 275 



2.08, 1.85 and 1.6×10
14

 cm
-3

 for the experiments marked with black, red, green and blue dots, 

respectively. Full lines: model with k9 = 7×10
-12

 cm
3
s

-1
, dotted coloured lines k9 = 1.5×10

-11
 

cm
3
s

-1
, dashed-dotted black line k9 = 0, for highest radical concentration only. Rising profiles in 

the upper graph show the product of (R9: C2H5O2 + C2H5O) right y-axis applies.  

 280 

Not many detail are given in the earlier work of Noell et al. on how the rate constant was 

determined, therefore it is difficult to understand the differences and no good explanation can be 

given for the disagreement of our results with the result from Noell et al.
5
. From these 

experiments we have chosen to use k9 = 7×10
-12

 cm
-3

s
-1

 for the evaluation of the C2H5O2 

self-reaction experiments. It should however be noted that this reaction has a smaller impact on 285 

the retrieved rate constant and branching ratio of the self-reaction experiments due to the 2 times 

higher O2 concentration used in our experiments, compared to Noell et al.  

 

Rate constant and branching ratio of the self-reaction of C2H5O2 

The rate constant of the self-reaction of C2H5O2 has been measured in this work by following 290 

simultaneously C2H5O2 and HO2. Figure 4 shows an example of profiles obtained from the 

photolysis of varying concentrations of Cl2 in presence of [C2H6] = 2×10
16

 cm
-3

 and [O2] = 

3×10
18

 cm
-3

. The HO2 profiles do not start at zero just after the laser pulse: this is due to (R8b), 

leading to the formation of around 1% or less of HO2 next to the major product C2H5O2 in the 

reaction of C2H5 + O2. This has already been observed in earlier works
5, 37

.  295 
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Figure 4: C2H5O2 (left graph) and HO2 (right graph) profiles obtained from the 351 nm 

photolysis of [Cl2] = 0.6, 1.3, 1.9, 2.5, and 3 ×10
16

 cm
-3

, from bottom to top (for clarity, green 300 

and purple HO2 data are not shown). Full lines model from Table 1, dotted lines model using 

values from Noell et al., dashed lines model with IUPAC recommended values for k1a and k1b 

(see Table 2). 

 



High C2H6 concentrations (2-3×10
16

 cm
-3

) have always been used in order to minimize the impact 305 

of the fast reaction of Cl-atoms with C2H5O2. Also, most experiments have been carried out at 

100 Torr O2 in order to make (R5) as fast as possible and minimize the impact of (R9) (see above 

paragraph). The rate constant k1 and the branching fraction  have then been extracted by fitting 

both HO2 and C2H5O2 profiles simultaneously for an entire series of experiments with varying 

Cl-concentrations. In the example in Figure 4, the initial radical concentration has been changed 310 

by around a factor of 6, making the reactivity of C2H5O2 varying on our typical time scale of 20 

ms from near stable for the lowest concentration (black symbols) to a loss of more than 50% of 

C2H5O2 for the highest concentration (red symbols). The loss due to diffusion is nearly negligible 

in this time window as can be seen from the black line. The rate constant k8b, i.e. the fraction of 

C2H5 radicals that leads in the reaction with O2 to direct formation of HO2 radicals, has been 315 

adjusted such as to best reproduce the non-zero HO2 concentration immediately after the 

photolysis pulse. This fraction was always around 1%, in good agreement with earlier findings.  

 

Table 1: Reaction mechanism used to fit all experiments in this work 

 Reaction k / cm
3
s

-1
 Reference 

1a 2 C2H5O2 → 2 C2H5O + O2 3.2 × 10
-14

 This work 

1b 2 C2H5O2 → C2H5OH + CH3CHO + O2 7.0 × 10
-14

 This work 

2 C2H5O2 + HO2 → C2H5OOH + O2 6.2 × 10
-12

 Ref
33

 

5 C2H5O + O2 → CH3CHO + HO2 8 × 10
-15

 Ref
38

 

7 Cl + C2H6 → C2H5 + HCl 5.9 × 10
-11

 Ref
22

 

8a C2H5 + O2 + M → C2H5O2 + M 4.8 × 10
-12

 Ref
39

 

8b C2H5 + O2 → C2H4 + HO2  3-4× 10
-14

 This work 

9 C2H5O2 + C2H5O → products 7 × 10
-12

 This work 

10 2 HO2 → H2O2 + O2 1.7 × 10
-12

 Ref 
40

 

11 C2H5O + HO2 → products 1 × 10
-10

 Ref 
41

 

12 C2H5O2 → diffusion 2 s
-1

 This work 

13 HO2 → diffusion 3 s
-1

 This work 

 320 

The full lines in Figure 4 show the result of the model such as given in Table 1. Both radical 

profiles are very well reproduced over the full range of initial radical concentrations. Figure 4 

also includes the results of two other models with the rate constants of (R1), (R2) and (R9) varied 

to match either the results from Noell et al.
5
, (dotted lines) or the current IUPAC 



recommendations
22 

(dashed lines): the rate constants used for these models are summarized in 325 

Table 2.  

 

Table 2: Values used for models in Figure 4, all rate constants are in units cm
3
 s

-1
. 

 Reaction This work Noell et al. 
5
 IUPAC

22
 

1a 2 C2H5O2 → 2 C2H5O + O2 3.2 × 10
-14

 3.33 × 10
-14

 4.79 × 10
-14

 

1b 2 C2H5O2 → C2H5OH + CH3CHO 

+O2 

7.0 × 10
-14

 8.57 × 10
-14

 2.81 × 10
-14

 

1 k / 10
-13

 cm
3
s

-1
 1.0±0.2* 1.19±0.04 0.76±0.4 

1 kobs / 10
-13

 cm
3
s

-1
 1.34 1.52 1.24 

1  0.31±0.06* 0.28±0.06 0.63 

2 C2H5O2 + HO2 → C2H5OOH + O2 (6.2±1.5)×10
-12

 (5.6±0.4)×10
-12

 6.9 × 10
-12

 

10 C2H5O2 + C2H5O → products (7±1.5)* × 10
-12

 (15±7) × 10
-12

 - 

*Error bars of 20% are estimated, mostly due to uncertainties in the absolute absorption cross 

sections of HO2 and C2H5O2 330 

Using the IUPAC recommended values
22

, the deviation of the model from our C2H5O2 

measurements is very minor (the model decays too slowly), however the disagreement of the 

model with our HO2 profiles is huge: the model predicts too much HO2, far beyond any 

experimental uncertainty. This is due to the much higher radical yield in (R1), which is not 

counterbalanced by the overall slower rate constant k1 or the faster rate constant of (R2). The 335 

agreement with the model using the rate constants from Noell et al. 
5
 is very good for the HO2 

profiles (the model slightly overpredicts the HO2 concentration by around 10%, within the 

experimental uncertainty) , but for C2H5O2 the model predicts too fast decays, especially at 

longer reaction times. This slight disagreement is due to a combination of different rate constants 

used in both models for the three major radical-radical reactions: the higher rate constant of (R9), 340 

a lower rate constant of (R2) and a slightly faster (R1) with a lower radical yield from the work of 

Noell et al. Again, this slight disagreement is within the experimental uncertainty, especially 

given that several radical-radical reactions are involved, and therefore, even though the 

agreement of our measurements with the data from Noell et al.
5
 is not perfect, it confirms their 

finding of an overall faster rate constant for (R1) together with a lower branching ratio for the 345 

radical channel, compared to current recommendations. 

An extensive discussion on the comparison with earlier determination of the rate constant and 



branching ratio for (R1), together with possible reasons for the important disagreement for the 

branching ratio, obtained by either end-product analysis or by direct detection of HO2, has been 

given by Noell et al. and will not be repeated here.  350 

 
 
CONCLUSION  

The rate constant and branching ratio of the self-reaction of C2H5O2 radicals has been measured 

using a selective cw-CRDS detection of HO2 and C2H5O2 in the Ã-   electronic transition located 355 

in the near-IR region. Large discrepancy existed for the rate constant and branching ratio of this 

reaction: a high C2H5O radical yield was generally admitted, based on stable end product 

measurements of experiments carried out in the 1990’s
4-14

, while a more recent work using 

selective detection of HO2 radicals found the radical channel to be the minor one
5
. In this work 

we have also directly measured the radical yield and confirmed that it should take a low value ( 360 

= 0.31±0.06), together with a faster overall rate constant (k1 = (1.0±0.2) × 10
-13

 cm
3
 s

-1
). This is 

therefore the second report of a low radical yield, based on direct measurement of radicals rather 

than end-products. Therefore, it is proposed that the IUPAC committee should revise their 

recommendation and that these lower branching fraction and faster rate constant are implemented 

in atmospheric chemical models. Because the reaction of C2H5O2 with the alkoxy radical C2H5O 365 

plays some role under our experimental conditions, presently its rate constant has also been 

measured and found to be k9 = (7±1.5) × 10
-12

 cm
3
 s

-1
. 
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