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1. Experimental Section 

Materials. Zirconium(IV) chloride (ZrCl4, 98%), polymyxin B sulfate salt (PMB, 

≥6000u/mg), tween 80 (99.5%), benzoic acid (99%), 1-(3-dimethylaminopropyl)-3-ethylcar-

bodiimide (hydrochloride) (EDC · HCl, 97%), N-hydroxy succinimide (NHS, 98%), N, N-

dimethylformamide (DMF, 99.8%), ethanol (EtOH, 99.5%), methyl alcohol (MeOH, 99.5%) 

were purchased from Shanghai Titan Scientific Co., Ltd. Phosphate-buffered saline (PBS) 

was purchased from Cytiva Inc. (China). Yeast extract and tryptone were obtained from 

Thermo Fisher Scientific. Agar power was purchased from Shanghai EKEAR BioNTech 

Co., Ltd. Crystal violet staining solution (≥1 - ≤2.5%), propidium iodide (PI, ≥94.0%) and 

ROS Assay Kit (DCFH-DA, 10 mM) were purchased from Beyotime Inc. (China). SYTO 

9/PI Live/Dead Bacterial Double Stain Kit (SYTO9, 3.34 mM; PI, 20 mM) was purchased 

from Shanghai Maokang Biotechnology Co., Ltd. All other chemicals were commercially 

available and used without further purifications. 

General Characterizations. Scanning electron microscopy (SEM) images were pro-

duced using a vltra55 scanning electron microscope (CarlZeissSMTPteLtd), which oper-

ated at 3.0 KV accelerating voltage. Transmission electron microscopy (TEM) images were 

acquired using a JEM-1400Flash transmission electron microscope operated at 120 KV.  

Powder X-ray diffraction (XRD) analyses were performed and XRD patterns were rec-

orded on a Bruker A8 Advance X-ray diffractometer using monochromatic Cu Kα radia-

tion (λ = 1.5406 Å) at room temperature. The electron spin resonance (ESR) spectra were 

recorded using a Brucker A300 spectrometer at room temperature. The hydrodynamic 

size and zeta potential measurements were performed using a Malvern Zetasizer NanoZS 

instrument at 25 °C. UV-vis absorption spectra were recorded on a P7 Double Beam UV-

vis spectrometer (China). Fourier-transform infrared spectroscopy (FT-IR) spectra were 

obtained as KBr-pellets on a Nicolet iS50 FT-IR spectrometer. Confocal microscopy im-

ages (CLSM) were captured using a Nikon A1 confocal microscope. Flow cytometry anal-

yses were performed using an Agilent NovoCyte Advanteon flow cytometer. Light irra-

diance was performed using a CEL-NP2000-2(10)A fully automatic optical power meter. 
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The results were presented as mean ± standard deviation (SD). Data were analyzed for 

statistical significant differences (* p < 0.05, ** p < 0.01, and *** p < 0.001) using the SPSS 

software. 

2. TEM images of Se-NPs 

 

Figure S1. TEM images of Se-NPs after incubation in LB media for different times.  

 

 

3. Emission spectrum and characteristics of LED lamps 

 

Figure S2. Emission spectrum and characteristics of the LED light. 

  



 

 

4. TEM image of PMB-Se-NPs 

 
Figure S3. TEM image of PMB-Se-NPs. 

 

 

5. Standard curve of PMB 

 
Figure S4. The standard curve of absorbance vs. PMB concentration. 

  



 

 

6. Fluorescence emission spectra of Se-NPs, PMB, and PMB-Se-NPs 

 
Figure S5. Fluorescence emission spectra (λex = 390 nm) of Se-NPs, PMB, and PMB-Se-NPs dis-
persed in PBS buffer. 

 

 

7. Evaluation of P. aeruginosa biofilm formation by crystal violet staining 

 
Figure S6. Crystal violet staining results of P. aeruginosa biofilm after different bacterial concentra-
tions and culture times. 


