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12
13 Figure S1. SEM image of ZnSe (A) and EDS mapping image (B) Zn, (C) Se
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15

16 Figure S2. (A) Comparison of normalized SERS signals of MB at different Zn2+ contents, (B) comparison of the 

17 normalized SERS intensity of the MB Raman peak at 1600 cm⁻¹
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Figure S3. Effect of Er doping on the XRD characteristic peaks of ZnSe: (A) original diffraction patterns, (B) 
(111) plane, (C) (220) plane, and (D) (311) plane

Figure S4. Fluorescence spectra of Er-ZnSe under different excitation wavelengths: (A) 500 nm, (B) 365 nm



Figure S5. (A) Linear relationship between the Raman intensity of the MB characteristic peak at 1600 cm⁻¹ and 

concentration, along with reproducibility; (B) variations among different batches; and (C) measurements at 

different spots

Calculation of Enhancement Factor
The enhancement factor (EF) was calculated using the data from Figure 4C and Equation S1[1]：

𝐸𝐹=（
𝐼𝑆𝐸𝑅𝑆
𝐼𝑅𝑎𝑚𝑎𝑛） × (𝑐𝑅𝑎𝑚𝑎𝑛𝑐𝑆𝐸𝑅𝑆 )#(𝑆1)

where  and  represent the Raman intensity of the probe molecule MB under SERS and normal 𝐼𝑆𝐸𝑅𝑆 𝐼𝑅𝑎𝑚𝑎𝑛

conditions, respectively, and  and  are the corresponding concentrations of MB used in the 𝑐𝑆𝐸𝑅𝑆 𝑐𝑅𝑎𝑚𝑎𝑛

measurements. The EF value was estimated to be approximately 1.74 × 104.
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22 Figure S6. Mott–Schottky (M–S) plots of ZnSe with different Er doping levels: (A) ZnSe, (B) 2%, (C) 4%, (D) 6%, 

23 and (E) 8%; and UV–vis DRS: (F) ZnSe, (G) 2%, (H) 4%, (I) 6%, and (J) 8%
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25
26 Figure S7. Raman spectra of plastics: (A) PE, (B) PET, (C) PTFE, and (D) SERS-enhanced spectrum of PTFE
27
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29

30 Figure S8.Comparative study of SERS performance in ZnSe with various dopants
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32

33 Table S1.  determined under 785 nm laser excitation𝜌𝐶𝑇

Er doped 𝜌𝐶𝑇(1) 𝜌𝐶𝑇(2) 𝜌𝐶𝑇(3) ̅𝜌𝐶𝑇
0% 0.27886 0.29761 0.29048 0.28898
2% 0.27237 0.32145 0.33359 0.30913
4% 0.27053 0.25377 0.29663 0.27364
6% 0.24566 0.26039 0.26464 0.25689
8% 0.27344 0.26884 0.27047 0.27092
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37 Table S2. Raman characteristic peaks of PE, PTFE, and PET and their corresponding vibrational mode assignments

Sample Structure Simplified Characteristic Peak (cm-1) Vibration Type

2871 CH2 asymmetric stretching vibration
2843 CH2 symmetric stretching vibration

PE 1426 CH2 bending vibration
1282 CH2 twisting vibration

1045、1113 All-trans stretching vibration of the 
C–C backbone

1368 Associated with the amorphous 
phase or defects

1283 C–F asymmetric stretching vibration
1203 C–F symmetric stretching vibration

PTFE 720 Symmetric stretching vibration of 
the C–C backbone

557、586 CF2 bending vibration
369 Backbone deformation vibration of 

the helical chain
277 Lattice vibration of the helical 

conformation

3071 Aromatic ring C–H stretching 
vibration

2955 CH2 asymmetric and symmetric 
stretching vibrations

1710 C=O stretching vibration
PET 1600 C–C stretching vibration of the 

benzene ring skeleton
1270 Coupled vibration of C(O)–O 

stretching and benzene ring
840 Out-of-plane C–H bending vibration 

of the benzene ring
615 In-plane deformation vibration of 

the benzene ring



Table S3. Comparison of the LOD and EF of this work with previous reports for SERS substrates enhancing non-

resonant molecules

SERS Substrates Probe LOD/M EF Laser/nm Mechanism

Ag-ZnSe nanowires[2] R6G 10-11 6.92×107 532 CM

Ag-ZnSe/HMM[3] R6G 10-12 3.14×108 532 CM

MoO2/ZnSe nanocomposites[4] MB 10-8 5.03×105 532 CM

Ag@ZnSe[5] 4-MBA -- 8.79×105 514 CM+EM

Twin-ZnSe nanowires[6]

CuPc/MoS2
[7]

Ti3C2Tx MXene[8]

MoS2/TiO2
[9]

CV

MB

MB

MB

10−8

10-10

10–8

10-13

3.02×105

6.29106

6.7×106

2.09×106

532

532

532

532

CM

CM

CM

CM

Er-ZnSeThis work MB 10-7 1.74×104 785 EM+CM
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