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S1. SERS enhancement factor calculations 

For the calculation of SERS enhancement factor (EF) for analyte molecule, we used the 

following standard equation 

SERS EF= 
𝐼𝑆𝐸𝑅𝑆/𝑁𝑆𝐸𝑅𝑆 

𝐼𝑅𝑒𝑓/𝑁𝑅𝑒𝑓 
 

Where ISERS and IRef are represented as the characteristic Raman intensity of analyte molecule 

measured with the SERS substrate and reference substrate, NSERS and NRef are represented as 

the number of analyte molecules attended for the SERS and reference substrate. We used the 

characteristic peaks at 1079 cm-1 by C-C stretching mode of the benzenethiol molecules for 

ISERS and IRef.   

Taking the adsorbate benzenethiol as an example, the largest value of the packing density 

reported in the literature (6.8 * 1014 molecules/cm2) 

 

 

 

 

 

 

 

 

 



 

Figure S1 | SEM images of the GNS array on the silicon substrate observed in the different 

spots (center, left top, right top, left bottom, and right bottom of the silicon substrate which has 

the GNS array). 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S2 | Raman spectra observed in the different spots (4 spots) with the different samples 

(3 samples) and the summarized SERS intensity (the comparison with the Raman fingerprint 

peak at 1071 cm-1) to demonstrate the uniformity and reproducibility of SERS sensor. 
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Figure S3 | Surface characteristics of flexible SERS sensors. (a) AFM image, (b) height profile 

and (c) 3D image of the GNS array embedded in the PDMS film.  

 

 

 

 

 

 

 

 

 

 



 

 

Figure S4 | SEM images of the Si substrates (a) before and (b) after the transfer of GNS array 

from Si substrate to PDMS. The insets are photo images of GNS array on the Si substrate before 

and after the transfer of the GNS array in comparison with the bare Si substrate. 

 

 



 

Figure S5 | Reflectivity spectra of bare silicon, bare PDMS on Si substrate and SERS sensor 

on Si substrate.  
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Figure S6 | GNS-density dependent SERS activity. SEM images of different-density GNS 

arrays for different coating times and the related SERS activity. 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S7 | SERS activity on the apple skin. Raman spectra of thiram (10-4 M) molecules 

adsorbed on the apple skin with and without covering of SERS sensors. 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S8 | (a) Optical microscope (OM) images of line-patterned Si substrate and (b) SEM 

images of GNS coated line-patterned Si substrate. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure S9 | Characteristics of SERS sensors. (a) Photo image and (b) SEM image of SERS 

sensor demonstrating the thickness of SERS film which is estimated to be ~200 μm.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table S1 | Comparison table related to the GNS based SERS sensors. 
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