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SEM [#; (d) BRI K ORI A RLAR S5 A0 P15 (e) SRAIRITURL | ARG KBRS PMMA R & 1 WY 525 R OG5
Fig. 2. (a) SEM image of P-Si substrate; (b) SEM image of AgNPs@PMMA/P-Si substrates with AgNPs concentration of
0.75 g/mL in different magnification; (c) size distribution of AgNPs; (d) UV-vis spectra of AgNPs and AgNPs@PMMA solution.
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(a) 0.55 g/mL;

Fig. 3. (a)—(e) SEM images of AgNPs@PMMA / P-Si substrates with different concentrations of AgNPs in PMMA acetone solution:
(a) 0.55 g/mL; (b) 0.65 g/mL; (c) 0.75 g/mL; (d) 0.85 g/mL; (e) 0.95 g/mL.
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Fig. 4. (a) SERS spectra of R6G (10 7 mol/L) on the AgNPs@PMMA /P-Si substrates fabricated with different concentrations;
(b) corresponding to the Raman peak at 614 and 774 cm ! for the R6G molecule in Fig. (a).
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[&; (d) R6G 7> T-7E =45 4 SERS £ FBY4FE I IR (10 12 mol/L) FIAY-TH Si £ EAYHEII IR (10 4 mol/L) Yl g xT Lt

Fig. 5. (a) SERS spectra of R6G with concentrations from 10 ' to 10 * mol/L on the AgNPs@PMMA /P-Si with AgNPs concentra-
tion of 0.75 g/mL substrate; (b) the intensity of R6G peak at 614 cm ! and 1365 cm ! changes as a function of R6G molecule con-
centration on the AgNPs@PMMA /P-Si substrates; (c¢) schematic illustration showing the Raman detection of SERS substrates;
(d) comparison of the detection limit of the R6 G molecule on the 3D composite SERS substrate (1013 mol/L) and the detection
limit (10 * mol/L) on the planar Si substrate.
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Fig. 6. (a) Average SERS spectrum of the 107 mol/L R6G molecules from 10 random positions in the base tower of AgNPs@
PMMA /P-Si with concentration of 0.75 g/mL substrate (red line is the average of 10 SERS spectrum lines); (b) statistical diagram

of variation of Raman peak intensity at 614 cm ! is in the corresponding Fig. (a).
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Fig. 7. (a) The Raman spectra of R6G molecule with 107 mol/L on the AgNPs@PMMA/P-Si, AgNPs@PMMA /F-Si, and
AgNPs/P-Si substrates; (b) the intensity of the signal at 614 cm! of R6G (10 7 mol/L) collected with 18 days every three days re-
spectively on the AgNPs@PMMA /P-Si and AgNPs/PMMA /F-Si substrate.
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Abstract

Surface enhanced Raman scattering (SERS) is a highly sensitive spectroscopy technique, which is widely
used in chemical reaction detecting, medical diagnostics, and food analysis. The construction of the substrate
structure has a very important influence on enhancing the SERS signal of the probe molecule. In this paper, a
three-dimensional (3D) pyramid stereo composite SERS substrate is prepared by using polymethyl methacrylate
(PMMA) to encapsulate silver nanoparticles, which achieves high sensitivity detection of Rhodamine 6G (R6G)
molecules. By adjusting the dispersion density of silver nanoparticles in the PMMA acetone solution, the
effective oscillation of light in the pyramid valley is realized, which not only ensures the high-density "hot spot"
effect of the 3D structure, but also avoids deforming the adsorption probe molecules caused by the metal-
molecule interaction. It also effectively prevents the silver nanoparticles from being oxidized and provides a
larger range of electromagnetic enhancement for probe molecules, resulting in a stable output of the enhanced
Raman signal. This research result provides an effective strategy for designing a high performance and reusable
SERS substrate, meanwhile, it has important guiding significance for further designing an SERS substrate with

improved 3D structure in the future study.

Keywords: surface-enhanced Raman scattering, sliver nanoparticles, polymethyl methacrylate, three-dimensional

pyramid stereo composite structure
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