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SERS enhancement factor (EF) calculation

The total number of 4-MBA molecules present in a bulk 4-MBA was determined using the 
following equation.1,2:

𝑁𝑏𝑢𝑙𝑘 =
𝜌𝑉𝑁𝑎

𝑀
where  represents the molecular density of 4-MBA (1.489 g/cm3),  is the laser-excited volume 𝜌 𝑉

within the bulk material,   is Avogadro's constant (6.02 1023 molecules/mol), and M is the 𝑁𝑎 ×

molecular weight of 4-MBA (154 g/mol). The laser-excited volume V is calculated as V= z, 𝐴𝐿𝑎𝑠𝑒𝑟

with z being the depth of the field for the Raman spectrometer and  being the laser-irradiated 𝐴𝐿𝑎𝑠𝑒𝑟

area. For a 633 nm laser used with a 50x objective lens (0.5NA),  was found to be 2.72 μm² 𝐴𝐿𝑎𝑠𝑒𝑟

(beam radius: 0.93 μm, as shown in Figure S1a).

To establish the depth of the field (DOF, z), we utilized a single-crystal silicon wafer to map the 
depth profile of our Raman spectrometer. The silicon wafer was moved vertically in 2 μm 
increments, and the Raman spectra were recorded, as depicted in Figure S2a. Figure S2b displays 
the Raman spectra of the Si wafer as a function of the distance from the focal plane to the Si 
substrate surface. The intensity profile of the peak at 520.6 cm⁻¹, shown in Figure S1b, delineates 
the DOF as 49.4 μm. Given that the Raman scattering for bulk 4-MBA was measured at the focal 
plane on the 4-MBA bulk surface, we utilized half of the DOF value for z in our calculations.

The total number of 4-MBA molecules forming a monolayer on AuNPs was calculated using the 
equation:  

𝑁𝑆𝐸𝑅𝑆 = 𝐴𝐴𝑢𝑁𝑃𝑁𝐴𝑢𝑁𝑃𝜎
where  indicates the surface density of the 4-MBA on the AuNP surface, estimated at 5.263 nm-𝜎
2.3   is the surface area of a single AuNP (0.013 μm²) and  is the count of the AuNPs AAuNP NAuNP

within the area illuminated by the laser. The number of AuNPs,  , which is 438, was NAuNP

calculated as:

 = .𝑁𝐴𝑢𝑁𝑃 𝐴𝐿𝑎𝑠𝑒𝑟/𝐴𝐶 ‒ 𝐴𝑢𝑁𝑃𝜉

In this equation,   stands for the cross-sectional area of a single AuNP and  represents the 𝐴𝐶 ‒ 𝐴𝑢𝑁𝑃 𝜉
surface coverage rate (0.533). 



Figure S1. Laser beam (633 nm) profile and Raman intensity-depth profile based on the 
integrated intensity of the 520.6 cm-1 band for a silica wafer.



Figure S2. Schematic illustrating how a specific plane of illuminated bulk 
material (Si wafer) contributes to Ibulk, demonstrating the method for 
determining the depth dependency of the Raman signal. 
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