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Figure S1. The typical Raman spectra of monolayer CVD graphene on top of an Au/SiOz substrate
after transfer. The low intensity of D peak demonstrates the high quality of CVD graphene. Insert:

the optical image of the substrate with graphene after transferring.
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Figure S2. SEM images of gold films with thicknesses from 3 to 9 nm deposited on (a) glass/Au, (b)
Au/SiO2/Au and (c) Au/SiO2/graphene/Au substrates.

Table S1. AFM measurements of the gold film thickness of glass/Au structures.

glass/Au
h(sensor), nm h, nm MSE, nm
3 43 0.3
4 6.1 0.3
5 6.2 0.3
6 8.7 0.3
7 8.3 0.2
8 9.1 0.3
9 97 0.3

Table S2. Average parameters of ultrathin gold films on glass/Au structures.

h(sensor), nm occupancy, % average particle size, nm
3 51.1 11.3
4 53.1 15.4
5 58.0 20.0
6 66.3 36.3
7 715 —
8 75.4 —
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Table S3. Average parameters of ultrathin gold films on Au/SiO2/Au structures.

h(sensor), nm

occupancy, %

average particle size, nm

3

O 0 N O U1 =

49.3
53.8
56.4
63.7
67.7
71.3
79.9

9.3
17.2
19.6
34.8

Table S4. Average parameters of ultrathin gold films on Au/SiOz/graphene/Au structures.

h(sensor), nm

occupancy, %

average particle size, nm

3

O 0 g O U1 &

57.9
64.3
69.0
74.1
83.1
85.2
87.9

28.3
69.2
89.2
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Figure S3. Calculated spectra of reflectance, absorbance in different gold layers in the Au/SiO2/Au
structure with h(sensor) = 3 nm and SiO2 layer with a thickness of (a) 40 nm and (b) 20 nm. The
optical properties of the sub-percolation gold layer were homogenized using the Maxwell-Garnett
approximation. (c) Calculated absorbance and reflectance of the nano-Au film on a semi-infinite

SiOz2 substrate.



Nanomaterials 2021, 11, 3205

40f5

Au/Si0,/Au Au/Si0,/Graphene/Au glass/Au
50
—3nm ——3nm
(a)40-—4nm (b)4o-—;nm (c) 0
—5nm ~——5nm
4 — —6
g s 2,
204 ——8nm ?20‘—8 nm =
e ——9nm ~ 9 nm ~-40
Q Q
10+ 3]
L x 0_‘ o —3nm
0 604 4nm
—5nm
=104 -80{——6nm
2 20| ——7nm
2 100 2
30— . . . . , . . . . ; ; : : , , , . : - r
400 600 800 1000 1200 1400 1600 400 600 800 1000 1200 1400 1600 400 600 800 1000 1200 1400 1600
o Wavelength (nm) % Wavelength (nm) 0 Wavelength (nm)
d) T—sm (e) |[—s3m (f) =3
——4 nm 4 nm 35 ]——4nm
—5nm 40 ——5nm ——5nm
30{——6nm 1——6nmm 30{——6nm
=7 nm —7nm ——7nm
—_ ———8nm o ———8nm —~25{——8nm
© ——9nm ~30{——9nm » ——9nm
£ 20 £ € 20
20 154
10 104
104 5]
0

400 600 800

Wavelength (nm)

1000 1200 1400 1600 400 600

800 1000 1200 1400 1600

Wavelength (nm)

400 600 800 1000 1200 1400 1600
Wavelength (nm)

Figure S4. Dependence of the real and imaginary parts of dielectric function of the thin gold films
in (a,d) Au/SiO2/Au, (b,e) Au/SiOz/graphene/Au and (c,f) glass/Au structures.
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Figure S5. Ellipsometric figures of merit (FOM) of the thin gold films in (a) Au/SiO2/Au, (b)
Au/SiOo/graphene/Au and (c) glass/Au structures.
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Figure S6. Reflection spectra of the fabricated structures with different thicknesses of gold films for
Au/SiO2/Au substrates with (a) 20 nm and (b) 40 nm thick SiO:z layer. All of the achieved spectra
were normalized to the reflection spectrum of a silver mirror.
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Figure S7. SERS spectra of the Crystal Violet dye with a concentration of 10-¢ M, acquired with

a laser excitation wavelength of 633 nm for (a,b) Au/SiO2/Au and (c,d) Au/SiOz/graphene/Au
structures with 20 nm and 40 nm SiOz thickness.
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Figure S8. Dependence of SERS enhancement factors (EF) on the thickness of the gold film for
Au/SiO2/Au substrates with different SiO:z layer thickness (20 nm, 40 nm and 50 nm), calculated by
the intensity of 207 cm™ Raman mode.



