Calculation of Enhancement Factor (ER)

The Enhancement Factor (EF) of R6G can be calculated as:

EF = (ISERS / IRaman) × (NRaman / NSERS)

Here, ISERS represents the peak intensity of the 611 cm−1 peak in the SERS spectrum, while IRaman corresponds to the peak intensity of the same vibrational mode in the bulk solution of R6G molecules. For the SERS measurement, 20 μL of a 10-5 M R6G solution was drop-cast onto the 0.5 mm x 0.5 mm substrate. For bulk Raman analysis, the microscope lens was directly immersed in a 10-5 M R6G solution. Both spectra were recorded using a 633 nm laser under identical conditions, with an exposure time set to 10 s for a single accumulation.

VSERS represents the volume of R6G droplets dispersed on the substrate (VSERS = 20 μL), SLaser is the calculated laser beam area on the substrate surface (SLaser = πr2 = 3.14 × 10-12 m2, where r = 1 × 10-6 m), and SSERS represents the diffusion area of R6G droplets on the substrate. In the experiment, 20 μL droplets were evenly distributed over the entire 4 mm diameter, resulting in SSERS = 1.26 × 10-5 m2. The volume of the R6G solution that produces Raman scattering, VLaser, was calculated as 3.78 × 10-10 m3.

Consequently, the number of R6G molecules illuminated by the laser can be calculated as follows: 

NSERS = CSERS × VSERS × (SLaser / SSERS) × NA = 3 × 107

Then, the number of R6G molecules illuminated during normal Raman detection is determined as: 

NRaman = CRaman × VLaser × NA = 1.13 × 1010

Using the provided parameters, the Enhancement Factor (EF) is calculated as follows: 

EF = (ISERS × NRaman) / (IRaman × NSERS) = (13372 × 1.13 × 1010) / (500 × 3× 107) = 1 × 105

