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Molecules: SERRS and SEF effects" 
 

Enhancement Factor (EF) 

The EF calculation was based on Le Hu and Etchegoin7, as following: 

𝐸𝐸𝐸𝐸 =

𝐼𝐼𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑁𝑁𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝐼𝐼𝑆𝑆𝑆𝑆
𝑁𝑁𝑆𝑆𝑆𝑆

 

where, ISERS is the SERS intensity of a specific band, NSERS is the number of the molecules adsorbed onto the 

nanoparticle surface in the scattering volume, IRS is the Raman intensity of the same band considered in SERS, 

NRS is the number of the molecules in the scattering volume.  

 

Step 1: determination of the amount of the AuNRs present in the sample: 

Based on the procedure described by Scarabeli et al.8, the concentration of Au precursor entirely 

reduced on the surface of the growing rods is calculated by selection wavelength position that is associated to 

the interband transitions in metallic Au, i.e., absorbance at 400 nm, where the value of 1.2 for this absorbance 

corresponds to the Auo concentration of 0.5. Therefore, normalizing by the UV-vis spectrum we found a 

concentration of 45x10-3 mol/L of Auo. The AuNR colloid was diluted to a concentration of 27x10-3 mol/L 

and kept as a stock colloid. The SERRS and SEF measurements were carried out using a AuNR colloid volume 

of 250 μL and diluted with ultrapure water to a final volume of 3 mL (described in details in the experimental 

section and summarized in Table 1 of the manuscript), resulting in a concentration of 2.25x10-3 mol/L of Auo, 

which corresponds to 6.75x10-6 mol of Auo and 8.42x109 of AuNRs (in 3 mL), according to the following 

calculation.  
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Table S1 – Raman band assignments for NiTsPc powder and in aqueous solution  

(1.0x10-2 mol/L), and SERRS assignments for NiTsPc (1.6x10-5 mol/L) using AuNR 

colloid. 

Powder Solution SERRS  Assignments References 

510 510  isoindole deformation 1 

602 601 601 Pc ring breathing 1 

689 692 692 Pc ring breathing 1 

752 754 752 Pc ring breathing 1 

968 971  benzene breathing 1 

1123 1127  C-H bending 2,3 

1188 1188 1186 SO3 stretching 1 

1270 1273  C-H bending 1 

1337 1341 1338 pyrrole stretching 1,2 

1425 1425  Isoindole stretching 1 

1463 1463  Isoindole stretching 2 

1555 1560 1561 Isoindole stretching 2 

 

Table S2 – Raman band assignments for MB in aqueous solution (1.0x10-2 mol/L), and 

SERS assignments for MB (5.5x10-5 mol/L) using AuNR colloid. 

Solution SERS  Assignments References 

450 455 Skeletal deformation of C-N-C 4–6 

503 502 Skeletal deformation of C-N-C 4–6 

774 775 In-plane bending of C-H 4–6 

1187  Stretching of C-N 4–6 

1305  In-plane ring deformation of C-H 4–6 

1405 1401 Symmetrical stretching of C-N 4–6 

1456 1446 Asymmetrical stretching of C-N 4–6 

1504  Asymmetrical stretching of C-C 4–6 
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1629 1625 Ring stretching of C-C 4–6 

 

i) amount of Au0 

2.25x10-3 mol Au ____________ 1 L 

             X mol Au ____________ 3x10-3 L (3 mL) 

             X = 6.75x10-6 mol Au0 in 3 mL 

 

    𝑛𝑛 (𝑛𝑛º 𝑚𝑚𝑚𝑚𝑚𝑚) = 𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 (𝑔𝑔)
𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀𝑀 𝑊𝑊𝑊𝑊𝑊𝑊𝑔𝑔ℎ𝑡𝑡 ( 𝑔𝑔

𝑚𝑚𝑚𝑚𝑚𝑚)
→  𝑚𝑚 = 𝑛𝑛 𝑥𝑥 𝑀𝑀𝑀𝑀 = (6.75𝑥𝑥10−6 )𝑥𝑥 (197) →   

                                                             m = 1.33x10-3 g Au0 in 3 mL 

 

ii) amount of AuNRs 

AuNR volume = π.r2.h = π .(7.5 x 10-6 cm3)2 . (46.10-6 cm3) = 8.13x10-15 cm3 

𝑑𝑑𝑑𝑑𝑛𝑛𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 (𝜌𝜌) = 𝑚𝑚
𝑉𝑉
→ 𝑚𝑚 = 𝜌𝜌𝑥𝑥𝜌𝜌 = 19.3 � 𝑔𝑔

𝑐𝑐𝑚𝑚3� 𝑥𝑥8.13x10−15cm3 → 𝒎𝒎 = 𝟏𝟏.𝟓𝟓𝟓𝟓𝟓𝟓𝟏𝟏𝟏𝟏−𝟏𝟏𝟏𝟏 𝒈𝒈 for one AuNR. 

Amount of AuNRs = (total mass of Au)/(mass of one AuNR) = 8.47x109 AuNRs in 3 mL. 

 

Step 2: determination of the amount of CTAB molecules around of the AuNRs and target molecules in 

solution 

i) Considering the surface area (S) of one AuNR as S = L.w.π, where L is the length (46 nm), w the 

width (15 nm), in our case the AuNR has an S = 2167 nm2 (average). 

 

ii) Based on9, the CTAB molecule occupy an area of 38 Å2 (38x10-2 nm).. 

 

iii) 𝐴𝐴𝐴𝐴𝐴𝐴𝑆𝑆 𝑀𝑀𝐴𝐴𝑀𝑀𝑠𝑠𝑀𝑀𝑐𝑐𝑊𝑊 𝑀𝑀𝑀𝑀𝑊𝑊𝑀𝑀
𝐶𝐶𝐶𝐶𝐴𝐴𝐶𝐶 𝑀𝑀𝑀𝑀𝑊𝑊𝑀𝑀

= 𝟐𝟐𝟏𝟏𝟐𝟐𝟓𝟓 𝒏𝒏𝒎𝒎𝟐𝟐

𝟏𝟏𝟑𝟑𝟓𝟓𝟏𝟏𝟏𝟏−𝟐𝟐𝒏𝒏𝒎𝒎𝟐𝟐 = 𝟓𝟓𝟓𝟓𝟓𝟓𝟏𝟏𝟏𝟏𝟏𝟏 CTAB molecules around one AuNR. 

 

iv)                          1 AuNR ____________ 5.7x103 CTAB molecules 

8.47x109 AuNRs (step 1) ____________ Z CTAB molecules 
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Z = 4.83x1013 CTAB molecules 

 

Considering the amount of CTAB molecules as the number of active sites for the adsorption of the 

target molecules, one could expect the amount of target molecules coating the AuNRs in the 3 mL is also 

4.83x1013.  

 

v) Mols of the target molecules in the 3 mL sample (solution): 

Considering a same molar concentration of the sample in different volume, we can represent as [target 

molecule] = 𝑛𝑛 (𝑚𝑚𝑀𝑀𝑀𝑀)
𝑉𝑉 (𝐿𝐿)

  𝑛𝑛1 (𝑚𝑚𝑀𝑀𝑀𝑀)
𝑉𝑉1 (𝐿𝐿)

= 𝑛𝑛2 (𝑚𝑚𝑀𝑀𝑀𝑀)
𝑉𝑉2 (𝐿𝐿)

  1.0𝑥𝑥10−2 (𝑚𝑚𝑀𝑀𝑀𝑀)
1 (𝐿𝐿)

= 𝑛𝑛2 (𝑚𝑚𝑀𝑀𝑀𝑀)
3.0𝑥𝑥10−3 (𝐿𝐿)

n2 = 3.0x10-5 mol. 

 

vi) N (nº of target molecules in the 3 mL solution): 

                1 mol ____________ 6.022x1023 target molecules 

     3.0x10-5 mol ____________ N 

                                                    N = 1.81 x1019 target molecules 

The procedure (vi) was applied for all samples investigated here (NiTsPc and MB at fixed 

concentrations). However, the number of target molecules used in the SERRS and SEF measurements (Table 

S3) is higher than the number of CTAB molecules coating the AuNRs (in 3 mL of sample volume - 4.83x1014 

). Thus, the EF calculation described in Step 3 was carried out using the value of CTAB molecules(4.83x1014). 

Table S3 - concentration and number of target molecules in the 3 mL sample. 

Molecule Measurements Concentration (mol/L) nº molecules 

NiTsPc Raman 10-2 1.81x1019 

 SERRS 1.6x10-5 2.89x1016 

    

MB Raman 10-2 1.81x1019 

 SEF 5.5x10-5 9.94x1016 
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Step 3: EF determination 

𝐸𝐸𝐸𝐸 =
𝐼𝐼𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝑁𝑁𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝐼𝐼𝑆𝑆𝑆𝑆𝑆𝑆
𝑁𝑁𝑆𝑆𝑆𝑆𝑆𝑆

= 𝐼𝐼𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝐼𝐼𝑆𝑆𝑆𝑆𝑆𝑆

 ×  𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆
𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

= 9012
28425

 ×  1.81𝑥𝑥1019

4.83𝑥𝑥1013
 =12x104 ~ 105.  

𝐸𝐸𝐸𝐸 =
𝐼𝐼𝑆𝑆𝑆𝑆𝑆𝑆
𝑁𝑁𝑆𝑆𝑆𝑆𝑆𝑆
𝐼𝐼𝑆𝑆
𝑁𝑁𝑆𝑆

= 𝐼𝐼𝑆𝑆𝑆𝑆𝑆𝑆
𝐼𝐼𝑆𝑆

 ×  𝐴𝐴𝑆𝑆
𝐴𝐴𝑆𝑆

= 127819
24838

 ×  1.81𝑥𝑥1019

4.83𝑥𝑥1013
= 193x104 However, since the laser power used to record the 

SEF signal was 100 times greater, the EF is ca. 1.93x104 ~ 104. 

It is important mentioning that NRRS (or NF) is the number of target molecules in the 3 mL sample 

(solution) and NSERRS (or NSEF) is the number of target molecules coating the AuNR in the 3 mL sample 

(colloid). Because the scattering volume V is the same for both solution and AuNR colloid, the proportion of 

the number of target molecules in the V volume in relation to the number of target molecules coating the 

AuNRs in the volume V is kept, i. e.: 

3 mL -------------------- Ni (Ni is NSERRS or NRRS or NSEF or NF) 

      V ---------------------NV 

      Then, 𝑁𝑁𝑊𝑊 = 3 𝑚𝑚𝐿𝐿 × 𝐴𝐴𝑉𝑉
𝑉𝑉

 or 𝑁𝑁𝑉𝑉 = 𝑉𝑉 × 𝐴𝐴𝑖𝑖
3 𝑚𝑚𝐿𝐿

. 

 

Quantitative analysis 

Table S4 summarizes the values of the aliquots and the respective stock solution used to analyse the 

concentration effect of the NiTsPc on SERRS signal using AuNR colloid. The values of total volume and 

concentrations calculated are also listed. After each standard addition, six SERRS spectra were collected.  

Table S4 – Preparation of the samples (AuNRs+NiTsPc) used in the SERRS measurements 

by multiple standard additions. 

Stock solution 

(mol/L) 

Volume 

added 

(μL) 

The total volume of 

the sample (μL) 

Concentration in the 

sample (mol/L) 

1.0x10-5 50* 450 1.11x10-6 

3.3x10-4 10 460 8.27x10-6 



6 
 

10 470 1.51x10-5 

10 480 2.17x10-5 

20 500 3.41x10-5 

20 520 4.00x10-5 

30** 550 6.00x10-5 

50** 600 8.25x10-5 

*None SERS signal was observed in the first addition.  

**SERRS signal out of linear range of the concentration. The calculation  was taken to account for an initial 

volume of 400 μL of AuNRs. 

 

Limit of detection (LOD) 

The LOD was calculated considering the integrated area of the SERRS band at 752 (Pc ring breathing) 

and 1338 cm-1 (pyrrole stretching) as follow: 

𝑳𝑳𝑳𝑳𝑳𝑳 =  
𝟏𝟏𝟓𝟓𝟑𝟑𝑳𝑳
𝟑𝟑

 

where SD is a standard deviation of the “AuNR colloid Raman signal” in the absence of the NiTsPc (noise) 

and S is the slope of the regression equation (sensitivity). The calculation of the parameters is described in 

detail below. 

Signal/noise of the AuNR colloid background - standard deviation (SD) 

The values of the standard deviation of the “AuNR colloid SERRS signal” in the absence of the NiTsPc 

(noise) were obtained from the integrated area in the range from 744 to 765 cm-1 and 1296 to 1373 cm-1. The 

integrated area values, the average, and the respective standard deviation are summarized in Table S5. 

Table S5 – Absolute values of the integrated area from the Raman spectra of the 

AuNR colloid. 

Number of 

measurements 

Integrated area 

744 to 765 cm-1 1296 to 1373 cm-1 

1 788 3273 
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2 678 3181 

3 666 3360 

4 811 2417 

5 603 2449 

Average 709.2 2936 

Standard deviation 87.6 463.6 

 

Calibration curve – Slope (S) calculation 

The calibration curve was obtained from the integrated area of the band at 752 cm-1 and 1338 cm-1 

from the six consecutive SERRS spectra (Table S6 and S7, respectively). The plot of the calibration curve 

was obtained considering the average of integrated area (Y axis) versus the concentration of the NiTsPc (X 

axis, see Table S4). 

Table S6 – Absolute values of the integrated area at 752 cm-1 for the SERRS spectra of NiTsPc 

using AuNR colloid obtained from multiple standard addition method. 

[NiTsPc] 

(mol/L) 
M1 M2 M3 M4 M5 M6 Mean 

Error 

(yEr±) 

8.27x10-6 2034 3150 2602 3149 3751 3430 3019.3 613.7 

1.51x10-5 5899 5670 6001 5983 4329 6156 5673 677.4 

2.17x10-5 8502 10386 9616 10444 4581 9971 8916.7 2238.8 

3.41x10-5 17507 18635 11455 26914 16836 5803 16191.7 7119.6 

4.00x10-5 19934 24175 23229 21655 19708 20081 21463.7 1888.8 

8.27x10-6 2034 3150 2602 3149 3751 3430 3019.3 613.7 

M = number of measurements (spectra collected). 

Table S7 – Absolute values of the integrated area at 1338 cm-1 for the SERRS spectra of 

NiTsPc using AuNR colloid obtained from multiple standard addition method. 

[NiTsPc] 

(mol/L) 
M1 M2 M3 M4 M5 M6 Mean 

Error 

(yEr±) 
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8.27x10-6 4161 5984 4668 5662 5285 6516 5379.3 864.5 

1.51x10-5 7085 8449 8111 10106 9593 10612 8992.7 1336.7 

2.17x10-5 17736 18316 15154 19181 17581 17637 17600.8 1342.8 

3.41x10-5 31046 28618 23561 49509 44289 12770 31632.2 13491.7 

4.00x10-5 32638 49477 37118 42262 34961 34645 38516.8 6297.7 

8.27x10-6 4161 5984 4668 5662 5285 6516 5379.3 864.5 

M = number of measurements (spectra collected). 

The linear fitting obtained from the linear range of the concentration of NiTsPc (8.3x10-6 to 4.0x10-5 

mol/L) provides the respective equations: 

Band at 752 cm-1  Area of band (Y) = -1923.9+5.52x108[NiTsPc] (X) 

Band at 1338 cm-1  Area of band (Y) = -5405.6+1.08x109[NiTsPc] (X) 

The Table S8 summarizes the parameters obtained from the quantitative analyses and used in the LOD 

calculation (3xSD/S). 

Table S8 - Parameters obtained from the calibration curve and used in the LOD calculation 

from equation (3xSD/S). 

 Band at 752 cm-1 Band at 1338 cm-1 

Fitting equation Y= -1923.9+5.52x108[NiTsPc] Y= -5405.6+1.08x109[NiTsPc] 

Slope (sensitivity) 5.52x108 1.08x109 

Standard deviation* 87.6 463.6 

LOD (mol/L) 4.8x10-7  1.3x10-6 

* Standard deviation of the SERS signal of the AuNRs in the absence of NiTsPc (Table S4). 
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Figure S1 – SERRS spectra of NiTsPc at different concentrations in AuNR colloid. (A) Increasing the SERRS 

intensity with increasing the NiTsPc from 8.3x10-6 to 8.2x10-5 mol L-1. Inset: SERRS spectra of NiTsPc from 

(A) applying the baseline correction. Variation of the SERRS intensity at (B) 752 and (C) 1338 cm-1 with 

increasing the NiTsPc concentration. Enhancement factor determined using the normalization from molar 

concentration ratio for the bands at (D) 752 and (E) 1338 cm-1. Enhancement factor determined using the 

normalization by the number of NiTsPc molecules coating the AuNR surface for the bands at (F) 752 and (G) 

1338 cm-1. 
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The EF factor was obtained following the equation 𝐼𝐼𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
[𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆]

/ 𝐼𝐼𝑆𝑆𝑆𝑆𝑆𝑆
[𝑆𝑆𝑆𝑆𝑆𝑆]

 for Figures S1D and S1E and the 

equation  𝐼𝐼𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆
𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆

/ 𝐼𝐼𝑆𝑆𝑆𝑆𝑆𝑆
𝐴𝐴𝑆𝑆𝑆𝑆𝑆𝑆

 for Figures S1F and S1G. The concentrations of molecules from Table S9 was used 

for EF values shown in Figures S1D and S1E, while the EF shown in Figures 1SF and Figure 1SG was 

calculated considering the number of CTAB molecules coating the AuNRs (4.83x1013). 

Table S9 - concentration and number of NiTsPc in the 400 μL of the sample. 

Concentration (mol/L) mol in 400 μL nº of molecules 

8.3 x10-6 3.3 x10-9 2.0 x1015 

1.5 x10-5 6.0 x10-9 3.6 x1015 

2.2 x10-5 8.7 x10-9 5.2 x1015 

3.4 x10-5 1.4 x10-9 8.2 x1015 

4.0 x10-5 1.6 x10-9 9.6 x1015 

6.0 x10-5 2.4 x10-9 1.4 x1016 

8.2 x10-5 3.3 x10-9 2.0 x1016 

 

 

The uncertainty (error bars) in the EF as a function of NiTsPc concentration could be related to factors 

such as: i) AuNR shape; ii) CTAB coverage; iii) NR-NR interactions (dimer formation). i) Some nanorods 

can be present as nonhemispherical shape, which may contribute to a decrease in the number of CTAB 

molecules available for the adsorption of NiTsPc estimated here. ii) We have considered an ideal coverage of 

the AuNRs by the CTAB molecules, which may not be fully true, mainly at the ends of the AuNRs, also 

decreasing the number of CTAB molecules available for the adsorption of NiTsPc. iii) The increase in NiTsPc 

concentration decreases the zeta potential of the AuNRs, which allow the interaction between AuNRs forming 

dimers, also decreasing the available surface to CTAB adsorption. These possibilities unclear our efforts to 

measure the EF from SERRS measurements with better accuracy, but can be directly based on decreases of 

adsorption sites. Finally, a broader range of  NiTsPc concentrations, including concentrations that would lead 

to the number of NiTsPc lower than the number of CTAB coating the AuNRs, should be considered in further 
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investigations to allow a better understanding of the adsorption process of the NiTsPc (or any other analyte) 

onto the AuNRs coated with the CTAB bilayer.  
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