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Calculating the SERS enhancement factors (EFs) 
The SERS enhancement factors are calculated by the following equation:  𝑬𝑭 = (𝑰𝑺𝑬𝑹𝑺 × 𝑵𝑵𝑹)/(𝑰𝑵𝑹 × 𝑵𝑺𝑬𝑹𝑺) 
where ISERS and INR are the integrated peak intensities at 1078 cm-1 from SERS and 
from bulk Raman, respectively. NSERS is the number of molecules probed in the bulk 
sample, and NNR is the number of molecules adsorbed on the nanoparticles. Here we 
will use the Raman spectrum of 4-MBA solution (10 mM) to evaluate the NNR in the 
bulk. Based on our measurement setting, the diameter of illumination focus is first 
calculated by using the following equation [1]:  

 

Figure S1. During the measurement, the uniformly dark solid area is considered as core, the grey and 
translucent part is considered as the branch, and those nanoparticles with extremely abnormal size 
are ignored. The structural parameters of the AuNBr are shown (a) 10 μL; (b) 20 μL; (c) 30 μL; (d) 40 
μL; (e) 50 μL; (f) 60 μL; (g) 70 μL; (h) 80μL. The red crosses indicate the branches that are measured.  



𝑫𝒊𝒍𝒍𝒖𝒎𝒊𝒏𝒂𝒕𝒊𝒐𝒏 = 𝟏.𝟐𝟐𝝀𝑵.𝑨. ……𝑬𝒒. (𝟏)  

in which the N.A.= 0.65 the Raman spectrometer at the 785-nm wavelength. In 
addition, the penetration depth (h) of laser beam in the bulk 4-MBA is about 5.12 mm, 
thus it gives the 

𝑵𝒃𝒖𝒍𝒌 = 𝟏𝟑𝝅(𝑫𝒊𝒍𝒍𝒖𝒎𝒊𝒏𝒂𝒕𝒊𝒐𝒏𝟐 )𝟐𝒉𝒄𝑵𝑨 ……𝑬𝒒. (𝟐) 
Where c is the concentration of 4-MBA solution (10 mM), NA is the Avogadro 
constant. The above equation ultimately gives the 𝑵𝒃𝒖𝒍𝒌 = 𝟏. 𝟕𝟓 × 𝟏𝟎𝟏𝟎   

To calculate the NSERS, 20μL of 10 mM 4-MBA solution is added into 3 mL 
(𝑉 ) of Au nanoparticle colloidal solution in the quartz cuvette, forming the 
4-MBA labeled Au nanoparticle, then the excitation light of 785-nm wavelength is 
directly irradiated on the colloidal solution to collect the SERS spectra. The effective 
excitation depth is assumed as a monolayer of nanoparticle in the colloidal solution. 
The effective excitation volume is 

𝑽𝑺𝑬𝑹𝑺 = 𝝅(𝑫𝒊𝒍𝒍𝒖𝒎𝒊𝒏𝒂𝒕𝒊𝒐𝒏𝟐 )𝟐𝑹𝒑𝒂𝒓𝒕𝒊𝒄𝒍𝒆 ……𝑬𝒒. (𝟑) 
Where Rparticle is averaged radius of the nanoparticle. The number of the molecules adsorbed on 
the nanoparticles can be approximated by the volume ratio as follows: 

𝑵𝑺𝑬𝑹𝑺 = 𝑽𝑺𝑬𝑹𝑺 × 𝑵𝒔𝒐𝒍𝒖𝒕𝒊𝒐𝒏𝑽𝒔𝒐𝒍𝒖𝒕𝒊𝒐𝒏 ……𝑬𝒒. (𝟒) 
Based on Eq. (1) to Eq. (4), we have the NSERS for the cases in the experiment as follows: 

 NSERS ISERS EF 
Sample 1 4.088×103 1.66281×105 6.6×107 
Sample 2 3.404×103 1.94842×105 9.3×107 
Sample 3 3.064×103 2.01603×105 9.6×107 
Sample 4 2.724×103 2.54540×105 1.5×108 
Sample 5 2.552×103 1.35489×105 8.5×107 
Sample 6 2.248×103 7.2762×104 5.2×106 
Sample 7 2.112×103 6.2672×104 4.8×106 
Sample 8 1.960×103 3.3040×104 2.7×106 ∗ 𝐼𝑁𝑅 = 1.0813 × 104 
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Figure S2. The FEM simulated absorption spectra and near-surface electric field intensity for the 
nanoparticles synthesized with the AA of (a) 20 μL; (b) 70 μL. The electric field is extract under the 
irradiation wavelength of 785 nm  


