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Fig. S1 Schematic diagram of converting 4 types of waste surfactants into value-added products 
and their collection and analysis.
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Fig. S2 GC-MS spectra from different waste surfactants under interfacial photochemistry.
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Fig. S3 UV-vis spectra of different pure surfactants.
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Fig. S4 ESR spectra of DMPO-OH obtained from (a) nonanol and (b) nonyl amine under 

interfacial photoirradiation.
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Fig. S5 The mechanism and pathway of the formation of nonanal from (a) nonanol and (b) nonyl 

amine under interfacial photoirradiation.
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Fig. S6 The peaks of gaseous products from different surfactants upon different photoirradiation 
time: (a) nonanol; (b) nonanal; (c) NA; (d) nonyl amine.
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Fig. S7 Nonanal, NA and nonyl amine solutions before (0 h) and after photoirradiation (6 h)
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Fig. S8 (a) Comparison of total gas production (/mM) and (b) solid FNs-containing solutions 

obtained from mixed system and individual system after interfacial photoirradiation.

Surprisingly, Fig.S8b that the conversion tendency of solid fluorescent nanoparticles (FNs) in the 
mixed system is strengthened. This is because the darker yellow color of mixed system under room 
light compared to the individual system indicating its high concentration of FNs. Under 365-nm UV 
light, the FNs-containing solution from mixed system displayed a significant fluorescence 
quenching effect, while the FNs-containing from nonyl amine alone did not, further supporting the 
production of higher concentrations of FNs in the mixed system.1 The above results indicate that 
mixing different types of surfactants together can synergistically significantly enhance their 
conversion to solid-phase FNs. The mechanism of synergistic enhancement for FNs production in 
the mixed system would be investigated in the future. 
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Fig. S9 Comparison of the Henry's constant of gaseous products with their precursors.
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Fig. S10 Effect of humic acid on the (a) yield and (b) distribution and of gas products.
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Fig. S11 The conversion of nonanal to NA upon photoirradiation for 5h.
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Fig. S12 Changes of pH value of different surfactant system with respect to time.
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Fig. S13 The morphological distribution of NA (a) and Nonyl amine (b) at different pH.
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Fig. S14 Comparison of first vertical exited energies between neutral NA and NA anion, neutral 
nonyl amine and nonyl amine cation.
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Fig. S15 Optimized ground state (S0), singlet (S1) and triplet (T1) structures of various surfactants.
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Table S1 Energies for reactants and products calculated at M062X/def2TZVP level.
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Table S2 Calculated reaction energies at M062X/def2TZVP level.
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Table S3 Cost estimation for the process of converting 1 ton of NA wastewater into high value-added products

Note: energy cost was calculated based on the electricity (0.1085$/kWh)9 and reagent cost was calculated based on the market price and literatures.

Methods

NA 
concentration

in water
(mM)

Product parameter
(C7-LAO)

Key reagent and unit price
Reagent 

cost
($/m3)

Energy 
cost

($/m3)

Operating 
cost

($/m3)
Ref.

Chemical 
heterogeneous 

catalysis
0.05-22-4 Selectivity: 45-80%

Conversion rate: 0.7-11.1%

Catalyst: Pt/C (40-45 $/g)
Norit activated carbon 

(450 $/ton)
N2 (4.7-4.8 $/m3)

115.7-
214.3

1028.5-
1285.7

1144.3-
1500 5

Chemical 
homogeneous 

catalysis
0.05-22-4 Selectivity: 84-91%

Conversion rate: 59-78%

Catalyst: Pt (40-45 $/g)
γ-valerolactone 

(3805-3880) $/ton

1628.6-
1691.4

30-40
1658.6-
1731.5

6

Enzymatic 
catalysis

0.05-22-4 Product yield: 40-70% NADPH: 21500 $/mol >9890 >9890 7, 8

Gas-water 
interfacial 

photoirradiation
0.05-22-4 Selectivity: 87%-91%

Conversion rate: 60-99%
800-

511.14
800-

511.14
Our work
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