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S1. Whether the sonication process could damage the bacteria.
To verify the viability of bacteria (E. coli, P. aeruginosa and S. aureus) under our sonication condition (20 kHz, 70 W for 7 min), we compared the number of CFUs of bacteria cultures before and after sonication. Figure S1 shows photographs of the bacterial culture plates. The number of CFUs is essentially the same before and after sonication for all bacteria, considering the measurement errors. This result confirms that our sonication condition is mild enough not to damage and deactivate bacteria themselves.
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Figure S1. Photographs of the bacterial culture plates before and after sonication.   



S2. Whether the sonication process could detach all the bacteria adhering to the membrane surface.
An experiment was carried out to compare the number of the bacteria attached on the membrane surface cleaned without or with sonication. Membranes were soaked into bacteria solutions and cultured at 37 C for 2 h. One membrane was cleaned twice with a PBS solution without sonication, while the other one was cleaned with a PBS solution, followed by sonication (70 W, 20 kHz, 7 min). Figure S2 shows the SEM surface images of the membranes cleaned without and with sonication. A number of bacteria (indicated by arrows) were present on the membrane surface cleaned without sonication, while bacteria were not visible on the surface cleaned with sonication. This result indicates that our sonication condition (20 kHz, 70W, 7 min) is strong enough to detach all the bacteria adhering to the membrane surface.
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Figure S2. SEM surface images of the membranes cleaned without and with sonication. Black arrows denote the bacteria attached on the membrane surface.

S3. Immobilization of uncapped AgNPs on the membrane surface.
First, AgNPs were synthesized by reducing silver nitrate (AgNO3) with sodium borohydride (NaBH4) in the absence of any capping agent. 50 mL of 1 mM AgNO3 was added to 50 mL of 10 mM NaBH4 solution using a dropping funnel (1 mL/6 sec). The prepared AgNPs suspension has dark brown color as shown in Figure S3, indicating poor NP dispersion containing NP aggregates. Then, the prepared AgNPs were immobilized on the cycteamine-modified TFC (TFC-SH) membranes by following the same protocol (reaction time of 24 h) described in the manuscript. The SEM surface images of the AgNP-coated membranes were also shown in Figure S3. Poorly dispersed NPs with severe NP aggregates were clearly observed, mainly resulting from poor dispersion of NPs in the solution.
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Figure S3. Schematic of the fabrication of the AgNP-coated membrane using uncapped AgNP suspension and SEM surface images of the prepared membranes. Dotted circle denotes AgNP aggregates.



S4. Stability of AgNP@SiO2 particles on the membrane surface during performance test.
The stability of AgNP@SiO2 particles was further evaluated under the cross-flow test operating at 15.5 bar, 25C, and 1 L/min for extended filtration time up to 150 h. The SEM surface images of membranes as a function of filtration time were shown in Figure S4. The particle surface coverage estimated using ImageJ software was essentially unchanged even after filtration time of 150 h, further verifying the excellent stability of AgNP@SiO2 particles.
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Figure S4. SEM and corresponding black and white images of the TFC-AgNP@SiO2 membrane surface (a and d) before performance test and after test (b and e) for 48 h and (c and f) 150 h.



S5. Calculation of the amount of silica loaded on the membrane surface. 
The total amount of SiO2 (W, weight per unit membrane area) on the membrane (prepared with deposition time of 24 h and particle concentration of 7.5  108 particles/mL) can be calculated to be 6.453 g cm-2 from the particle surface coverage (11 %) using the following simple equation, 



Where A is the area occupied by SiO2 particles per unit membrane area (0.11 cm2/cm2 for 11% surface coverage), r is the radius of SiO2 particle (200 nm) and  is the density of amorphous silica (2.2 g cm-3). It is assumed that the size of SiO2 particle is the same as that of Ag@SiO2.
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