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S1. Comments on the initiation step 

Different mechanisms have been proposed in literature for the autoxidation process of 

DEE. In particular the initiation step has been the object of a lot of experimental and 

theoretical studies. Clover1, for instance, in his experimental work, has assumed that 

the initiator of the process is the molecular oxygen which gets into a C-H bond of one 

methylene group to produce the CH3CH2OCH(OOH)CH3 hydroperoxide (a). 

  CH3CH2OCH2CH3 + O2 → CH3CH OOH( )OCH2CH3    (a) 

In the same years, Wieland and Wingler2 have postulated that the DEE autoxidation 

process begins with dehydration (b) of the ether to vinyl ethers with formation of 

hydrogen peroxide. Some others studies in literature have also proposed that, in a 

different way, the molecular oxygen is the initiator of the process3, 4 (c). It has also 

been suggested that O2 abstracts an hydrogen atom from a methylene group of solvent 

to produce the radicals 3 2 3CH CH OCHCH
 
and .HO2 . Lemay3 in particular has suggested 

that the radical   .HO2  can also act as initiator (d). More recently, as already done in 

numerous experimental works concerning the kinetics of ethers decomposition in 

atmosphere5, 6, Galano and co.7 have investigated, at DFT theoretical level, the 

initiation of the decomposition process of a series of aliphatic ethers. They have 

proposed like Andersen8 for dimethyl ether, that the initiator of the atmospherical 

ethers autoxidation process is the hydroxyl radical (e).  CH3CH2OCH2CH3 + O2 → CH3CH2OCH = CH2 + H2O2             (b) 

3 2 2 3 2 3 2 3 2CH CH OCH CH + O CH CH OCHCH + HO→  
 
               (c) 

3 2 2 3 2 3 2 3 2 2CH CH OCH CH + HO CH CH OCHCH + H O→ 
 
               (d)

 

3 2 2 3 3 2 3 2CH CH OCH CH OH CH CHOCH CH H O+ → +.                     (e) 

DFT calculations on the four reactions (b-e) described above, have given the results 

depicted in figure S3. It seems evident that OH radical is the most efficient among the 

initiators of the chain process explored (e reaction is exothermic and barrier less). The 

three other reactions are in fact all endothermic (from 4.5 kcal/mol (b) to 

43.0 kcal/mol (c)) or present prohibitive activation energies (48.5 kcal/mol for 

reaction c and 43.6 kcal/mol for reaction b) or both. 
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Figure S1. Comparison between gas phase and solvent energetic profiles for the first 

step of one of the dimerization pathways. For each stationary point is noted the 

calculated ΔΔE = ΔEgas phase-ΔEsolvent. 
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Figure S2. Sketch of oxidation mechanism concerning DEE radical at terminal 

carbon (path b) with energies (ΔH in kcal/mol) relative to the initiation step.  
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Figure S3. Comparison between the different initiation reactions (see paragraph S1 

for labelling). 
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Figure S4. View of optimized structures of the most important minima involved in 

autoxidation of DEE.  
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Figure S5. View of optimized structures of the most important transition states 

involved in autoxidation of DEE: path a.  
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Transition states and minima involved in 3a isomerization 
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Transition states and minima involved in 11a decomposition reactions 
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Transition states and minima involved in aOOH decomposition reactions 
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Figure S6. Relative enthalpies of 3b dimerization reactions I (purple) and II (orange). 
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Figure S7. View of optimized structures of the most important transition states 

involved in autoxidation of DEE: path b.  
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Transition state involved in bOOH production 
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