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S1. SERS enhancement factor calculations

For the calculation of SERS enhancement factor (EF) for analyte molecule, we used the

following standard equation

I N
SERS EF= SERS/NSERS
IRef/NRef

Where Iszrs and Irer are represented as the characteristic Raman intensity of analyte molecule
measured with the SERS substrate and reference substrate, Nsers and Nger are represented as
the number of analyte molecules attended for the SERS and reference substrate. We used the
characteristic peaks at 1079 cm™ by C-C stretching mode of the benzenethiol molecules for

Isers and Iger

Taking the adsorbate benzenethiol as an example, the largest value of the packing density

reported in the literature (6.8 * 10'* molecules/cm?)
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Figure S1 | SEM images of the GNS array on the silicon substrate observed in the different
spots (center, left top, right top, left bottom, and right bottom of the silicon substrate which has
the GNS array).
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Figure S2 | Raman spectra observed in the different spots (4 spots) with the different samples
(3 samples) and the summarized SERS intensity (the comparison with the Raman fingerprint

peak at 1071 cm™) to demonstrate the uniformity and reproducibility of SERS sensor.
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Figure S3 | Surface characteristics of flexible SERS sensors. (a) AFM image, (b) height profile
and (c) 3D image of the GNS array embedded in the PDMS film.
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Figure S4 | SEM images of the Si substrates (a) before and (b) after the transfer of GNS array
from Si substrate to PDMS. The insets are photo images of GNS array on the Si substrate before

and after the transfer of the GNS array in comparison with the bare Si substrate.
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Figure S5 | Reflectivity spectra of bare silicon, bare PDMS on Si substrate and SERS sensor
on Si substrate.
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Figure S6 | GNS-density dependent SERS activity. SEM images of different-density GNS

arrays for different coating times and the related SERS activity.
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Figure S7 | SERS activity on the apple skin. Raman spectra of thiram (10 M) molecules

adsorbed on the apple skin with and without covering of SERS sensors.



Figure S8 | (a) Optical microscope (OM) images of line-patterned Si substrate and (b) SEM
images of GNS coated line-patterned Si substrate.



Figure S9 | Characteristics of SERS sensors. (a) Photo image and (b) SEM image of SERS
sensor demonstrating the thickness of SERS film which is estimated to be ~200 pm.



Table S1 | Comparison table related to the GNS based SERS sensors.

Limit of detection Enhancement
SERS substrate Analytes (LOD) factor Ref.

Single GNS Mercaptobenzoic acid 2x103%M 107 1
APTES-functionalized surface- Nile biue A 5x 10" M 5x 106 2
assembly of GNS Rhodamine 6G 1x10°M 2x10°
Flexible PDMS/gold nanostar * Thiabendazole 2x10°M - 3
Nanho graphene oxide-wrapped Rhodamine B 15x108M ) 4
GNS
GNS for detection Uranyl 12%107M ) 5
of uranyl
GNS-Coated . . 5 -
Polystyrene Beads Mercaptobenzoic acid 1x10°M 7.5x10 6
GNS core- Aflatoxin B1 3.2x 106 M - 7
silver nanoparticle
GNS-ICG-BSA nanotags Indocyanine green 1x10*M 2.02x 106 8
Flexible AuNR/filter paper * 1,4-Benzenedithiol 1x101M 5 x 108 9
Flexible AgNP/filter paper by 4 45X 10 M 22x107 10
brushing technique
Flexible f_ree-srandmg silver R6G ) 195 x 107 ”
nanoparticles-graphene *
Flexible AuNR/PVA 3,3 -dliethylthiatri- »

N S 107*M - 12
electrospun mats carbocyanine iodide
Flexible GNS/PDMS * Benzenethiol 1x108M 1.9 x 108 This work

* Flexible SERS sensor
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