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1.Chemicals

Chloroauric acid (HAuCly), sliver nitrate (AgNO3), sodium bromide (NaBr), potassium iodide (KI),
sodium chloride (NaCl), Sodium thiosulfate pentahydrate (Na,S,03), sodium hydroxide (NaOH),
hydrazine hydrate (HH), hydroxylamine hydrochloride (HONH;CI), crystal violet (CV), hydrogen
peroxide (30 % aqueous solution, 30 % H,0,), were provided by Sinopharm Chemical Reagent Co.,
Ltd. Potassium rhodanide (KSCN), hydroquinone (HQ), 1,2-dihydroxybenzene(catechol),
sulfacetamide (SA), sulfamethazine (SMT), polyvinylpyrrolidone (PVP), Polyvinyl alcohol (PVA),
Polyethylene glycol sorbitan monolaurate (Tween-20), and were provided by Macklin. Nile blue
(NB), sulfapyridine (SPY), sulfamerazine (SMR), sulfamonomethoxine (SMM), and
sulfachloropyridazine (SCP) were provided by Aladdin. sulfamethoxazole (SMX) was purchased
from Shanghai Civi Chemical Technology Co., Ltd.

2. Instrument

UV-Vis absorption spectra were recorded from a Thermo Scientific NanoDrop 2000/2000C
spectrophotometer. Confocal Raman spectra were obtained on a Renishaw inVia Raman microscope
(UK). All spectra were obtained under the same conditions, with a 50x objective lens used for
amplification, a 785 laser used as the excitation light source, 1 s as the exposure time, and 0.3 mW as
the laser power. TEM images were obtained using a Talos F200X G2 (Thermo Fisher Scientific) with

an accelerating voltage of 200 kV.

3.Preparation of different nanoparticles

3.1 Preparation of low-background nanoparticles

20 pL of different reducing agents (HQ, HH, HONH;CI and catechol) with a concentration of 0.1M
and 10 pL of 1mM KI were added to 70 pL of deionized water to mix evenly, and the above mixed
solution was added to 890 pL of deionized water containing 10 pL. of 50 mM chloroauric acid.

The preparation method of low background substrate using other ions as protective agent is the same.
3.2 Preparation of high-background nanoparticles

Appropriate amounts of different protective agents PVA (0.5%), PVP (0.5%), Tween20 (0.5%) were
added to 50 pL of deionized water and mixed evenly. The mixture was then added to 980 pL of

deionized water containing 10 pL of 50 nm chlorauric acid.


https://www.chemsrc.com/en/cas/80-32-0_161656.html

4.SERS detection of organic dyes and sulfonamide antibiotics

Organic dyes are NB, CV. Sulfanilamide antibiotics are SA, SPY, SMM, SMR, SMX, SMT, SCP.
AuNPs colloidal solution of 1.0 pL (concentrated 100 times by centrifugation) was deposited on the
silicon wafer by solvent evaporation method. Subsequently, the wafers were immersed in 200 pL
solutions of each organic dye or sulfanilamide antibiotic for 30 minutes before SERS spectral

analysis.

5. SERS characterization of the photodegradation of SMR

5 mL of a 103 M SMR solution was placed in a clean surface dish and subjected to photodegradation
under a UV lamp. Samples (200 pL) were collected at 5-10 minutes intervals. Silicon wafers with
LB-AuNPs substrate was then immersed in each collected sample for 30 minutes before SERS

spectral analysis.

6. Corrosion resistance testing

6.1 Resistance of gold and silver nanoparticles to hydrogen peroxide corrosion in colloidal state
A series of eight 1 mL aliquots of gold colloid nanoparticle solution were prepared. To these,
increasing volumes (0-70 pL) of 0.01 M hydrogen peroxide solution were added in 10 pL increments.
After a 5-minute reaction, UV-Vis absorption spectra were recorded for each sample. The silver
colloid nanoparticles were analyzed using the same method.

6.2 Experiments on the resistance of gold and silver substrates to hydrogen peroxide corrosion
To investigate the corrosion behavior of LB-AuNPs and LB-AgNPs substrates in the presence of
H-0:, samples of LB-AuNPs and LB-AgNPs were deposited onto the surface of silicon wafers. The
prepared substrates were then immersed in 200 puL of a 107 M NB solution. Following, 10 pL of 0.1
M H:O: solution was added to initiate the corrosion reaction. The evolution of the Raman signals of
NB molecules was monitored in situ using the SERS technique. The total reaction time was set to 10
minutes, with spectra collected at 5-second intervals, resulting in a total of 120 spectra. By analyzing
the temporal variation of the characteristic SERS peaks of NB, the corrosion effects of H202 on both
LB-AuNPs and LB-AgNPs substrates were systematically evaluated. The above experimental details

were added to the supporting information.



7. Bacterial toxicity test

7.1 Preparation of Culture Media:

Fluid nutrient mediumwas prepared by dissolving 10 g tryptone, 5 g yeast extract, and 10 g NaCl in
1 L deionized water, followed by sterilization at 121°C for 20 min using an autoclave. To prepare the
solid medium, 5 g AGAR powder is added to each 250 mL liquid medium above to dissolve it

completely. Pour the dissolved medium into a sterile petri dish, about 15-20 mL per dish, and store it

upside down in a refrigerator at 4°C for later use after solidification. All media should be tested for

sterility before use to ensure no microbial contamination.

7.2Bacterial Culture and Cytotoxicity Assessment:

Escherichia coli (E. coli) was selected as a biological model to evaluate the cytotoxicity before and
after SMR degradation. The preserved E. coli strains were removed from the refrigerator at -80°C,
inoculated on the surface of solid medium with sterile inoculation ring lines in a super-clean
workbench, and cultured in a constant temperature incubator at 37°C for 12-16 h until a single colony
was formed. A single colony was selected and inoculated in 5 mL liquid medium and incubated in a
constant temperature shaking table at 37°C and 240 rpm for 6h, so that the bacteria entered the
logarithmic growth phase. Take 1 mL of logarithmic bacterial solution, centrifuge it at 4°C and 8000
rpm for 5 mins, and discard the supernatant. The bacteria were re-suspended with PBS buffer and
centrifugally washed three times. Finally, the bacterial solution was diluted with PBS buffer to the
target concentration of 10°-10° CFU/mL. The 100 pL diluted bacterial solution was inoculated into
the liquid medium containing SMR and its degradation products, and a blank control group
(containing only the medium), an SMR experimental group (containing undegraded SMR), and a
SMR control group (containing degraded SMR) were set up. The inoculated medium was cultured in
a constant temperature shaking table at 37°C and 240 rpm, and the ODg, value was measured at 10
h and 14 h, respectively, to evaluate the effects of SMR and its degradation products on the growth
of E. coli.

8. Machine leaning for analysis of SERS data

Transpose the raw data of LB-AuNPs substrate test for different sulfonamides into the table. All data

were divided into training set and test set, 10 characteristic values were extracted from sulfanilamide



antibiotics, and LDA analysis of sulfanilamide antibiotics data was carried out using origin2021

software.

9. DFT Calculation Methods

Gaussian 16 program package is applied to density functional theory (DFT) calculations()). Geometry
optimizations were executed with B3LYP function using 6-3 1G (d) basis set for all atoms®.
Meanwhile, the solvation effect was considered by the Solvation Model based on Density (SMD).
10. Supporting figures
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Figure S1. (A) The UV-Vis spectra and real image of nanoparticles prepared by addition of different
ligands ((1) none; (i1) iodide; (iii) thiosulfate ion; (iv) thiocyanogen ion; (v) bromide ion) using
HONHj;Cl as reductant. (B) The UV-Vis spectra and real image of nanoparticles prepared by addition
of different ligands ((i)none; (i1) 1odide; (ii1) thiosulfate ion; (iv) thiocyanogen ion; (v) bromide ion)
using catechol as reductant.

Figure S2. The TEM images of nanoaggregates prepared by addition of different ligands ((A) iodide;
(B) thiosulfate ion) using HONH;Cl as reductant.



Figure S3. The TEM images of nanoaggregates prepared by addition of different ligands ((A) iodide;
(B) thiosulfate ion; (C) thiocyanogen ion) using catechol as reductant.

Figure S4. TEM images of AuNPs synthesis with different traditional surfactants (A: PVA; B: PVP;

C: Tween-20).
(A)

Figure S5. Real images of LB-AuNPs (A) and LB-AgNPs (B) in hydrogen peroxide solution.



Figure S6. (A) LB-AuNPs real images under the microscope before (i) during (ii) and after (iii)
hydrogen peroxide corrosion.; (B) LB-AgNPs real images under the microscope before (i) during (i)
and after (ii1) hydrogen peroxide corrosion.




Figure S7. (A) LB-AuNPs SEM image before (i) and after (ii) hydrogen peroxide corrosion.; (B) LB-
AgNPs SEM image under before (i) and after (i1) hydrogen peroxide corrosion.
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Figure S8. SERS spectra by LB-AuNPs substrate for the detection of TMB, TMB-H,0, mixture, and
TMB-H,0,-HRP mixture.
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Figure S9. Comparative SERS spectra of PATP acquired using LB-AuNPs substrate and LB-AgNPs
substrate
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Figure S10. Line plot of SERS peak intensity at 1365 cm™' with (A) and without (B) hydrogen
peroxide as a function of degradation time.

F: TMS 4 ¢ ESIFulms [50.00-2000 00 o
o
100 a o

\X/N N CHy
90 S
. e
a0 H

Ralatve haun e
5 5 &8 KB B

256
; { 1 2150 T } -

i 15483 1238 | <79 125333 ;o7 WSS - 17135 as VTV l:mf I,
o] ma wss) dl.Lilt J\ M bdsll oo e \ P S Ao B (s o [ 8748 s0416

Y -ty u ¥ ooy
50 100 180 200 250 00 350 &0 450 500
e

Figure S11. Mass spectrometry detection of SMR photodegradation products.
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Figure S12. Degradation pathway of SMR.
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Figure S13. Bacteriostatic inhibition of SMR before and after degradation. The experimental groups
(no SMR, SMR before degradation, and SMR after degradation) were co-cultured with bacteria and
evaluated for their effect on bacterial growth at 10 and 14 hours, respectively.
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Table S1. Molecular weight, molecular formulae and structural formulae of the four possible
degradation products of SMR.
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