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SI-1 Microfluidic synthesis of ultra-small AIE-dots 

 

Scheme S1. Schematic of the microfluidic glass capillary mixer for the synthesis of 

monodisperse TPATCN-loaded DSPE–mPEG2000 NPs.  

Pump A controls the flow of anti-solvent (outer flow), which contains water. On the other hand, 

syringe pump B controls the flow rate of organic solvent acetone (inner flow) with polymer 

and ROS dye dissolved in it.  To maintain the high level of supersaturation during mixing, the 

volumetric flow rate ratio of outer to inner fluid is maintained as 10. The solvent stream 

comprises of ROS dye and DSPE-mPEG with a polymer to dye ratio (PDR) of 2. The inner 

fluid (solvent) is rapidly mixed with outer fluid (anti-solvent) in the mixing zone, resulting in 

NPs through the self-assembly process. Then, the mixture is kept for solvent evaporation. The 

final concentration of AIE-dots was 0.3 mg/mL.  

SI.1.1. Fabrication of Microfluidic mixer 

The coaxial flow microfluidic glass capillary mixer was assembled by using two round glass 

capillaries of diameter 1 mm (for outer) and 0.7 mm (for inner), Teflon tubings and fittings 
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from Chemikalie Pte Ltd. The inner round capillary was pulled using a micropipette puller 

(Sutter Instruments, P-97) to produce a tapered end. The tapered end was then enlarged to 100 

µm using abrasive paper. Teflon tubing was used to connect the glass capillary device to 

respective syringes controlled by syringe pumps. The inner glass capillary was inserted into 

the outer glass capillary with a side hole in Teflon tubing. The outer glass capillary is connected 

with a plastic Monoject syringe through Teflon tubing and fittings for the supply of water.  The 

pump used for the water supply was a Chemyx Nexus-3000 pump, and the organic phase was 

injected by using a Chemyx Fusion-200 pump. 

SI.1.2. Calculation of Reynolds number and flow velocity 

The total flow rate in the system can vary from 1.1 mL min-1 to 16.5 mL min-1. The relation 

between flow velocity (u) and volumetric flow rate (Q) is defined by                                                                                    

Equation .  

𝑢 =
4𝑄

𝜋𝐷𝑖
                                                                                          Equation S1 

where Di is the inner diameter of the pipe (1 mm) 

Re in the system was varied on the basis of the total flow rate using the following Equation . 

𝑅𝑒 =
𝜌𝑢𝐿

𝜇
                                                                                        Equation S2 

where μ represents the viscosity of the fluid, ρ represents the density of the fluid, and L is a 

characteristic linear dimension (m). For a circular pipe, the characteristic linear dimension is 

the same as the hydrodynamic diameter (inner diameter of the pipe). Equation  represents the 

relation between Re and flow rate. 

𝑅𝑒 =
4𝜌𝑄

𝜋𝜇
                                                                                                              Equation S3 
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Figure S1 shows the variation of Re with respect to flow rate: 

 

Figure S1. Variation of Re in the pipe due to the change in flow rate (mL min-1) 
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Scheme S2. Reaction of ABDA with 1O2 to generate an endoperoxide, referred to as (ABDA-

O2) 
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Figure S2. a) Hydrodynamic diameter and b) Zeta potential value of the as-synthesized AuNSs 

and PEI-modified AuNSs. A slight increase in the size and also change in the zeta potential 

values from negative to positive indicate the successful surface modification of AuNSs by PEI. 

c) FTIR spectra of PEI-modified AuNSs and PEI solution. The characteristic vibrations of PEI 

(a: C-N stretching vibrations of the tertiary amine, b: coupling of N-H angular deformation and 

C-N stretching vibrations, c: scissoring vibration of –NH2 in PEI) are appeared in the PEI-

modified AuNSs, indicating successful surface coverage of AuNSs by PEI. Other vibrations 

(d: symmetric stretching of C-H, e: asymmetric stretching of C-H) are merged with a strong 

vibration of OH groups due to the presence of water in PEI-AuNSs sample. d) Hydrodynamic 

diameter of PEI-Au585, AIE-PS dots, and Au585@AIE-PS nanohybrid. e) The changes in the 

hydrodynamic diameters of AIE-PS dots and Au585@AIE-PS nanohybrid during storage at 

temperature of 4 oC. 
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Table S1.Comparison of singlet oxygen generation (SOG) performances of different reported 

metal nanoparticles-enhanced SOG systems 

Nanohybrid 
Enhancement 

Factor (EFSOG) 

SOG Quantum 

Yield (QY) 
Reference 

AgNPs@Silica-Rose Bengal 3-fold 2.25  [1] 

AgNanocube@Silica-Rose 

Bengal 
4-fold 3.00  [2] 

SiO2@Ag@SiO2-Rose Bengal 
 

1.32-fold 0.99  [3] 

Au585@AIE-PS 15-fold 4.05 This work 
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Figure S3. Degradation of 50 μM ABDA in the presence of different Au nanostars (304 pM) 

under 30 mW/cm2 white light 
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Figure S4. Metabolic viability of NIH-3T3 cells (a) and HeLa cells (b) as function of AIE-

photosensitizer concentration (0-50 µg/mL), after 12 hr incubation with AIE-PS dot (red) and 

Au585@AIE-PS (blue), respectively. Metabolic viability of HeLa cells as function of Au585 

nanostars concentration (c) and Verteporfin concentration (d) after 12 hr incubation. All 

conditions were similar for (a-d) and the concentration of Au585 nanostars was chosen 

according to their concentrations in the Au585@AIE-PS nanohybrid. For the Au585@AIE-PS 

sample, the concentration ratio of Au585 to AIE-PS dots was fixed at 38 pM : 2 µgmL-1. (e) 

The photostability of AIE-PS dots, Au585@AIE-PS, Verteporfin, Rose Bengal and Methylene 

Blue after illumination (white light, 100 mW/cm2). f) Excellent photobleaching property of 

AIE-PS dots and Au585@AIE-PS nanohybrid monitored for up to 50 cycles under excitation 

wavelength at 490 nm 
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Figure S5. Example nanostar modeled in SolidWorks (a) and then meshed in Comsol 

Multiphysics 
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Table S2. Size analysis of different Au nanostars and the corresponding experimental and 

simulated SPR peaks 

Sample 

Short 

axis 

(nm) 

Middle 

axis 

(nm) 

Long 

axis 

(nm) 

Eccentricity 

(nm) 

Experimental 

SPR Peak 

(nm) 

Simulated 

SPR Peak 

(nm) 

Au540 15 18 19 21 540 540 

Au585 13 21 22 27 585 590 

Au668 8 18 19 25 668 670 

Au718 12 27 29 42 718 720 

Au762 18 30 38 56 762 765 



S11 

 

 

Figure S6. Simulated absorbance, scattering, and extinction spectra for different Au nanostars: 

a) Au540, b) Au585, c) Au668, d) Au718, and e) Au762. 


