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Supplementary Figures
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Supplementary Figure 1. Synthesis of Cu/TiO> nanocatalyst via solvothermal alcoholysis.
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Supplementary Figure 2. (A) The XRD patterns of TiO; and Cu/TiO,. TEM images of (B) TiO2
and (C) Cu/TiOz. The EDX-based Cu image (D) showing the size of discrete Cu atoms within
Cu/TiO; catalyst being ~ 172 + 8 pm (E).
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Supplementary Figure 3. The size distribution of (A) TiOz and (B) Cu/TiO2 nanoparticles.
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Supplementary Figure 4. High-resolution XPS spectra: The O 1s region for (A) TiO2 and (B)
Cu/TiO;. Ov: Lattice oxygen. O-on: Surface adsorbed oxygen.
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Supplementary Figure 5. The computational simulation of the adsorption (physisorption) of

dissolved oxygen on the Cu/TiO; surfaces in water.
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Supplementary Figure 6. Hydrophilicity analysis. (A) Particle absorbance relative to solution
surface tension for TiO2 and Cu/TiO; nanoparticles. (B) Surface tensions of different volumetric

percentage of ethanol solutions as probing liquids.
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Supplementary Figure 7. The computational simulation of the adsorption (physisorption) of

water on the Cu/TiO; surfaces through both (A) Cu* (excited state) and (B) Cu?" (ground state).
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Supplementary Figure 8. Tauc plots for TiO, and Cu/TiOs.
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Supplementary Figure 9. The EPR spectra of radical adducts trapped by DMPO in TiO; under

visible light, and Cu/TiO: samples under dark environment.
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Supplementary Figure 10. ROS production kinetics by Cu/TiO; nanoparticles under visible
light irradiation at various wavelengths. (A) “OH production was measured with coumarin as the
probe and (B) first-order fitting to determine the initial rates. (C) O>" production was measured

with XTT as the probe and (D) first-order fitting to determine its initial rates.
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Supplementary Figure 11. The characteristic hyperfine structure of the Cu?* signal under

nitrogen.
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Supplementary Figure 12. The UV-vis absorption spectra of aqueous RhB solution containing

Cu/TiOz under visible light irradiation over time.
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Supplementary Figure 13 Influence of pH on the degradation of rhodamine B using the
Cu/Ti0: photocatalyst.
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Supplementary Figure 14 Influence of pH on zeta potential of the Cu/TiO2 photocatalyst.
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Supplementary Figure 15. (A) Recyclability of Cu/TiO; for photocatalytic degradation of

Rhodamine B over five cycles. (B) Powder XRD patterns and (C) TEM images of Cu/TiO:
before and after recycling.
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Supplementary Figure 16. The photodegradation of RhB by Cu/TiO; catalysts under visible

light irradiation in the presence of four scavengers: (A) 1,4-Benzoquinone (BQ), (B) ammonium

oxalate (AO), (C) methanol, and (D) sodium azide (NaN3).
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Supplementary Figure 17. The formation of (A) O™ probed by XTT and (B) “OH probed by
coumarin using Cu/TiO; nanocatalysts under N> or air with visible light irradiation. (C) The

photodegradation of RhB by Cu/TiO; nanocatalysts under N> or air with visible light irradiation.
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Supplementary Figure 18. The bactericidal efficiency of Cu/TiO2 and undoped TiO:

nanoparticles with and without visible light irradiation.
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Supplementary Figure 19. (A) The biofilm disruption efficiency of Cu/TiO2 NPs under visible

light irradiation for 3-9 hours assayed by using crystal violet dye. (B) The calculated biofilm
disruption percentages. (C) the Optical and microscopic images of the biofilm in the microplate

wells after treatment (n = 9).
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Supplementary Tables

Supplementary Table 1. Elemental analysis of Cu/TiO: via energy-dispersive X-ray (EDX)

spectroscopy

Atomic Number FElement Atomic fraction (%) Mass Fraction (%) Fit Error (%)

8 O 67.82+3.69 41.29 +£4.09 1.75
22 Ti 32.02+3.7 58.33+4.13 0.21
29 Cu 0.16 £ 0.02 0.38 £ 0.07 0.50
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Supplementary Table 2. Comparison of photoelectrical properties of various Cu/TiO2 samples

. Charge
Light Light Photocurrent Band
[Cu]o . Light . Transfer
Materials Intensity Wavelength Intensity Gap Application Reference
(mM) ) Source ) Resistance
(mW/cm”) (nm) (uA/em”) (eV)
(ohm)
Cu-doped TiO,
0.08 3 uv Flashlight 2.5 >16 2.69 Rewritable Printing [1]
NPs
300 W
Cu Surface UV+Visible
. 2.23 N/A Xenon 1.6 N/A 2.95 Hydrogen Production [2]
doped TiO, Light
Lamp
. >400 (with 500 W
Cu-doped TiO,
18.55 100 blocking UV Xenon 55 N/A 2.3 Dye Degradation [3]
NPs
filter) Lamp
. >400 (with 150 W
Cu-doped TiO,
10 100 blocking UV Xenon 0.25 N/A 2.96 Viral Inactivation [4]
NPs
filter) Lamp
) UV+Visible UV+Visible
Cu-doped TiO, 165.7 100 0.1 192 2.7 Hydrogen Evolution [5]

Light LED Lights
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Cu-doped TiO,
N/A
Thin Film

Cu-doped TiO2
0.55
NPs

0.00528

100

315-400 and 5 W LED

450-950

400-800

30
Light
100 W
Visible LED 3
Light

0.61

N/A

2.9

Photoelectrochemical

6
Cells L6}

Dye Degradation and Current
Killing Bacteria Work

NPs: Nanoparticles, [Cu]o: Cu initial concentration; UV: Ultraviolet; LED:

Light-emitting diode; N/A: Not Applicable
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Supplementary Table 3. ROS generation kinetics (A) ‘'OH and (B) O:" production under
visible light irradiation at various wavelengths. The reaction rate was calculated based on

the first 40-minute results

A
Sample Kinetic Equation R?
Cu/TiO2 + Coumarin + 400 nm Filter y=0.1322x + 0.8954 0.99
Cu/TiOz + Coumarin + 420 nm Filter y=0.1117x+ 0.9677 0.99
Cu/TiOz + Coumarin + 450 nm Filter y=0.0917x + 0.8521 0.98
Cu/TiO2 + Coumarin + 500 nm Filter y =0.0009x + 0.9962 0.89
TiO2+ Coumarin + 400 nm Filter y=0.0118x + 1.0038 0.99
Coumarin + 400 nm Filter y =-0.00013x 0.85

B
Sample Kinetic Equation R?
Cu/TiO2+ XTT + 400 nm Filter y =0.0251x + 0.9785 0.99
Cu/TiO2+ XTT + 420 nm Filter y=0.0134x + 0.9911 0.99
Cu/TiO2+ XTT + 450 nm Filter y =0.0042x + 1.0143 0.93
Cu/TiO2+ XTT + 500 nm Filter y =10.0005x +0.9711 0.81
TiO,+ XTT + 400 nm Filter y =0.0035x + 1.0011 0.86

XTT + 400 nm Filter y =0.0009x + 1.0088 0.97




Supplementary Table 4. Comparison of photodegradation, antibacterial, and antibiofilm efficiency of various Cu/TiO; samples

Pseudo
[Pollutant] Light Treatment 1%-order
lo Light Wavelength
Research Materials Pollutant (ppm or Intensity Time Rate Reference
Source (nm
CFU/mL) (mW/cm?) (Hours) Constant
(min™)
Cu-doped 50 W
Methyl
Mesoporous 8 50 Xenon N/A 220-1000  1.67 - [7]
' Orange
TiO2 NPs Lamp
Photodegradation )
Cu - Doped TiO2 5000 W
Efficiency 200 RhB 5 350-800 2 0.0147  [8]
NPs LED
Cu-doped Congo Mercury
‘ 8 5800 N/A 1.67 0.0505 [9]
mesoporous TiO2 Red Lamp
Cu-doped TiO2 100 W Current
RhB 5 100 400-800 1.67 0.0341
NPs LED Work
250 W 400-700
Cu-Doped TiO>
NP N/A MRSA 4x108 Xenophot 65-85 (withUV 1.5 N/A [10]
]
Bacterial Killing bulb filter)
Efficiency 300 W
Cu-doped TiO» > 400 (with
E. coli 1.7x10*  Xenon 100 24 N/A [11]
NPs UV filter)
Lamp
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. 16 W
Cu-Doped TiO> 35 E. coli and

1.0x10° UVA 3.15 345-405 4 N/A [12]
Thin Films S. aureus
Lamp
100 W
Cu-doped TiO» Current
0.55 E. coli 1.0x10®  Visible 100 400-800 1.67 N/A
NPs Work
LED
Biofilm ) P.
CuO@TiO2
Degradation 3 aeruginosaN/A N/A N/A N/A 24 N/A [13]
Nanocomposites
Efficiency + MRSA
100 W
Cu-doped TiO» Current
0.55 E. coli N/A Visible 100 400-800 9 N/A
NPs Work
LED

NPs: Nanoparticles; MRSA: Methicillin-resistant Staphylococcus aureus; RhB: rhodamine B; UV: Ultraviolet; LED: light-emitting
diode; N/A: Not Applicable.
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