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1. EDS analysis of the emulsifiers 

 

Figure S1. EDS spectra and C, O, Si, S element contents of the silica based nanoparticles: (a) SiO2, 

(b) C1-SiO2-C1, (c) C8-SiO2, (d) C8-SiO2-SO3H, (e) C18-SiO2-SO3H. 
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2. Contact angle analysis 

 

Figure S2. Contact angles of unmodified silica (a), C1-SiO2-C1 (b), C8-SiO2 (c), C8-SiO2-SO3H (d), 

and C18-SiO2-SO3H (e). 
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3. Macro and micro analysis of the emulsions fabricated by different emulsifiers 

 

Figure S3. Photos of the emulsions constructed by (a) C1-SiO2-C1, (b) C8-SiO2, (c) C8-SiO2-SO3H 

and (d) C18-SiO2-SO3H; Micrographs and droplet size distributions of the emulsions constructed by 

C1-SiO2-C1 (e1 and e2), C8-SiO2-SO3H (f1 and f2), C18-SiO2-SO3H (g1 and g2); Scale bar: 200 μm. 

Note: the ionic liquid content was 20% based on the mass of the aqueous phase.   
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4. Stability of the functionalized silica in IL/H2SO4 

 

Figure S4. FTIR spectra of SiO2 and modified silica nanoparticles. Note: “a” represents the spectra 

of the freshly modified silica and “b” represents the spectra of the recovered modified silica after 

the emulsion was constructed.   
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5. Photos of the emulsions containing ionic liquid of various concentrations 

 

Figure S5. Photos of the emulsions constructed by C8-SiO2-SO3H with the ionic liquid 

concentrations in the acid phase of: (a) 0%, (b) 10%, (c) 20%, (d) 40%, (e) 60%; Photos of the 

emulsions constructed by C18-SiO2-SO3H with the ionic liquid concentrations in the acid phase of: 

(f) 0%, (g) 10%, (h) 20%, (i) 40%, (j) 60%.  
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6. Effect of ionic liquid concentration on emulsion droplet size 

 

Figure S6. Micrographs of the emulsions constructed by C8-SiO2-SO3H using different 

concentrations of IL in the acid phase: (a) 0%, (b) 10%, (c) 20%, (d) 40%, (e) 60%; Micrographs of 

the emulsions constructed by C18-SiO2-SO3H with various IL concentrations: (f) 0%, (g) 10%, (h) 

20%, (i) 40%, (j) 60%. Note: Due to the low refractive index in the system containing no IL, the 

droplet profile can only be observed by adding methyl orange (a and f). Scale bar: 200 μm. 
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7. Photos of the emulsions stored for different time intervals 

 

Figure S7. Emulsions constructed by 2% C8-SiO2-SO3H stored for different time intervals: (a) 0 h, 

(b) 5 h, (c) 15 h, (d) 24 h, (e) 48 h, (f) 72 h; Emulsions constructed by 2% C18-SiO2-SO3H stored 

for different time intervals: (g) 0 h, (h) 5 h, (i) 15 h, (j) 24 h, (k) 48 h, (l) 72 h. 
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8. Photos of the emulsions stored at different temperatures 

 

Figure S8. Emulsions constructed by 2% C8-SiO2-SO3H at different temperatures: (a) 30 °C, (b) 

50 °C, (c) 60 °C, (d) 70 °C, (e) 80 °C; Emulsions constructed by 2% C18-SiO2-SO3H at different 

temperatures: (f) 30 °C, (g) 50 °C, (h) 60 °C, (i) 70 °C, (j) 80 °C. 
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9. Effect of centrifugation speed on the emulsion volume 

 

Figure S9. Emulsion volume at different centrifugal speeds for systems fabricated by C8- and C18-

SiO2-SO3H. Mass percentage of C8-SiO2-SO3H: (a) 1%, (b) 2%, (c) 4%; Mass percentage of C18-

SiO2-SO3H: (d) 1%, (e) 2%, (f) 4%. 
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10. GC analysis of oligomerization products 

 

Figure S10. Typical GC chromatogram of reaction product in isobutene oligomerization. Reaction 

temperature: 40 °C, time: 60 min, pressure: 1.6 MPa, catalyst: IL/H2SO4/C8-SiO2-SO3H. 
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11. Effect of IL concentration on production distribution 

 

Figure S11. Product distribution (wt%) as a function of IL concentration for isobutene 

oligomerization catalyzed by ionic liquid/sulfuric acid in the absence/presence of C8-SiO2-SO3H 

(reaction temperature: 40 °C, reaction time: 60 min, pressure: 1.6 MPa). 
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12. Effect of reaction temperature/time on isobutene conversion 

 

Figure S12. (a) Isobutene conversion as a function of temperature catalyzed by 60 wt% ionic 

liquid/sulfuric acid in the absence/presence of C8-SiO2-SO3H (reaction time: 60 min, pressure: 1.6 

MPa); (b) Isobutene conversion as a function of reaction time for isobutene oligomerization by 60 

wt% ionic liquid/sulfuric acid in the absence/presence of C8-SiO2-SO3H (temperature: 40 °C, 

pressure: 1.6 MPa). 


