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Calculation of limit of detection (LOD) 

The standard curve of linear detecting range was given as:

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

where A and B are intercept and slope of regression equation obtained through the plot of the 

logarithmic SERS intensity (Y) – logarithmic concentration (X).  

The LOD is calculated using the following equation 1:

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

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

respectively.

SD is calculated via the well-known formula:

                                                               (3)
𝑆𝐷 =

1
𝑛 ‒ 1

  
𝑛

∑
𝑖

(𝑥𝑖 ‒  𝑥𝑎𝑣𝑒𝑟𝑎𝑔𝑒)2 

where xi if the “i” sample of the series of measurements, xaverage is the average value of SERS 

signal obtained from the blank sample repeated n times.

Calculation of relative standard deviation (RSD)

The RSD value of repeatability and reproducibility is calculated via the well-known formula:

RSD =                                                                                                                                 (4)

𝑆𝐷 ×  100 
𝑥𝑎𝑣𝑒𝑟𝑎𝑔𝑒

where SD is the standard deviation that calculates using equation 4 and xaverage is the average 

value of SERS signal obtained from each measurement. 



Figure S1:  DLS measurements of (a) e-Ag-O, (b) e-Ag-C and (c) e-Ag-bio.

Figure S2:  Zeta potential of (a) e-Ag-O, (b) e-Ag-C and (c) e-Ag-bio. Inset the pH values 

of three samples.

Figure S3:  The molecular structure of thiram



Figure S4: SERS spectra of thiram at concentration 10-5 M with three kinds of e-Ag 

substrates

Figure S5: Absorption spectra of a mixture of thiram solution and e-Ag-O solution over an 

incubation period of 55 min 



Figure S6: Linear response at (a) 928 cm-1, (b) 1382 cm-1 of thiram with concentration 

range from 10-4 M to 10-9 M
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