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Fig. S1. (A) TEM image; (B) UV-Vis spectra; (D) Size distribution. (E) Zeta potential of the 
AgSs
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A representative TEM image (Figure S1a) shows that the obtained AgSs have a regular and 

monodisperse morphology, with an average diameter of approximately 5±2 nm. DLS analysis 

further confirmed a monomodal size distribution in aqueous dispersion, with an average 

hydrodynamic diameter of about 13.7 nm (Figure S1b). Zeta potential measurements indicated that 

the AgSs exhibited a negative surface charge in deionized water, suggesting good colloidal 

stability. Furthermore, the UV-Vis spectra of the AgSs suspensions revealed a distinct plasmon 

resonance absorption peak centered at 405 nm, which is characteristic of small spherical silver 

nanoparticles.
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Fig. S2. SEM images of GS-BANs obtained with different concentration of AgNO3: (A) 0.5, (B) 

1, (C) 2, (D) 5, (E) 10, (F) 15), (G) 20, (H) 30 mM. All scale bar is 2µm.
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(E) (F) (G) (H) 𝐿 = 352±152 nm𝐿 = 313±115 nm𝐿 = 204±78 nm 𝐿 = 220±95 nm

𝐿 = 194±61 nm𝐿 = 110±12 nm𝐿 = 55±8 nm 𝐿 = 72±10 nm
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Fig. S3. Size distribution histograms (n =100) of GS-BANs obtained with different concentration of 
AgNO

3
: (A) 0.5, (B) 1, (C) 2, (D) 5, (E) 10, (F) 15), (G) 20, (H) 30 mM. 
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(A) (B) (C) (D)

(E) (F) (G) (H) 𝐿 = 40±3 nm𝐿 = 42±4 nm𝐿 = 72±20 nm𝐿 = 120±18 nm

𝐿 = 322±121 nm𝐿 = 394±50 nm𝐿 = 204±78 nm𝐿 = 250±100 nm

Fig. S4. Size distribution histograms (n =100) of GS-BANs obtained with different concentration of citric 
acid/citrate: (A) 7.5 mM citric acid, (B) 15 mM citric acid, (C) 30 mM citric acid, (D) 60 mM citric acid; 

mixed citric acid and sodium citrate in molar ratios (E) 4:1, (F) 1:1; (G) 15 mM sodium citrate; (H) 30 
mM sodium citrate. 

The enhancement factor (EF) is a crucial parameter for assessing the performance of a 

SERS substrate. To determine the EF of the fabricated GS-BANs, a reference Raman spectrum 

was first recorded from a 10-2 M R6G solution drop-cast on a glass slide. Subsequently, the SERS 

spectrum was acquired from a 10-11 M R6G solution deposited on the GS-BANs substrate. The 

corresponding spectra are presented in Fig. S5. At the characteristic Raman band of 610 cm-1, the 

absolute intensity of the SERS peak was measured to be 161, compared with 207 for the standard 

Raman signal. The EF was calculated using the equation: EF = (ISERS/CSERS)/(IRS/CRS) where ISERS 

is the SERS signal at CSERS concentration of R6G and IRS is the Raman signal under non-SERS 



conditions at CRS concentration of R6G . Based on this calculation, the GS-BANs substrate 

exhibited an EF of approximately 7.7×108.
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Fig. S5. (a) Normal Raman spectrum of a 10-2 M R6G solution drop-cast on a bare glass slide; 

(b) SERS spectrum of a 10-11 M R6G solution obtained from deposition on GS-BAN substrates.

Similarly, the enhancement factor for CV was evaluated at the characteristic Raman band 

located at 910 cm-1. The SERS spectrum obtained from a 10-10 M CV solution on the GS-BANs 

substrate exhibited an absolute peak intensity of 632, compared to 611 for the normal Raman 

spectrum of a 10-2 M CV solution on bare glass (Fig. S6). Applying the same formula, the 

calculated EF value was on the order of 9.5×107. In addition, the enhancement factor for MG was 

calculated at its characteristic Raman band at 1610 cm-1. The SERS spectrum of a 10-9 M MG 

solution deposited on the GS-BANs substrate showed a peak intensity of 631 whereas the 

corresponding normal Raman spectrum of a 10-1 M MG solution on the glass exhibited a peak 

intensity of 1107 cm-1 (Fig. S7). Using the EF expression, the resulting EF was determined to be 

on the order of 5.7×107.
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Fig. S6. (a) Normal Raman spectrum of a 10-2 M CV solution drop-cast on a bare glass slide; 

(b) SERS spectrum of a 10-10 M CV solution obtained from deposition on GS-BAN substrates.
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Fig. S7. (a) Normal Raman spectrum of a 10-1 M MG solution drop-cast on a bare glass slide; (b) 

SERS spectrum of a 10-9 M MG solution obtained from deposition on GS-BAN substrates.


