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Calculation of limit of detection (LOD)

The calibration curve for the linear detection range was obtained as follows:

                                                                   (1)𝑌 = 𝐴 + 𝐵  𝐿𝑜𝑔(𝑋) 

where A and B represent the intercept and slope of the regression equation derived from the 

logarithmic plot of SERS intensity (Y) versus analyte concentration (X).

The LOD is calculated using the following equation(1):

                                                                    (2)𝐿𝑂𝐷 = 10
[(𝑌𝑏𝑙𝑎𝑛𝑘 +  3𝑆𝐷)/𝑌𝑏𝑙𝑎𝑛𝑘 ‒ 𝐴]/𝐵

where Yblank and SD denote the SERS signal and the standard deviation of the blank sample, 

respectively.

The standard deviation (SD) was determined using the well-known expression:

                                                                    (3)
𝑆𝐷 =

1
𝑛 ‒ 1

  
𝑛

∑
𝑖

(𝑥𝑖 ‒  𝑥𝑎𝑣𝑒𝑟𝑎𝑔𝑒)2 

where xi is the value obtained from the i-th measurement, and xaverage represents the average signal 

of the blank sample acquired over n replicate measurements.

Calculation of enhancement factor (EF)

The EF value was determined using a well-established equation that has been widely adopted in 

previous studies(2, 3):

                                                        (4)
𝐸𝐹 =

𝐼𝑆𝐸𝑅𝑆

𝐼𝑅𝑎𝑚𝑎𝑛
 ×  

𝑁𝑏𝑢𝑙𝑘

𝑁𝑠𝑢𝑟𝑓𝑎𝑐𝑒



3

where ISERS and IRaman denote the Raman intensities of the analyte measured with and without the 

SERS substrate, respectively. Nbulk represents the number of analyte molecules sampled in the 

conventional Raman measurement, whereas Nsurface corresponds to the number of molecules 

probed under SERS conditions.

Nbulk can be calculated following:

                                             
𝑁𝑏𝑢𝑙𝑘 =

𝐴𝑙𝑎𝑠𝑒𝑟 × ℎ ×  𝜌

𝑀
 ×  𝑁𝐴

(5)

where Alaser, h, ρ and m represent the laser spot area, focal length, density of the solid analyte, and 

its molecular weight, respectively; and NA
 is Avogadro’s number.

Nsurface can be expressed as:

                                (6)
𝑁𝑠𝑢𝑟𝑓𝑎𝑐𝑒 =

𝐶 × 𝑉
𝐴𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒

 ×  𝑁𝐴 ×  𝐴𝑙𝑎𝑠𝑒𝑟

where C, V, Asubstrate denote the analyte concentration, the drop-casted volume, and the substrate 

area, respectively; NA
 is the Avogadro’s number; and Alaser is the laser spot area.

Thus EF can be calculated as:

                                                                                   (7)
𝐸𝐹 =

𝐼𝑆𝐸𝑅𝑆

𝐼𝑅𝑎𝑚𝑎𝑛
 ×  

𝑁𝑏𝑢𝑙𝑘

𝑁𝑠𝑢𝑟𝑓𝑎𝑐𝑒
 =  

ℎ × 𝜌 ×  𝐴𝑠𝑢𝑏𝑠𝑡𝑟𝑎𝑡𝑒

𝑀 × 𝐶 × 𝑉

In our case, IRaman is Raman signal intensity without SERS substrate of methylene blue (MB), h = 

2 µm, ρMB = 1.757 g/cm3, MMB = 320 g/mol, Asubstrate = 4 mm2, V = 5 µL.

Calculation of relative standard deviation (RSD)

The RSD values for repeatability and reproducibility were determined using the standard formula:
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RSD =                                                                                                                                 (8)

𝑆𝐷 ×  100 
𝑥𝑎𝑣𝑒𝑟𝑎𝑔𝑒

where SD, determined from Eq. (3), represents the standard deviation, while xaverage is the average 

SERS intensity derived from the repeated measurements.
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