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Calculation of the size of AuNPs
 The diameter of the AuNPs was calculated according to the following equation [1]:
d(nm) = 2.511 λmax(nm) - 1294.8
λmax is the maximum absorption wavelength of Au NPs. In this work, λmax is 533 nm. d is the diameter of the Au NPs, and the value of 43.6 nm was obtained through calculation.

Calculation of the band gap energy of F-ZnO MPs and S-ZnO MPs
[bookmark: OLE_LINK3]The band gap energy of the semiconductor was determined based on the UV–Vis absorption spectra and calculated using the Tauc equation:

α is the absorption constant,  is the Planck constant,  is the frequency,  is the constant,  is the semiconductor band gap width, ZnO is a direct bandgap semiconductor n = 1/2.

Determination of the energy level diagram of F-ZnO MPs and S-ZnO MPs
Based on the Mott–Schottky plot (Figure 4B), The flat-band potential (Efb) was determined from the intercept of the linear portion of the curve on the voltage axis, yielding Efb (vs. Ag/AgCl) = -1.17 V. This value was subsequently converted to the normal hydrogen electrode scale, resulting in Efb (vs. NHE) = -0.97 V. Further calculations provided the conduction band (ECB) and valence band (EVB) potentials, with ECB = -1.07 V and EVB = 2.03 V. When referenced to the vacuum energy level (0 eV), the prepared S-ZnO exhibits ECB = -3.783 eV and EVB = -6.883 eV.
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Fig. S1 XRD patterns of (A) F-ZnO MPs and F-ZnO-Au MPs, (B) S-ZnO MPs and S-ZnO-Au MPs 
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Fig. S2 XPS spectra of ZnO (a), Zn 2p (b), O1s(c), and ZnO-Au (d), Zn 2p (e), Au (f) 

[bookmark: OLE_LINK30][image: ][image: ]Fig. S3 SERS spectra of 4-MPy on substrates fabricated through adding different volume of reducing agent (1% trisodium citrate) (A, C) and reaction with different time (C, D). (A, B) are for F-ZnO MPs and (C, D) are for S-ZnO MPs

Fig. S4 SERS spectra of 4-MPy on F-ZnO-Au MPs (A) and S-ZnO-Au MPs (B) collected by using different laser
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Fig. S5 SERS spectra of 4-MPy with different concentrations on (A) F-ZnO-Au MPs and (B) S-ZnO-Au MPs 

Calculation of EF
The enhancement factor (EF) of S-ZnO-Au MPs for 4-MPy was calculated according to the follow formula:
         EF = (CRaman ISERS) / (CSERS IRaman )
[bookmark: OLE_LINK54][bookmark: OLE_LINK55][bookmark: OLE_LINK56]Where CRaman (here is 1×10-1 mol/L) is the concentration of 4-MPy could generate normal Raman signal and CSERS (here is 1×10-8 mol/L) is the concentration of 4-MPy on S-ZnO-Au MPs. ISERS  (ISERS = 6567, reading from SERS spectrum in Figure S6) and IRaman (IRaman=1195, reading from Raman spectrum in Figure S6) are the SERS intensity of 4-MPy on S-ZnO-Au MPs and the normal Raman intensity of 4-MPy at 1105 cm−1, respectively. Raman spectrum of 4-MPy and SERS spectrum of 4-MPy on S-ZnO-Au MPs are shown in Figure S6. Put the above values into the formula, EF of 5.5×107 is obtained: 
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Fig. S6 (a) Raman spectrum of 4-MPy (1×10-1 mol/L) and (b) SERS spectrum of 4-MPy (1×10-8 mol/L) on the substrate of S-ZnO-Au MPs

















[image: ]Fig. S7 3D Raman spectra of 4-MPy on S-ZnO-Au MPs and corresponding histogram at 1105 cm-1: (A, B) Raman response from randomly selected 20 points on the same substrate; (C, D) Raman response with the change of storage time; (E, F) Raman response among different batches substrates









[image: ]Fig. S8 Raman spectrum of MBT and its SERS spectrum on S-ZnO-Au MPs

[bookmark: OLE_LINK34][bookmark: OLE_LINK35]Table S1. The assignments of bands in SERS spectrum of 4-MPy on S-ZnO-Au MPs substrates.
	Wavenumber/cm-1
	Assignments

	1031
	ring breathing

	1064
	β (CH) b2

	1107
	[bookmark: OLE_LINK38][bookmark: OLE_LINK39]ν (ring breathing) / ν (C-S)

	1219
	β (CH)

	1320
	ν (C-H) b2

	1588
	ν (C-C) with deprotonated nitrogen

	1602
	ν (C-C) with protonated nitrogen










Table S2. The assignments of bands in a SERS spectrum of MBT on S-ZnO-Au MPs substrates.
	Wavenumber/cm-1
	Assignments

	397, 609, 637, 716
	ν(C-S)

	496, 1112
	β (C-H) in plane 

	893
	β (C-H) out plane

	1127
	β (C-H)

	1242, 1323, 1395, 1506
	ν (C-C)

	1372
	ν(C=N) 

	1593
	ν (C-H) in plane



[bookmark: OLE_LINK64][bookmark: OLE_LINK65]The limit of detection of the S-ZnO-Au MPs for the detection of MBT by confocal Raman systems:
According to the stand of IUPAC, the limit of detection (LOD) was calculated following the formula:
LOD=3
The RSD value is the relative standard deviation for repeating the same experiment.
The BEC value is the absolute value of the intercept between the linear regression equation and the x-axis. 
The specific formula is as follows:
[bookmark: _Hlk81043772]LOD = 310-8.73 mol/L= 1.4210-10 mol/L


[1] Muhammad Iqbal, Gisele Usanase, Kafia Oulmi, Fairouz Aberkane, Tahar Bendaikha, Hatem Fessi, Nadia Zine, Géraldine Agusti, El-Salhi Errachid, Abdelhamid Elaissari. Preparation of gold nanoparticles and determination of their particles size via different methods. Materials Research Bulletin 79 (2016) 97–104.
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