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Materials and experiments.

Dopamine hydrochloride (98%), tetrabutylammonium hexafluorophosphate (Bu4NPF6) 

(99%), and ferrocene (99.5%) were all purchased from J&K Scientific Ltd. (Beijing, 

China). 1H-imidazo[4,5-b]pyridine-2(3H)-thione (HIPT, 99%) was purchased from 

Bide Pharmatech Co., Ltd. 2-Mercapto-5-methoxyimidazole[4,5-b]pyridine (MMDP, 

99%), 5-Methoxy-2-mercaptobenzimidazole (MOBI, 99%) and Rhodamine B (RhB, 

99%) were purchased from Energy Chemical (Shanghai, China). Ammonia aqueous 

solution (25-28 wt %), Sodium chloride (NaCl, 99%), ethanol (anhydrous, 99%) and 

acetonitrile (99%) were purchased from Kelong Chemical (Chengdu, China). All 

plastic substrates were purchased from shangjiu. Rubber & Plastic Company (Shanghai, 

China). All chemical reagents were used directly without further purification.

Fabrication of PDA-i (i=1 to 26) coatings.

Taking PDA-1 for example, dopamine monomer (5 mg, 0.026 mmol) and HIPT (10 

mg, 0.066 mmol) were added to a mixed solvent of ethanol (2 mL) and Tris-HCl buffer 

(6 mL) with a concentration of 200 mM, pH=8.5. After shaking for 10 minutes in a 

shaker at a temperature of 25 °C, a polycarbonate (PC) substrate measuring 1 mm x 10 

mm x 30 mm was placed to the above system. Then the system was shaken in the shaker 

at 25 ℃ for 24 h. After that, the above PC plate was rinsed three times with ethanol and 

water respectively, and then soaked in a solution of water and ethanol (3:1) for 24 h, 

and the solution was changed every 6 hours. Finally, the coating was gently dried with 

a hair dryer and named PDA-1 for later use. PDA-i (i=0 and 2-26) was prepared using 

a similar method, and the detailed reaction conditions were presented in Table S1b.



Theoretical calculations.

The energy levels of the molecular orbits were obtained using density functional theory 

(DFT) by Gaussian 09 software. The molecular orbits of probable intermediates were 

outputted at the B3LYP/6-31G* level with solvation model density (SMD). Moreover, 

the ESPs were calculated by Multiwfn (Multiwfn 3.7), and the images of ESP were 

obtained through VMD (1.9.3). The coordinates of the model structure after 

optimization were shown in Table S2.

Post-modification of PDA coatings.

Take PM-14 for example, MMDP (8 mg, 0.044 mmol) was added to a mixed solvent 

of ethanol (2 mL) and Tris-HCl buffer (6 mL) with a concentration of 200 mM, pH=8.5. 

After shaking for 10 minutes in a shaker at a temperature of 25 °C, the PC plate coated 

with PDA-14 was placed into the above system. Then the mixture was still shaken in 

the shaker at 25 ℃ for 24 h. After that, the above PC plate was rinsed three times with 

ethanol and water respectively, and then soaked in a solution of water and ethanol (3:1) 

for 24 h, and the solution was changed every 6 hours. Finally, the post-modified PDA 

coating was gently dried with a hair dryer and named PM-14 for later use. PM-i (15-

26) were prepared using a similar method, and the detailed reaction conditions were 

presented in Table S1c.

The efficiency of protecting Rhodamine B from UV photocatalytic degradation

The UV degradation protection experiment of rhodamine B was completed according 

to the previously reported procedures1. Typically, 5 mg of titanium dioxide was first 

added to a vial containing 10 mL of 1×10-5 M RhB aqueous solution, and stirred for 



half an hour in the dark. The mouth of the vial was covered with naked PC plate, PDA 

(PDA-0) coated PC plate and P(DA-MMDP) (PDA-1) coated PC plate before 

irradiating it with UV rays. Then a UV phototherapy instrument (312 nm) was applied 

to study their protection efficiency. Note that the height from the lamp tube to the bottle 

mouth was 5 cm. At regular intervals (t), 1 mL of the solution in the vial was taken out 

and centrifuged to remove the titanium dioxide. Then ultraviolet-visible (UV-Vis) 

spectrophotometer was used to measure the absorption of the RhB solution at 552 nm. 

The UV protection efficiency could be obtained through equation I=At / A0 × 100%，

where A0 is the absorption of the RhB solution without exposed to UV light, At is the 

absorption of the RhB solution irradiated by UV light for t minutes. 

UV protection efficiency

The naked PC plates, PDA (PDA-0) coated PC plates and P(DA-MMDP) (PDA-1) 

coated PC plates were exposed to UV light (UV phototherapy instrument, 312 nm) for 

four hours, and these samples were then tested for mechanical properties, UV 

absorption and thermal stability before and after exposure to UV light. Note that the 

height from the lamp tube to the plates was 5 cm.

Fabrication of PDA and P(DA-MMDP) coated fabrics

Dopamine hydrochloride (16 mg, 0.084 mmol) was dissolved in a mixed solvent of 

ethanol (2 mL) and Tris-HCl buffer (6 mL) with a concentration of 200 mM, pH=8.5. 

After shaking for 10 minutes in a shaker at a temperature of 25 °C, a piece of non-

woven fabric with a diameter of 2.5 cm was added to the above solution. Then the 

mixture was still shaken in the shaker at 25 ℃ for 24 h. After that, the above fabric was 



rinsed three times with ethanol and water respectively, and then soaked in a mixed 

solution of water and ethanol (3:1) for 24 h, and the solution was changed every 6 hours. 

Finally, the fabric was gently dried with a hair dryer and named Fabric-1 for later use. 

P(DA-MMDP) coated fabric (Fabric-2) was prepared by the same method, except that 

MMDP (16 mg, 0.088 mmol) was additionally added to the above reaction system.

Hydroxyl radicals generated from UV-light illuminated fabrics

Naked fabric (Fabric-0), PDA coated fabric (Fabric-1) and P(DA-MMDP) coated fabric 

(Fabric-2) were added into freshly prepared terephthalic acid, disodium salt solution (6 

mL, 3 mM). Then these mixed systems were illuminated by a UV phototherapy 

instrument (312 nm) at a distance of 5 cm for 3 h. Took 1 mL of the solution from the 

above system every one hour to measure its fluorescence intensity. Fluorescence 

intensities (Em 425 nm) from the generated hydroxylterephthalate (HTA) were 

measured while excitation wavelength was set at 315 nm. The generation of hydroxyl 

free radical of terephthalic acid, disodium salt solution (water) under UV-light 

illumination was also measured. Moreover, the generation of hydroxyl free radical of 

Fabric-0, Fabric-1 and Fabric-2 in dark also examined as control.

Stability testing of hydroxyl radicals generated from UV-light illuminated Fabric-2

Fabric-2 were added into freshly prepared terephthalic acid, disodium salt solution (6 

mL, 3 mM). Then these mixed systems were illuminated by a UV phototherapy 

instrument (312 nm) at a distance of 5 cm for 1 h. 1 mL of the solution from the above 

system was taken to measure its fluorescence intensity after illumination. The above 

procedure was repeated five times, and the fluorescence intensity after each irradiation 



was measured. The efficiency of generating hydroxyl radicals during each UV 

irradiation of Fabric-2 could be obtained through equation E=It / I1 × 100%，where I1 

was the value of the fluorescence intensity after the first irradiation, and It is the value 

of the fluorescence intensity after the t-th irradiation. 

Antibacterial activity of fabrics

Escherichia coli (E.coli) was dispersed in a sterile liquid medium and incubated in an 

incubator at 37 °C for overnight (18-24 h). The bacteria were detected by 

spectrophotometer (Thermo Fisher) prior to use to ensure that bacteria were in 

logarithmic growth phase (approximately 1 × 108 CFU/mL). Then the cultures of the 

mid exponential-phase bacterium were diluted with phosphate buffered saline (PBS) to 

approximately 105 CFU/mL for later use.

Fabric-0, Fabric-1 and Fabric-2 were placed in 6-well plate and inoculated with 100 μL 

of diluted bacterial suspension, respectively. All samples were exposed to UV light 

(UV phototherapy instrument, 312 nm) for different time (10 min, 20 min and 30 min). 

It is worth noting that lamp tube to the fabrics was 15 cm. Meanwhile, another set of 

samples was covered and stored in dark environment for the same duration. Afterward, 

the fabrics were soaked in 10 mL of sterilized PBS solution, and then the mixture was 

shaken vigorously for 1 min. An aliquot of 0.1 mL of the mixture solution was taken 

out and diluted 10-fold and then placed on an agar plate and incubated at 37 °C for 18 

h. Finally, 0.1 mL of solution was taken from the bacterial stock solution (105 CFU/mL) 

and diluted 1000-fold and then placed on an agar plate and incubated at 37 °C for 18 h 

as control sample. The reduction rate of bacteria was calculated based on the numbers 



of colony forming units on agar plate according to equation 1:

Reduction of bacteria (%) = (B − A) / B × 100% (1)

where B is the number of colonies forming units of control, and A is the number of 

colonies forming units of light exposed samples and dark samples.

UV photocatalytic dye degradation by fabrics

Fabric-0, Fabric-1 and Fabric-2 were added into freshly prepared 1×10-5 M RhB 

aqueous solution. Let the above system stand in the dark for half an hour. Then a UV 

phototherapy instrument (312 nm) was applied to study their photocatalytic degradation 

efficiency. Note that the height from the lamp tube to the bottle mouth was 5 cm. t 

minutes after irradiation, 0.5 mL of the solution in the well plate was taken out. Then 

UV-Vis spectrophotometer was used to measure the absorption of the RhB solution at 

552 nm. The UV photocatalytic degradation efficiency could be obtained through 

equation I=(1-At / A0) × 100%，where A0 is the absorption of the RhB solution without 

exposed to UV light, At is the absorption of the RhB solution irradiated by UV light for 

t minutes. In addition, the dye degradation of the above system in the dark was also 

examined as a control.

Cytocompatibility investigation

NIH-3T3 fibroblasts were cultured at 37 °C in a 5% CO2 atmosphere in Dulbecco's 

Modified Eagle's Medium prepared with 10% fetal bovine serum and 1% penicillin-

streptomycin. The cell viability of each group was detected by MTT assay. Briefly, 

cells were incubated in 12-well plates at a density of 20,000 cells per well for 12 h and 

treated with Fabric-2 for 30 min under UV311 irradiation (Fabric-2@UV). As a control, 



Fabric-2 was exposed directly to the cells for 30 minutes (Fabric-2). Likewise, cells not 

contact to Fabric-2 were irradiated with UV311 for 30 min (UV). Note that viability of 

untreated cells was detected by MTT assay too. Additionally, NIH-3T3 cells were 

incubated in 12-well plates at a density of 20,000 cells per well for 12 hours. The same 

treatment as above was then performed and live/dead staining was recorded using an 

inverted fluorescence microscope to confirm NIH 3T3 cell viability and morphology.

In Vivo Antimicrobial Wound Healing

A mouse wound model was established and processed to evaluate the antibacterial and 

wound repair effects of Fabric-2 under ultraviolet irradiation. All studies with these 

animals followed the Animal Ethics Standards (no. 2020064A; WCHSIRB-D-2017-

263) of the Animal Ethics Committee of West China Hospital of Sichuan University, 

Chengdu, China. All animals used in this study were from Dashuo Experimental 

Animal Co., Ltd. (Chengdu, China). Twenty male Kunming mice (6-8 weeks; 28-32 g, 

5 per group) with circular wounds (~40 mm2) were randomly divided into 4 groups. 

After the wounds of each group were infected with 100 μL E. coli suspension (~1×108 

CFU mL-1) for 24 hours, the wounds were treated with normal saline; UV light; Fabric-

2 and Fabric-2@UV for 30 minutes. On the second day of treatment, bacteria were 

collected from the wounds of the mice to quantify the number of bacteria. At different 

times after treatment (0, 1, 2, 3, 4, 5, 7, 9, 11, 13 days), the wounds of the four groups 

of mice were observed and photographed, and the body weight of the mice was 

recorded. After 13 days of treatment, mice were sacrificed and wound tissues were 

collected. The collected wound tissues were fixed with 10% formalin and embedded in 



paraffin for sectioning. Finally, these wound tissue sections were used for histological 

and immunological analysis.

Characterization

SEM images of PDA coatings were obtained on an FEI Nova NanoSEM 450. The test 

mode is backscattered electron mode, and the test voltage is 15kV. The surface 

roughness and thicknesses of the PDA coatings were acquired on AFM of AIST-NT 

Smart SPM. Specifically, the samples were manipulated using tweezers to leave steps 

that could be used to measure coating thickness. Electron energy-loss spectroscopy 

mapping (EELS mapping) was performed on HORIBA X-max detector within a SU-

8010 scanning electron microscope. And X-ray photoelectron spectroscopy (XPS) was 

conducted with Escalab 250Xi (Thermo Scientific, USA) by using Al Kα radiation. The 

CaseXPS software (Version 2.3.16) was used to analyze the survey scan XPS spectra 

and deconvolute the narrow-scan XPS spectra of the S 2p and O 1s of the samples, 

using adventitious carbon to standardize the C 1s binding energy (284.5 eV). Moreover, 

UV-Vis absorption spectra and UV-Vis transmittance spectra were carried by using 

UV-Vis light spectrophotometer (PerkinElmer, Lambada 650). The measured spectral 

range is 290-800 nm with slit of 1 nm. Furthermore, water contact angles were tested 

by a Data-Physics OCA 25, with 8 μL of the water drop. the CV measurement was 

carried out on the CHI760E electrochemical workstation. This test was completed by 

using PDA coatings coated indium tin oxide as the working electrode, Pt wire as the 

counter electrode, and Ag/AgCl as the reference electrode in a 0.1 M Bu4NPF6 

acetonitrile solution. And, the Fc/Fc+ couple was used as an internal reference. Note 



that the preparation method of the coating applied on the working electrode was the 

same as that applied on the PC. Also, the thermal stability of samples before and after 

UV irradiation were evaluated by using thermogravimetric analysis (TGA, 209F3 IR 

thermal gravimetric analyser, Netzsch, Germany) tests from room temperature (25 °C) 

to 800 °C with a ramp rate of 10 °C/min under nitrogen atmosphere. Moreover, the 

mechanical behavior of samples before and after UV irradiation were test by a universal 

testing machine (Model 5967, Instron, USA) at a strain rate of 2 mm/min. For each 

measurement, five samples were measured for an average value. Fluorescence spectra 

were recorded on the F98 fluorescence spectrophotometer (Shanghai Lengguang 

Technology Co., Ltd.) with the excitation and emission slit width at 10 nm. Image-J 

software was used to measure the wound area of each group for analysis.

Statistical analysis 

The data were presented as mean ± standard deviation. Statistical significance was 

calculated using either Student's t-test or one-way ANOVA followed by Newman Keuls 

Multiple Comparison Test. A p-value less than 0.05 was considered significant.



Figure S1. 3D AFM height images of PC@PDA-i coating, where i = 0-3.

Figure S2. Thickness of PDA coatings. (a)-(d) AFM images of PDA coatings, 

respectively, (a) PC@PDA-0, (b) PC@PDA-1, (c) PC@ PDA-2, (d) PC@ PDA-3, scale 



bars, 1 μm. (e)-(h) Corresponding height chart, respectively, (e) PC@PDA-0, (f) 

PC@PDA-1, (g) PC@ PDA-2, (h) PC@ PDA-3.

Figure S3. Quantitative analysis of the UV enhancement of PDA coatings. (a)  

Integral area values of UV absorption curve (shown in Figure 2a) from 290 to 400nm. 

(d) The ratio of transmittance at 320 nm and 550 nm in UV transmittance curve (shown 

in Figure 2b).



Figure S4. Cyclic voltammograms testing of the PDA coatings.

Figure S5. ESP photographs of M1-M6.



Figure S6. Chemical structures of TH-IQs and theoretical calculated frontier 

molecular orbital using DFT calculations at the B3LYP/6-31 G* level with 

solvation model density.



Figure S7. Characterization of PDA coatings with different MMDP doping 

amount. (a) SEM and optical images of PDA coatings, scale bar, 500 nm. (b) AFM 

height images of PDA coatings (Inset: corresponding height fluctuation along the blue 

line from Figure S7b). (c) XPS survey spectra of PDA coatings. (a.u.: arbitrary units). 

(d) O 1s peaks in XPS spectra of PDA coatings. (e) UV-Vis absorption spectra of naked 

PC and PDA coated PC ranging from 290 to 800 nm. (f) UV−Vis light transmittance 

spectra of naked PC and PDA coated PC ranging from 290 to 800 nm. (g) Integral area 

values of UV absorption curve (shown in Figure S7e) from 290 to 400nm. (h) The ratio 

of transmittance at 320 nm and 550 nm in UV transmittance curve (shown in Figure 

S7f).



Figure S8. 3D AFM height images of PC@PDA-i coating, where i = 4-5.

Figure S9. Thickness of PDA coatings. (a)-(b) AFM images of PDA coatings, 

respectively, (a) PC@PDA-4, (b) PC@PDA-5, scale bars, 1 μm. (c)-(d) Corresponding 

height chart, respectively, (c) PC@PDA-4, (d) PC@PDA-5.



Figure S10. Optical images of different substrates uncoated and coated with 

PDA.



Figure S11. UV absorption enhancement of MMDP-doped PDA coatings. (a)-(d) 

UV-Vis absorption spectra of PDA and P(DA-MMDP) coating on different substrate 

ranging from 290 to 800 nm, respectively, (a) PVC, (b) PS, (c) PMMA, (d) PET. (e)-

(h) UV−Vis light transmittance spectra PDA and P(DA-MMDP) coating on different 

substrate ranging from 290 to 800 nm, respectively, (e) PVC, (f) PS, (g) PMMA, (h) 

PET. (i) Integral area values of UV absorption curve (shown in Figure. S7(a)-(d)) from 

290 to 400nm. (d) The ratio of transmittance at 320 nm and 550 nm in UV transmittance 

curve (shown in Figure. S7(e)-(h)). (k) Pictures of water droplets on different surface.



Figure S12. Pseudocolor images of the TA spectra at all decays. The horizontal and 

vertical axes corresponding to the probe wavelength and pump-probe delay, 

respectively. As indicated by the color scale bar, the color intensity represents the 

magnitude of the TA signal.

Figure S13. Transient absorption spectra of PDA-i (i=0, 4 and 5) at indicated delay 

times. 



Figure S14. The EIA kinetics traces of PDA-i (i= 0, 2, 4 and 5). These traces can 

be described by a power law function with a power of -0.377±0.006.

Figure S15. Effect of reaction pH on UV absorption of PDA coatings. (a)-(c) UV-



Vis absorption spectra of PDA coatings before and after modification at different 

reaction pH, respectively, (a) pH = 8.5, (b) pH = 9.5, (c) pH = 10.5. (d)-(f) UV−Vis 

light transmittance spectra of PDA coatings before and after modification at different 

reaction pH, respectively, (d) pH = 8.5, (e) pH = 9.5, (f) pH = 10.5. (PDA coating 

thickness = 60 nm, reaction time = 24 h, reaction temperature = 25 ℃)

Figure S16. Effect of thickness on UV absorption of PDA coating. (a)-(d) UV-Vis 

absorption spectra of PDA coatings before and after modification with different PDA 

coating thickness, respectively, (a) PDA coating thickness = 20 nm, (b) PDA coating 

thickness = 30 nm, (c) PDA coating thickness = 45 nm, (d) PDA coating thickness = 

60 nm. (e)-(h) UV−Vis light transmittance spectra of PDA coatings before and after 

modification with different PDA coating thickness, respectively, (e) PDA coating 

thickness = 20 nm, (f) PDA coating thickness = 30 nm, (g) PDA coating thickness = 45 

nm, (h) PDA coating thickness = 60 nm. (reaction pH = 10.5, reaction time = 24 h, 

reaction temperature = 25 ℃)



Figure S17. Effect of the reaction time and temperature on UV absorption of PDA 

coatings. (a)-(d) UV-Vis absorption spectra of PDA coatings before and after 

modification with different modification reaction time and temperature, respectively, 

(a) reaction time = 24 h, reaction temperature = 25 ℃, (b) reaction time = 48 h, reaction 

temperature = 25 ℃, (c) reaction time = 24 h, reaction temperature = 42 ℃. (d)-(f) 

UV−Vis light transmittance spectra of PDA coatings before and after modification with 

different modification reaction time and temperature, respectively, (d) reaction time = 

24 h, reaction temperature = 25 ℃, (e) reaction time = 48 h, reaction temperature = 25 

℃, (f) reaction time = 24 h, reaction temperature = 42 ℃. (reaction pH = 10.5, PDA 

coating thickness = 60 nm).



Figure S18. Quantitative analysis of the UV enhancement. (a) Integral area values 

of UV absorption curve (shown in Figure 3e-3g) from 290 to 400nm. (b) The ratio of 

transmittance at 320 nm and 550 nm in UV transmittance curve (shown in Figure 3h-

3j).

Figure S19. UV protection of MMDP-doped PDA coatings. (a)-(c) UV-Vis 

absorption spectra of naked PC and PDA coated PC (PC@PDA-0 and PC@PDA-2) 

after UV irradiation for different times, respectively, (a) naked PC, (b) PC@PDA-0, (c) 

PC@PDA-2. (d)-(f) TGA curves of naked PC and PDA coated PC (PC@PDA-0 and 



PC@PDA-2) after UV irradiation for different times, respectively, (d) naked PC, (e) 

PC@PDA-0, (f) PC@PDA-2.

Figure S20. Stress-strain curves of naked PC and PDA coated PC (PC@PDA-0 

and PC@PDA-2) before and after UV irradiation. 

Figure S21. UV-trigged generation of hydroxyl radicals by PDA coatings. (a)-(d) 

Fluorescence spectra of HTA generated by different materials in the presence of UV, 



respectively, (a) Water, (b) Fabric-0, (c) Fabric-1, (d) Fabric-2. (e)-(f) Fluorescence 

spectra of HTA generated by different materials in dark, respectively, (e) Water, (f) 

Fabric-0, (g) Fabric-1, (h) Fabric-2.

Figure S22. Biocompatibility assessment. (a) The results of AO/EB staining of NIH-

3T3 cells after virous treatment. (b) The Corresponding cell viability after virous 

treatments, scale bar, 100 μm.



Figure S23. Photographs of a mouse model of a bacterially infected wound.

Figure S24. Survival of bacteria on infected wounds of mice before and after 

different treatments.



Figure S25. Photographs of the healing process at different time, the diameter of 

the ring was 14 mm.

Figure S26. Body weight of mice with bacterially infected wound after the 

treatments.



Table S1. (a) Full names of important abbreviations. (b) Reaction parameters for the 

fabrication of PDA coatings. (c) Reaction parameters for the post-modification of PDA 

coatings.



Table S2. The coordinates of the model structure after optimization.
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