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Mechanism of the decomposition of methylene blue

The radicals and intermediates such as *OH and O:* (as mentioned in the introduction) play an important

role in the photolysis mechanism of organic compounds. According to Feng et al, [1] the *OH radical is the

main oxidizing agent for the decomposition of methylene blue and other intermediates. Since methylene

blue is a cationic dye, it is unable to donor electron. The initiation stage is the broken of C-5=C bond of

methylene blue:

R-S*=R' + *OH — R-S(=O)-R + H* —(1)

The second *OH radical continuously attacks the sulfoxide radical to form sulfone compound, dividing 2

benzene rings by reactions (2) and (3):

NH2-CsH3(R)-S(=0)-CsH4-R + *OH — NH2-CsH3(R)-SO2 + CsHs-R --(2)
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Or NH2-CsH3(R)-S(=0)-CsHa-R + *OH — NH2-CeHi-R +SO»CsHe-R ~ —(3)

After formed, the sulfone compound instantly reacts with the third *OH radical to generate sulfonic acid:

SO2-C¢Hs-R + *OH — R-CsHs-SOsH ---(4)

Finally, the fourth *OH radical will attack sulfonic acid to release sulfate ion:

R-CeHs-SOsH + *OH — R-C¢H3+ SO~ + 2H~* -—--(5)

Besides, the *OH radical can replace the amine group in the methylene blue molecule to create phenol and

let out NH; radical:

R-CéHs+-NH2 + *OH — R-CsHs+-OH +NH; --(6)
NH; +H* — NHs ---(7)
NHs+H* -  NH# ---(8)

The two symmetric dimethyl-phenyl-amino groups of methylene blue are attacked by *OH radical,
generating ancol, aldehyde, the acid in order. Finally, the leaving carboxyl group is oxidized to form CO2

according to the Kolbe photo reaction [1].
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Figure S1. SEM micrograph of the nano-ZnQO particles at different magnifications.
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