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Abstract: Pickering emulsions have demonstrated remarkable potential as a 
platform for interfacial catalysis. However, the development of simple and efficient 
strategies to accomplish the objectives of product separation, catalyst recovery, and 
emulsifier reuse remains an ongoing challenge. In this work, a class of light-
responsive Pickering emulsions comprising a spiropyran-based ionic liquid 
surfactant (SPIL), amino-functionalized SiO2 (SM-NH2), toluene, and water was 
demonstrated, wherein the transition between emulsification and demulsification is 
reversibly regulated by visible and UV light. Upon visible light irradiation, the SPIL 
isomerizes from hydrophilic open-ring (MC) to hydrophobic closed-ring (SP), this 
kind of property change enhances its adsorption onto SM-NH2, increases zeta 
potential of the system, and drives the SPIL toward the toluene phase, ultimately 
leading to demulsification. Conversely, UV light triggers the reverse isomerization, 
establishing new electrostatic equilibrium with SM-NH2 to form stable Pickering 
emulsions. This feature enables the Pickering emulsion to serve as a light-controlled 
interfacial catalytic microreactor for the hydrolysis of 4-nitrophenyl palmitate. 
Compared with an aqueous system, this system achieves a 10-fold increase in ester 
hydrolyze conversion efficiency. It facilitates product separation and allows for the 
simple recycling of both the emulsifier and the catalyst. 

 Keywords: pickering emulsion; light switchable; phase separation; reversible 
emulsification/demulsification; spiropyran 

1. Introduction 
Since their recognition over a century ago [1,2], Pickering emulsions, stabilized by colloidal particles with 

suitable wettability [3,4], have gained significant attention. Owing to their high stability and the provision of a 
large reaction interface, they have been increasingly employed in interfacial catalysis in recent years [5–7]. 
However, the very stability that makes Pickering emulsions attractive also poses challenges for post-reaction 
product separation [8,9]. To address this, the development of a simple and sustainable strategy enabling product 
separation and catalyst recycling, while preserving the interfacial catalytic function, is highly desirable [10]. Such 
a goal necessitates emulsifiers capable of modulating emulsion behavior on demand. Consequently, stimuli-
responsive Pickering emulsions, that can respond to environmental changes, have emerged as a topic of growing 
interest [11]. 

In recent years, significant efforts have been dedicated to the development of stimuli-responsive Pickering 
emulsions, leading to advancements in pH-[12,13], temperature-[14–16], CO2-[17–19], redox-[20,21] and light-[22–24] 
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stimulus to tune and control the microstructure and stability of Pickering emulsions. In generally, stimuli-
responsive Pickering emulsions can undergo on-demand demulsification or phase inversion, thereby facilitating 
efficient catalyst recovery. However, when simultaneous product separation, catalyst recovery, and emulsifier 
recycling are required, the stimulus response must be reversible to enable seamless switching between 
demulsification and re-emulsification processes, or between oil-in-water (O/W) and water-in-oil (W/O) emulsion 
types [23]. 

Among these triggers, light irradiation has clean and non-invasive characteristics, allowing for remote and 
precise delivery in both time and space [25–27]. The recent years have witnessed obvious advancements in the 
research of light-responsive Pickering emulsions. The functionalization of spiropyran nanoparticles was employed 
to create a light-triggered Pickering emulsion. Reversible phase inversion was achieved under near-infrared and 
visible light irradiation, enabling the utilization of the system for biphasic enantioselective biocatalysis [22]. 
Interestingly, the reversible phase inversion of the Pickering emulsion facilitated simultaneous product separation 
as well as catalyst and emulsifier recycling. Similarly, spiropyran modified hollow mesoporous silica nanosphere 
could form a light-switchable Pickering emulsion. Under UV light irradiation the stable system was demulsified, 
and it could be re-emulsified under further visible light irradiation [28]. Light-switchable O/W Pickering emulsions 
were constructed using a SPIL surfactant and UiO-66-NH2 [24]. The systems underwent reversible 
emulsification/demulsification under UV/visible light, enabling interfacial catalysis for Click reactions. This 
system reduces the activation energy from 33.6 to 8.5 kJ/mol and improves conversion by >50%, attributed to 
spiropyran isomerization that modulates surfactant adsorption and surface activity. The introduction of 
azobenzene-modified silica particle enables the formation of a light-responsive Pickering emulsion, wherein the 
application of either UV or blue light induces a reversible transition between water-in-oil droplets and separate 
water and oil phases [29]. Co-emulsification of light-switchable ionic liquid surfactants and silica microspheres 
stabilizes a light-responsive Pickering emulsion. Under alternating UV/visible light irradiation, this system 
underwent reversible emulsification and demulsification, enabling room-temperature hydrogenation of 
unsaturated hydrocarbons with simultaneous in situ separation of catalysts and products [23]. 

Silica (SiO2) is a cost-effective and readily synthesized material with broad applicability, ranging from catalyst 
supports and biomedical materials to drug delivery systems, coatings, and cosmetics [30–33]. Compared to other 
inorganic materials, SiO2 offers favorable biocompatibility, high mechanical stability, and strong corrosion resistance, 
making it a widely used emulsifier for Pickering emulsions [34]. Lipases are triacylglycerol acyl-hydrolases 
characterized by a wide operating temperature range, good pH tolerance, and high substrate specificity [35]. Their 
applications in pharmaceuticals, food, and chemicals are predominantly conducted in aqueous media, and most 
established catalytic mechanisms of lipases are based on aqueous-phase reactions [36]. Typically, lipases catalyze 
the hydrolysis of lipids to produce alcohols or acids [37], however, many lipid substrates are poorly water-soluble, 
necessitating stirring, surfactants, or cosolvents to enhance solubility. Pickering emulsions overcome this 
limitation by increasing lipid solubility and providing an oil–water interface, where lipases become activated and 
their active sites are exposed, thereby significantly improving catalytic efficiency [38]. 

Leveraging the inherent affinity between the amino groups on functionalized SiO2 (SM-NH2) and lipase, 
which is driven by the structural features of the enzyme, in this work, the photo-responsive SPILs 
([C4SPDMEA]Br, [C6SPDMEA]Br or [C8SPDMEA]Br, see the structure in Figure 1a) with SM-NH2 were co-
assembled to form stable Pickering emulsions. The system acts as the microreactor for lipase-catalyzed lipid 
hydrolysis, and the oil–water interface enhances the catalytic efficiency. Compared with the blank experiment, the 
conversion efficiency of lipid hydrolysis in the Pickering emulsion system is 10 times higher. The system can be 
reversibly switched between emulsification and demulsification by alternating visible and UV light irradiation 
(Figure 1b). Therefore, it enables the separation of products and the recycling of both the emulsifier and the catalyst. 
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Figure 1. (a) Chemical structure of SPILs; (b) Photograph depicting the light-induced reversible phase separation 
of a Pickering emulsion containing SPIL and SM-NH2. 

2. Experimental Section 

2.1. Materials 

Tetraethyl orthosilicate (TEOS, 98%), 3-(2-aminoethylamino)propyltriethoxysilane (98%), 4-nitrophenyl 
palmitate (98%), and 4-nitrophenol (99.5%) were purchased from Shanghai Aladdin Scientific Company. Lipase 
(≥700 U/mg) was purchased from Sigma-Aldrich (St. Louis, MO, USA). The SPILs [CnSPDMEA]Br (n = 4, 6, 8) 
were synthesized according to the methodology described in our previous work [24]. All reagents were used 
directly unless specifically mentioned elsewhere. 

2.2. Synthesis of SM-NH2 

SiO2 microspheres were synthesized following a reported method [39]. Typically, 150 mL of ethanol, 37.5 mL 
of deionized water, and 8.4 mL of ammonium hydroxide were mixed under stirring at room temperature for 30 min 
to obtain a homogeneous solution. Subsequently, 6.24 g of TEOS was added to the above solution, and the mixture 
was stirred continuously for 12 h. The resulting product was collected by centrifugation, washed several times with 
deionized water, and dried under vacuum at 60 °C for 6 h to yield SiO2 microspheres (SM). 

For the preparation of amino-functionalized silica (SM-NH2), 0.5 g of the as-prepared SM was dispersed in 
5 mL of toluene under a nitrogen atmosphere. Then, 1.55 mmol of 3-(2-aminoethylamino)propyltriethoxysilane 
was added to the dispersion. The reaction mixture was first stirred at 90 °C for 2 h, followed by further reaction at 
110 °C for another 2 h. After the reaction, the solid was collected by centrifugation, washed several times with 
toluene, and dried in a vacuum oven at 60 °C for 6 h to obtain SM-NH2. The successful synthesis SM-NH2 was 
determined by X-ray photoelectron spectroscopy (XPS), and the results were shown in Figure S1. The binding 
energy at 399 eV corresponding the introduction of -NH2 on SiO2. 

2.3. Preparation and Characterization of Pickering Emulsions 

For a typical experiment, 1 mL of 1 × 10−4 mol/kg [C6SPDMEA]Br aqueous solution was placed into a screw-
cap vial. Subsequently, 1 mL of 0.5 wt.% SM-NH2 solution was added to the above system, followed by the 
addition of 3 mL of toluene. The mixture was homogenized using a homogenizer at 10,000 rpm for 1 min to obtain 
a Pickering emulsion. The stability of the emulsion was monitored under static conditions. Emulsions that 
remained stable without phase separation for one week were considered stable Pickering emulsions. The emulsion 
type was determined by the droplet method, and droplet sizes were observed and recorded using an optical 
microscope (DYP-990). 
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2.4. Phase Behavior Reversible Regulation of Pickering Emulsions 

The stable Pickering emulsion was irradiated with visible light (20 W, LED) at 25 °C for 10 min under stirring, 
leading to complete demulsification. Subsequently, the system was irradiated with a cold UV lamp (100 mW/cm2, 
365 nm) for 3 min, followed by re-homogenization. This resulted in re-emulsification and the formation of a stable 
Pickering emulsion again. The cyclability of the reversible phase behavior of the Pickering emulsion was evaluated 
by repeating the above procedures. 

2.5. Initial Enzymatic Reaction and Conversion Measurement 

Typically, 1 mL of enzyme aqueous solution (5 mg/mL), 1 mL of 4-nitrophenyl palmitate in toluene (3 mg/mL), 
1 mL of 1 × 10−4 mol/kg SPIL aqueous solution, 1 mL of SM-NH2 (0.5 wt.%), and 3 mL of toluene were added into 
a screw-cap vial. The mixture was homogenized using a homogenizer at 10,000 rpm for 1 min to obtain a stable 
Pickering emulsion, which was then placed at 38 °C for 8 h to allow the enzymatic reaction to proceed. After the 
reaction, the emulsion was completely demulsified by irradiation with visible light under stirring. The oil phase was 
collected to measure its absorbance, and the conversion of lipid hydrolysis was calculated. 

2.6. Recyclability Evaluation of the Pickering Emulsion-Based Catalytic System 

The recyclability of the catalytic performance was evaluated using the above system. Under fixed Pickering 
emulsion composition and enzymatic reaction conditions, after each reaction cycle, the system was irradiated with 
visible light to achieve complete demulsification. The enzyme catalyst and SM-NH2 precipitated in the aqueous phase, 
while the SPIL transferred to the oil phase. However, compared to the concentration of the unreacted lipid, the 
concentration of the SPIL was too low to affect the absorption peaks in the UV-Vis spectrum of the lipid. The oil 
phase was collected to measure its absorbance, and the lipid hydrolysis conversion was calculated. The precipitated 
enzyme catalyst and SM-NH2 were collected, and a certain amount of SPIL aqueous solution and the lipid solution 
in toluene were added. The mixture was homogenized again to reform the emulsion for the next enzymatic reaction 
cycle. The recyclability evaluation was repeated following the same procedures as described above. 

3. Results and Discussion 

3.1. Evaluation of the Ability to Form Pickering Emulsions 

In this work, [C4SPDMEA]Br, [C6SPDMEA]Br, and [C8SPDMEA]Br, were selected together with SM-NH2 
as co-emulsifiers to investigate the feasibility of forming Pickering emulsions in the SPIL/SM-NH2/toluene/water 
system. The effects of SPIL structure, SPIL concentration, and SM-NH2 dosage on the stability of the resulting 
Pickering emulsions were examined via orthogonal experiments. As shown in Tables S1–S3, SM-NH2 alone failed 
to form a stable Pickering emulsion in the absence of SPILs. Upon the addition of SPILs, stable Pickering 
emulsions were successfully obtained, indicating that the SPILs act as surfactants. For a given SPIL concentration, 
the stability of the Pickering emulsion increased with increasing mass concentration of SM-NH2. Similarly, for a 
fixed SM-NH2 dosage, stability of the emulsion increased with increasing SPIL concentration. For example, when 
the SM-NH2 dosage was fixed at 0.5 wt.%, the SPIL concentration required to obtain a stable Pickering emulsion 
decreased from 5 × 10−4 to 1 × 10−5 mol/kg as the alkyl chain length of the SPIL increased, demonstrating that a 
longer carbon chain reduces the required SPIL concentration. Conversely, when the SPIL concentration was fixed 
at 5 × 10−4 mol/kg, the required SM-NH2 concentration decreased from 0.4 wt.% to 0.2 wt.% with increasing SPIL 
alkyl chain length. Under constant concentrations of both SM-NH2 and SPIL, the minimum SPIL concentration 
needed to form a stable Pickering emulsion decreased with increasing carbon chain length, following the order: 
[C4SPDMEA]Br > [C6SPDMEA]Br > [C8SPDMEA]Br. These results indicate that extending the alkyl chain 
length of the SPIL facilitates the formation of stable Pickering emulsions. 

Representative photographs of the formed Pickering emulsions and optical microscopy images of the droplet 
sizes are shown in Figure 2. As illustrated in Figure 2a, at a fixed [C6SPDMEA]Br concentration of 1 × 10−4 mol/kg, 
an increase in the mass concentration of SM-NH2 led to a more compact droplet packing and enhanced stability of 
the Pickering emulsion. The droplet sizes of the stable emulsions ranged from 10 to 30 μm (Figure 2b). To understand 
the effect of carbon chain length and the contents of SM-NH2 on the average droplet diameter of the Pickering 
emulsions, the optical microscopy photos of the systems were recorded (Figure S2), and the average diameter of the 
droplets were analyzed. As shown in Figure S3, the average droplet diameter decreases with both longer SPIL alkyl 
chains and higher SM-NH2 concentrations. This result is consistent with the law of Pickering emulsion stability 
obtained above. Based on the above investigations, the type of Pickering emulsion was characterized using the droplet 
method. The stable emulsion droplets were separately placed in water and toluene. It was observed that the droplets 
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dispersed and ruptured in water, whereas they remained intact in toluene (Figure S4), indicating that the prepared 
Pickering emulsion is of the oil-in-water (O/W) type [40,41]. Moreover, to obtain evidence for the adsorption of SM-
NH2 at the oil–water interface, the microstructure of Pickering emulsion droplets after evaporation of water and 
toluene were examined using optical microscopy and SEM. As shown in Figure S5a, wrinkled structures after 
removal of both phases were observed. In combination with the SEM image in Figure S5b, these wrinkles can be 
identified as being composed of SM-NH2 particles. This observation confirms that SM-NH2 particles were indeed 
adsorbed at the toluene–water interface during Pickering emulsion formation [42,43]. 

 

Figure 2. (a) Photographs of Pickering emulsions 7 days after preparation containing SM-NH2, [C6SPDMEA]Br, 
toluene and water, the concentration of the SPIL in all samples is 1 × 10−4 mol/kg, from left to right the contents of 
SM-NH2, were 0.1%, 0.2%, 0.3%, 0.4%, and 0.5 wt.%, respectively; (b) The selected optical micrographs of the 
[C6SPDMEA]Br/SM-NH2/toluene/water with the SPIL concentration of 1 × 10−4 mol/kg for (1), (3) and (5) in (a), 
figures captured after 24 h of standing. 

3.2. Light Switchable Phase Behavior of the Pickering Emulsions 

The [C6SPDMEA]Br/SM-NH2/toluene/water system was selected as a representative example to investigate 
the emulsification and demulsification behavior under light irradiation. The Pickering emulsion system remained 
stable without phase separation for more than one week prior to visible light irradiation. Upon irradiation with 
visible light for 10 min under stirring, phase separation occurred and the emulsion was completely demulsified. 
Subsequent irradiation with UV light for 3 min led to re-emulsification and the formation of a stable Pickering 
emulsion, as shown in Figure 1b. Under alternating visible and UV light irradiation, the Pickering emulsion 
exhibited reversible emulsification and demulsification (Figure 3a). After four cycles, the average droplet diameter 
was changed from 18.0 μm to 17.6 μm (Figure 3b), this negligible change indicating that the light-responsive 
Pickering emulsion investigated in this work possesses good reversibility and cyclability. Given that the spiropyran 
moiety undergoes highly reversible photoisomerization, it is reasonable to expect that the Pickering emulsion can 
endure more than four cycles. 
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Figure 3. Photographs for fourth cycles of the light-triggered [C6SPDMEA]Br/SM-NH2/toluene/water Pickering 
emulsion reversible emulsification and demulsification (a); Optical micrographs of the Pickering emulsion droplets 
(b) before light irradiation and (c) after the fourth cycle of visible and UV light irradiation. 

3.3. Mechanism of Light Induced Phase Separation of Pickering Emulsions 

To investigate the possible mechanism of light induced phase separation of the Pickering emulsion, the Zeta 
potential and interfacial tension of the [C6SPDMEA]Br/SM-NH2/toluene/water system were measured. As shown in 
Table S4, the Zeta potential of [C6SPDMEA]Br aqueous solution was 32 mV, while that of the SM-NH2 (0.5 wt%) 
aqueous dispersion was 40 mV. Upon the addition of [C6SPDMEA]Br to the SM-NH₂ dispersion, the Zeta potential 
decreased to 25 mV. Both the SM-NH2 and the [C6SPDMEA]Br system exhibited positive charges, and the 
electrostatic repulsion between them reached an equilibrium that stabilized the oil–water interface, leading to the 
formation of a stable Pickering emulsion [4]. Notably, positive zeta potential could be determined for 
[C6SPDMEA]Br when the concentration was slightly lower than its CAC [24]. The classic assumption that no 
aggregates exist below the CAC. In fact, dynamic, positively charged premicellar oligomers are widely present in 
sub-CAC surfactant systems [44,45]. Such charged species, along with individual surfactant monomers, respond to 
an applied electric field and produce the detectable zeta potential. 

Furthermore, as shown in Table S4, the interfacial tension of the system decreased from 44.13 mN/m to 43.05 
mN/m upon the addition of [C6SPDMEA]Br, indicating that [C6SPDMEA]Br exhibits a certain degree of surface 
activity. Together, the SPIL and SM-NH2 stabilize the immiscible water–toluene two-phase system, resulting in 
the formation of a Pickering emulsion. Then, the adsorption amount of the SPIL on the SM-NH2 surface was 
measured before and after light irradiation. As shown in Figure S6, the adsorption amount increased with 
increasing [C6SPDMEA]Br concentration within the investigated concentration range. The adsorption amount 
after visible light irradiation was higher than that before irradiation. For example, for a [C6SPDMEA]Br 
concentration of 1 × 10−4 mol/kg, the adsorption amount increased from 17.91 mmol/g before irradiation to 19.35 
mmol/g after irradiation, disrupting the original electrostatic balance at the interface and leading to emulsion 
demulsification. Moreover, based on our previous work of the partition coefficient of the SPIL in the toluene–
water system [24], it is known that under visible light irradiation, the partition coefficient of the SPIL increases, 
and the SPIL converts from a hydrophilic MC structure to a hydrophobic SP structure. This causes more SPIL to 
transfer to the toluene phase, resulting in emulsion demulsification. 

3.4. Pickering Emulsions for Lipase Catalyzes the Hydrolysis of Lipids 

Lipase-catalyzed hydrolysis reactions are common in enzymatic catalysis. However, the catalytic activity of 
lipases in aqueous systems is generally low due to the inaccessibility of their active sites, resulting in poor 
hydrolysis conversion efficiency. At an oil–water interface, the α-helix structure covering the active site opens, 
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exposing the catalytic center and thereby enhancing the hydrolysis conversion [46]. To investigate whether a 
designed light switchable Pickering emulsion system could improve lipase hydrolysis efficiency, the lipase-
catalyzed hydrolysis of 4-nitrophenyl palmitate to 4-nitrophenol was used as a model reaction. The reaction in the 
aqueous system served as the blank control. In the aqueous system, the hydrolysis conversion efficiency was only 
6%, whereas in the Pickering emulsion system, the conversion reached 60%, representing a tenfold increase. These 
results indicate that in the Pickering emulsion system, the active center of lipase becomes exposed, leading to a 
significant improvement in the hydrolysis conversion. 

The recycling performance of the designed photo-responsive Pickering emulsion was investigated using the 
lipase-catalyzed hydrolysis of p-nitrophenyl palmitate as a model reaction (see schematic diagram in Figure 4). A 
stable Pickering emulsion was first formed by homogenizing a toluene-water system containing 4-nitrophenyl 
palmitate, lipase, SM-NH2, and [C6SPDMEA]Br for 1 min. The emulsion was then placed in a water bath at 38 °C 
and allowed to react for 8 h. After the reaction, the system was exposed to visible light for 20 min to induce 
complete demulsification under stirring. The product (4-nitrophenol) was partitioned into the aqueous phase, the 
catalyst precipitated out, and the SPIL transferred to the oil phase. The concentration of SPIL in the upper oil phase 
(containing unreacted ester) was extremely low and did not interfere with the absorption peak of the ester in the 
UV-Vis spectrum. The absorbance of the upper oil phase was measured to calculate the ester hydrolysis conversion. 
The precipitated catalyst was reused in next reaction cycle by adding 3 mL of the ester solution in toluene and 1 
mL of the SPIL, followed by homogenization and reaction under the same conditions as before. The recycling 
results are presented in Figure S7. As the number of cycles increased, the ester hydrolysis conversion gradually 
decreased, from 60% in the first cycle to about 30% in the third cycle. This decline is likely attributable to 
significant enzyme loss during the recycling process, leading to poor cycle performance of the system. 

 
Figure 4. (a) Hydrolysis reaction of palmitic acid 4-nitrophenyl ester in Pickering emulsion; (b) schematic diagram 
of the reaction and separation coupling procedures. 

4. Conclusions 

In summary, we have successfully synthesized functionalized SM-NH2 and employed them together with 
SPILs as synergistic emulsifiers to construct a light-responsive Pickering emulsion with water and toluene. Under 
the irradiation of UV and visible light, emulsification and demulsification of the Pickering emulsion could be 
reversibly switched. Mechanistic studies reveal that upon UV light irradiation, the SPIL isomerizes from the 
hydrophobic closed-loop SP form to the hydrophilic open-loop MC form, establishing electrostatic equilibrium 
with SM-NH2 and thereby forming a stable Pickering emulsion. In contrast, the open-loop MC structure reverts to 
the closed-loop SP structure, rendering the SPIL hydrophobic again upon visible light irradiation. This structural 
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change leads to increased adsorption of the SPIL onto SM-NH2, an increase in the zeta potential of the system, 
and enhanced transfer of the SPIL into the toluene phase, ultimately resulting in demulsification of the emulsion. 
Leveraging the non-invasive, environmentally friendly, and remotely controllable nature of light, these light-
responsive Pickering emulsions served as efficient and easily manipulable micro-reactors for chemical reactions. 
As a demonstration, the system was applied to catalyze the hydrolysis of 4-nitrophenyl palmitate. Compared to a 
pure aqueous system, the ester conversion in this Pickering emulsion was increased by a factor of 10. This 
remarkable enhancement is attributed to the large oil–water interface provided by the Pickering emulsion, which 
exposes the catalytic center of the lipase and significantly improves the conversion efficiency. This innovative 
strategy effectively integrates emulsion formation, reaction, product separation, and recyclability of both 
emulsifiers and catalysts in a simple manner, paving the way for the development of sustainable chemical processes. 

Supplementary Materials 

The additional data and information can be downloaded at: https://media.sciltp.com/articles/others/26062508 
52491976/SCE-26050022-SI.pdf. Figure S1: The XPS profiles of SiO2 and SM-NH2. Figure S2: The optical 
microscopy photos of the Pickering emulsions: the concentration of the SPIL is 5 × 10−4 mol/kg, figures captured 
after fresh preparation. Figure S3: The average droplet diameter by optical microscopy for systems with 5 × 10−4 
mol/kg SPIL and varying SM-NH2 loadings. Figure S4: Photos [C6SPDMEA]Br/SM-NH2/toluene/water Pickering 
emulsion in water (a) and toluene (b). Figure S5: (a) Optical microscopy image of Pickering emulsion droplets 
after evaporation of water and toluene; (b) SEM image of the wrinkled structures from Figure S2a. Figure S6: 
Adsorption capacity of [C6SPDMEA]Br on the surface of SM-NH2 (0.5 wt%) before and after illumination at 
25 °C: initial concentration of [C6SPDMEA]Br, 1 × 10−4 mol/kg; content of SM-NH2, 0.5 wt%. Figure S7: 
Conversion efficiency at different cycle numbers. Table S1: Influence of the concentration of [C4SPDMEA]Br 
and SM-NH2 particles in water on the stability of Pickering emulsions formed by [C4SPDMEA]Br, SM-NH2, 
toluene and water. Table S2: Influence of the concentration of [C6SPDMEA]Br and SM-NH2 particles in water on 
the stability of Pickering emulsions formed by [C6SPDMEA]Br, SM-NH2, toluene and water. Table S3: Influence 
of the concentration of [C8SPDMEA]Br and SM-NH2 particles in water on the stability of Pickering emulsions 
formed by [C8SPDMEA]Br, SM-NH2, toluene and water. Table S4: The Zeta potential and interfacial tension of 
[C6SPDMEA]Br (1 × 10−4 mol/kg) and SM-NH2 (0.5 wt%) at 25 °C. 
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