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Fig. S1. Digital images of WCAs on copper alloy substrates: WCA on the bare copper alloy (a), WCA 

of the Cu-sheet after chemical etching (b), WCA of the copper substrate after immersion in silver nitrate 

solution (c), and water CA of copper alloy plate after thermal annealing treatment (d).
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Fig. S2. EDS investigation of the samples: (a) non-coated copper alloy, (b) surface of the etched copper 
alloy (c) surface of the copper alloy after immersion in the aqueous solution of AgNO3, and (d) the image 
of copper alloy on which Ag-NPs were coated and then finally annealed.
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1. Experimental Parameters Affecting the Wettability

1.1.  The concentration of the Coating solution

It is a key step to find out the factors that affect the surface wettability of the copper 

alloy. It was focused on the immersion concentration and immersion time which affects 

wettability (Wang et al., 2015). The proper immersion concentration of the concerned 

solutions and immersion time are important, which provide hydrophobicity on the 

complete surface. Fig. S3 demonstrates the variation in static water contact angles 

towards the surface of copper alloy through the immersion concentrations and 

immersion time, separately. The sheets of copper alloy were chemically etched with 

2M HNO3 solution for 7 minutes. Thereafter these etched substrates were dipped in the 

aqueous solution of silver nitrate of 0.0035, 0.045, 0.0055, 0.0065, 0.0075, and 0.0085 

mmol with the constant immersion time of 20 minutes, and thermal annealing treatment 

is performed in the electric oven at constant temperature scale of 155 °C for 1 hour.

Fig. S3. WCAs of the as-prepared surfaces for 7 min in 2 mol·L-1 HNO3 solution while 
immersed in 5.5 mmol·L-1 AgNO3 solution for 20 min, followed by annealing at 155 ºC for 1 h 
along with different concentrations of AgNO3 solutions. 

The most excellent static water CA of 158±1° was observed, which showed up in 

the aqueous AgNO3 solution of 5.5 mmol L-1 as well as adding the CAs of static water 

at different focuses were similarly greater than 150°. Consequently, the concentration 

impact of the aqueous solution of AgNO3 does not make much difference, it may be 

valuable for the construction of larger surface areas, and, after that, it may advance 

industrially. 
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1.2.  Immersion Time

The effect of immersion time on the surface wettability was also investigated at the 

different immersing time intervals for the copper substrate (Song et al., 2012). The 

samples were immersed in the 5.5 mmol silver nitrate solutions that chemically reacted 

for 5, 10, 15, 20, 25, 30, and 35 minutes under similar conditions that appeared in Fig. 

S4. The WCAs obtained are approximately 141±1°, but the most significant static water 

CA of 158±1° was obtained by 20 min immersing, as represented in Fig. 3(d-f), which 

demonstrated superhydrophobicity.

Fig. S4. WCAs of the as-prepared surfaces for 7 min in 2M HNO3 solution while immersed in 
5.5 mmol·L-1 AgNO3 solution for 20 min, followed by annealing at 155 ºC for 1h along with 
different immersion times.

Our sharp observation for the immersion time is under 15 minutes, and the sizes of the 

dendritic structures that appeared in Fig. 3(c-f). Through the rise of time for immersion, 

the structures expanded progressively as the dependable dimensions appeared. 

1.3.  Annealing Temperature 

Fig. S5 represents the static WCAs relation with annealing time and annealing 

temperature separately. After immersion, the copper alloy sheets were vertically dipped 

in a 5.5 mmol aqueous solution of silver nitrate for up to 20 minutes. After that, the 

substrate surface is thermally annealed in an electric oven at different temperatures 

(125, 135, 145, 155, 165, 175, and 185 °C), separately for 1 hour as seen in Fig. S3. 
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Moreover, the WCA obtained up to 146±1° except for the annealing temperature of 160 

°C(Velayi and Norouzbeigi, 2018). 

Fig. S5. WCAs of the as-prepared surfaces for 6 min in 2M HNO3 solution while immersed in 
5.5 mmol·L-1 AgNO3 solution for 20 min, followed by annealing at 155 ºC for 1 h along with 
different annealing temperatures.

Subsequently, more mass-like structures showed up on the surfaces until the point when 

the surface was entirely secured with this new structure. Just with a reasonable 

immersion time, it fabricates the superhydrophobic surface. The experiment was 

repeated several times, especially for annealing temperature, and a perfect Ag-NPs 

@SHS was obtained only at 155°C. 

1.4.  Annealing Time

The annealing is a vital parameter to impart the superhydrophobicity on substrates 

(Zhao et al., 2022). The immersed copper alloy sheets were annealed at 155°C for 

different times (30, 40, 50, 60, 70, 80, and 90) minutes, individually shown in Fig. S6. 

The superhydrophobic surface with WCA greater than 140±1°and the SA above 12± 2° 

is determined after annealing the substrate at 155°C for 45 minutes. A perfect SHS 

(representing the WCA of 158±1° and SA of less than 2°) was fabricated when the 

annealing time and thermal annealing temperature were 60 minutes and 155°C. The 

thermal annealing time primarily affects the surface wettability. When the time was 

between 45 to 75 minutes, all results were measured, and the annealing temperature 

was assumed a vital tool for wettability. Thus, the annealing temperature (155°C) and 

annealing time (60 minutes) is the optimum condition.
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Fig. S6. WCAs of the as-prepared surfaces for 7 min in 2M HNO3 solution while immersed in 
5.5 mmol·L-1 AgNO3 solution for 20 min, followed by annealing at 155ºC for 1 h along with 
different annealing times.

It was observed that at below and above thermal annealing temperature of 155°C the 

growth of beads-like spherical shapes of the Ag nanoparticles and their attachment on 

the copper substrate surfaces occurs, and even the surface morphologies are also 

affected by changing the time interval from 60 minutes. Sritharan et al, reported that 

Ag–Cu intermetallic is willing towards oxidation when thermally annealed Ag-Cu is 

kept in the open air, most likely showing a designing perspective, and both the 

annealing temperature and time impact: on the morphology, surface wettability, 

stability, robustness, and durability of the SHS(Xu et al., 2011). In our investigation, 

the ideal temperature of annealing and time is concluded. Just the perfect conditions 

directed that develop the ideal superhydrophobic surface.
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Fig. S7. 3D-images of surface morphology of samples captured by AFM: sample (W) is a non-coated 
copper alloy (a), sample (X) is the chemically etched sheet of copper alloy (b), sample (Y) is a sheet of 
copper alloy on which Ag-NPs were coated (c), and the sample (Z) was obtained after the thermal 
annealing of Ag-NPs coated copper alloy (d).
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Fig. S8. Images of distribution of Ag-NPs. The 1D and 2D pattern of distribution of Ag-NPs 
(w and x), while the different views of the 3D texture of silver nanoparticles followed by 
annealing at 155 ºC for 1 h of annealing times.

Fig. S9. The HOMO and LUMO of three molecular systems. (a) Ag-NPs, (b) Ag-NPs + SA and (c) Ag-

NPs + SA @copper. LUMO is a universally known acronym for lowest unoccupied molecular orbital, 

whereas, HOMO is for highest occupied molecular orbital, in molecular orbital theory. The HOMO and 

LUMO energy levels of these molecular systems were likely investigated or compared, potentially 

through DFT calculation.
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Fig. S10. EIS analysis of samples: Potentiodynamic polarization curves of non-coated and the Ag@SHS 
coated copper alloy. Bode modulus plots of bare copper alloy (curve M), and the (curve N) for Ag-NPs 
+SA@SHS of copper alloy, and the (c) indicated the curve (M) for non-treated copper alloy while curve 
(H) for Ag-NPs@SHS attained by Nyquist test.
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Fig. S11. Environmental stability of the coated sheet of copper alloy by Ag-NPs @SA.



12

Fig. S12. U.V–Visible spectra of MB: MB in the presence of X3 and reaction color change, (a). 
U.V–Visible spectra of MB in the presence of X2, (b). The plots of ln (Ct/C0) versus degradation 
time in the presence of X3, X2, and X1 and photodegradation of MB versus the catalyst cycles 
for X3 (d).
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Fig. S13. Observation of the surface after photodegradation: (XRD) surface structure of 
Ag-NPs @SHS coated copper alloy. 



14

 

Fig. S14. Observation of the surface after photocatalysis: (XRD) surface structure of 
coated aluminum substrate (a), SEM image after several cycles of continuous 
degradation, and inset WCA of 1401 before the self-healing (a) and after the self-
healing along with WCA of 1561(b).
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Fig. S15. Observation of the surface after degradation: Surface morphology of the 
superhydrophobic surface composed of Ag-NPs, fabricated on the copper alloy after 
photodegradation of the dyes.
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