Electronic Supplementary Material (ESI) for Journal of Materials Chemistry C.
This journal is © The Royal Society of Chemistry 2014

Fabrication of Long-range Ordered, Broccoli-
like SERS Arrays and Application in
Detecting Endocrine Disrupting Chemicals

Jing Chen'?, Gaowu Qin'", Wen Shen?, Yiyan L3, Biswajit Das*"

1. Key Laboratory for Anisotropy and Texture of Materials (Ministry of Education),
Northeastern University, Shenyang 110819, China

2. Nevada Nanotechnology Center, Howard R. Hughes College of Engineering,
University of Nevada, Las Vegas, NV 89154-4026, USA

3. Department of Electrical and Computer Engineering, University of Nevada, Las

Vegas, NV 89154, USA

*Corresponding author. gingw@smm.neu.edu.cn (G. W. Qin), dasb@unlv.nevada.edu

(B. Das).

1. Field emission scanning electron microscopy (FE-SEM) images of SiO, colloidal
crystal-assisted Ag surface-enhanced Raman spectroscopy (SERS) substrates at
different deposition time.

Figure S1 reveals the corresponding FE-SEM images of Ag SERS substrates after
deposition of Ag nanoparticles onto the SiO; colloidal crystal template for 90 s, 180 s,
and 300 s, respectively. The nanostructure in Figure S1b presents a broccoli-shaped

SERS array morphology. The nanoparticles with a close interparticle distance on each
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“flower head”, together with a greater roughness in Figure S1b suggest this broccoli-
like nanostructure is an ideal SERS array. So 180 s was set as the deposition time

used for the following deposition.
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Figure S1 FE-SEM images of Ag SERS substrates after deposition of Ag
nanoparticles onto the SiO, colloidal crystal template for (a) 90 s, (b) 180 s, and (¢)
300 s, respectively.

2. Enhancement factors (EFs) calculation

The EF is one key factor to assess the performance of SERS substrates. Here,
rhodamine 6G (R6G) was employed as the probe molecule. 10> M of R6G solution
was used for normal Raman detection, and 10 pL of 10* M R6G solution was dripped
onto Si0; colloidal crystal-assisted Au, Ag SERS substrates, respectively for SERS

detection.

The most widely used definition for EF isl!]
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where Iy, and I, are the integrated intensities of R6G molecules adsorbed on the
above Au or Ag SERS substrate and from 102 M of R6G bulk solution, respectively.
Nyyr and Ny are the corresponding numbers of R6G molecules adsorbed on the
SERS substrate and in the bulk solution effectively illuminated by the laser beam,
respectively.
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where 4 is the area of the laser focal spot, 4 is the confocal depth of the laser, and /4 is
13 um according to our previous work,? ¢, is the concentration of R6G bulk
solution, here ¢;,;=102 M, N, is the Avogadro constant.

Provided that R6G molecules were in monolayer adsorption on the Au and Ag
SERS substrate:

Nyg= Csurf V/2VAA

nr
where ¢y, is the concentration of R6G solution for SERS, c¢,~10* M, v is the
volume of R6G solution used for SERS detection, v=10 pL, 7 is the radius of 10 uL of
R6G solution formed on the SERS substrate, »=3.5 mm.

Figure S2a, S2b are the normal Raman spectrum of 10 M of R6G solution and
SERS spectrum of 10 M of R6G solution acquired from the above broccoli-shaped
Au SERS substrate, respectively. The integrated intensities of the bands for /7, (1511
cm™!) and I, (1508 cm™) are 646 and 144915 cps, respectively. Considering the
different incident laser power for normal Raman spectrum and SERS spectrum
acquisition, and the different number of molecules in each unit volume,?! I,/
Ly =144915x10%/ 646.

Finally, the EF of this SiO, colloidal crystal-assisted Au SERS substrate can be
calculated as 1.12x107,

The integrated intensity of the band for /(1511 cm™) in Figure S2c is 187189
cps. Similarly, the EF of this SiO, colloidal crystal-assisted Ag SERS substrate can be

calculated as 1.45x107. It should be noted that both the EFs of Au and Ag SERS

arrays here refer to the spatially averaged values over the entire laser focal spot.[*]



Each SERS spectrum in Figure S2b, S2c is an average result of the five detections in

Figure 2a, 2b, respectively.
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Figure S2 (a) Normal Raman spectrum of 102 M R6G solution. Laser power: 80 mW.
SERS spectrum of 10* M R6G solution acquired from SiO, colloidal crystal-assisted
(b) Au and (c) Ag SERS substrates (the deposition time were both 180 s), respectively.
Laser power: 0.8 mW.
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