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Introduction

 Liquid water is Earth’s largest surface reservoir of hydrogen. Using water directly as a source of hydrogen atoms and molecules is essential for 

ecosystem development and industrial progress.

 Oil-water mixtures from spills cause significant environmental harm and CO₂ emissions, highlighting the urgent need for eco-friendly solutions to 

degrade or repurpose these mixtures toward net-zero carbon goals.

 Water is highly resistant to redox reactions due to the high thermodynamic potential (1.23 V) needed to split it into H₂ and O₂, making it 

challenging to utilize as a source of hydrogen.

 In contrast to bulk water, microdroplets have been shown in numerous studies to generate a strong electric field at their interface, sufficient to 

spontaneously ionize OH⁻ ions and release free electrons.

 Conversion processes include the fixation of N₂ into ammonia and urea, CO₂ fixation via the reverse tricarboxylic acid cycle, and the production of 

formic acid from CO₂ require selective hydrogenation.

 This study found that ultrasonic spraying an oil-water mixture induces contact electrification, enabling electron extraction from microdroplets and 

producing approximately 13 times more charge carriers than ultrapure water spray.

 The increased charge separation boosts hydrogen evolution from water spray by about 16-fold, a capacity that selectively hydrogenates CO₂ to 

produce CO and other products.
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Why this paper?

 This study examines both the spray and cavitation processes, revealing how oil mediates 
electron extraction from water microdroplets in sprayed system markedly increase the 
hydrogenation reaction and not vice-versa.

 The study discusses sustainable method for converting CO₂ to selectively produce CO, aiming to 
reduce atmospheric carbon dioxide levels.
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Fig. 1 Sprayed hexadecane–water microdroplets and vapor phase. 
(a) Experimental setup. 
(b) Charge measurements of microdroplets and the vapor phase.
(c) Measured electric charge density of microdroplets with additives.

Results and Discussion
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Results and Discussion

Fig. S1 Photographs of the experimental set-up a) before 
and b) during producing  microdroplets.

Fig. S2 Fluorescence images of hexadecane-SDS-water droplets showing the  stable accumulation of oil on the surface of 
water droplets. Scale bars, 10 μm.
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Fig. 2 Observation of radicals formed in an ultrasonic spray (2.4 MHz and 24 W Ultrasonic frequency and power respectively) 
as detected by EPR spectroscopy in (a) microdroplets and the (b) vapor phase. (c) Schematic diagram of the mechanism for radical 
formation.

Results and Discussion
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Fig. 3 Evolution of H2. 
(a) Time courses of the H2 product generated by water spray and by water cavitation. 
(b) Comparison of a spray-sourced H2 product generated from water in spraying a hexadecane–water solution, a hexadecane–SDS–water solution, 
and ultrapure water. 
(c) Relationship between charge separation of microdroplets and spray-sourced H2 evolution reactivity. 

Results and Discussion
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Fig. 4 CO2 hydrogenation reaction in oil–water systems. 
(a) Schematic overview of in situ utilization of electrons and reactive hydrogen species 
for CO2 hydrogenation. 
Time courses of CO2 hydrogenation in an
(b) Ultrapure water system (70 mL H2O), 
(c) hexadecane–water system (70 mL H2O and 0.05 mL hexadecane), 
(d) soybean oil–water system (70 mL H2O and 0.05 mL soybean oil), and 
(e) soybean oil–water system (70 mL H2O and 0.5 mL soybean oil).

Results and Discussion
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Results and Discussion

Fig. S3 Time courses of H2 product generated from hexadecane-water system.  
Reaction conditions: 85 mL H2O, 0.5 mL hexadecane, 2.4 MHz of ultrasonic  
frequency and 24 W of ultrasonic power, room temperature, 1 atm Ar. 
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Fig. S4 Hydrogen formation at varying oil-to-water ratios. Reaction conditions: a) 8 mL hexadecane in a sealed glass 
bottle, b) 6 mL hexadecane and 2 mL water in a sealed glass bottle, c) 0.5 mL hexadecane and 85 mL water in a 
sealed quartz reactor. 2.4 MHz of ultrasonic frequency and 24 W of ultrasonic power. The 20 mL glass bottle was 
placed at 1 cm above the ceramic disc of the ultrasonic transducer, which was immersed in a water bath.

Results and Discussion
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Results and Discussion

Fig. S5 GC spectrum of C1 products from sprayed hexadecane-
water system. Reaction conditions: 70 mL H2O, 0.05 mL 
hexadecane, a total of 50 mL CO2 was added, 2.4 MHz of ultrasonic 
frequency and 24 W of ultrasonic power, room temperature, 1 atm 
Ar, 76 h.

Fig. S6 GC spectrum of H2 product from sprayed 
hexadecane-water system. Reaction conditions: 70 mL 
H2O, 0.05 mL hexadecane, 2 mL He, a total of 50 mL 
CO2 was added, 2.4 MHz of ultrasonic frequency and 
24 W of ultrasonic power, room temperature, 1 atm Ar, 
76 h.
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Conclusions

 In summary, these results reveal a mechanism that explains spray hydrogenation reactions 

that require charge separation.

 The charge separation of aqueous microdroplets was significantly enhanced due to the oil-

mediated extraction of electrons from sprayed microdroplets.

 The reductive hydrogen species could further lead to an in situ CO2 hydrogenation process run 

at normal temperature for selective CO formation using water as the hydrogen source.

 It extends the understanding of the interface of air-water in driving and accelerating chemistry.
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-THANK YOU
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