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Fig. S1 The average diameter of PQDs distributed on the Graphene with the synthesis conditions of

MABr/PbBr,=4/5 (a), MABr/PbBr,=6/5 (b) with a fixed value of oleylamine/oleic acid (1/25), and oleylamine/oleic
acid =1/1 (c), oleylamine/oleic acid =1/50 (d) with a fixed value of MABr/PbBr, (5/5).
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Fig. S2 XPS of pristine PQDs: C1s (a), N1s (b), Br3d (c), and Pb4f (d).
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Fig. S3 XPS of hybrid PQD-G: C1s (a), N1s (b), Br3d (c), and Pb4f (d).
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Fig. S4 (a) The emission spectrum of PQD under different molar ratios of MABr/PbBr, (from 3/5 to 6/5) with a fixed

molar ratio of oleylamine/oleic acid (1/25). (b) The emission spectrum of PQD under different molar ratios of

oleylamine/oleic acid (from 1/5 to 1/50) with a fixed molar ratio of MABr/PbBr, (5/5). The luminescence

comparison of PQDs at the different molar ratios of (c) MABr/PbBr, with a fixed molar ratio of oleylamine/oleic

acid (1/25) and (d) oleylamine/oleic acid with a fixed molar ratio of MABr/PbBr, (5/5), as taken by using a

commercial phone camera under portable ultraviolet lamp illumination with 365 nm.
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Fig. S5 (a) PL spectra of the PQD (black) and PQD-G (blue) at 365 nm. (b) PL decay profiles of PQD (black) and PQD-G
(blue) at 488 nm.



Fig. S6 The comparison of luminescent stability of PQDs at the different molar ratios of oleylamine/oleic acid with

a fixed value of MABr/PbBr, (5/5) , which were kept at room temperature for about seven days, as taken by using

a commercial phone camera under portable ultraviolet lamp illumination with 365 nm.
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Fig. S7 (a) The electronic structure (energy) band and density of states of PQDs. (b) A simulated EM field distribution

in a periodic SiO,-Cr-Au-G-PQD layered array nanostructure with a fixed radius of PQD nanoparticles (2 nm), gap

distance between nanoparticles (4 nm) and graphene thickness (1 nm) at 550 nm.
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Fig. S8 A simulated transmission spectra with different synthesis parameters at different excitation wavelength.
(a) The thickness of graphene-dependent transmission spectra in a periodic SiO,-Cr-Au-G-PQD layered array
nanostructure. (b) The radius of PQD-dependent transmission spectra in a periodic SiO,-Cr-Au-G-PQD layered array
nanostructure. (c) The gap distance between PQD nanoparticles-dependent transmission spectra in a periodic SiO,-
Cr-Au-G-PQD layered array nanostructure. (d) A simulated EM field distribution in a periodic SiO,-Cr-Au layered

array nanostructure at 633 nm.
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Fig. S9 Corresponding calibration plots of Fig. 5a for quantitative analysis of R6G at (a) 612 cm™?, (b) 1183 cm™, (c)

1311 cm, (d) 1362 cm™, (e) 1507 cm, (f) 1649 cm™L.




(a) s 575¢m’ 4,0-(b) = 11120m’ (c) « 1164 cm’
4.0+ 404
Logl=0.30LogC+5.06 Logl=027LogC+4.93 Logl=0.29LogC+5.04
R%=0.99 R=0.98 R’=0.99
= ~351 -
53.54 El 53.54
& L) s
) )
Q o o
~10 ~304 304
25 T T T T T 25 T T T T T 25 T T T T y
- - £ - -7 6 5 -4 -8 -7 -6 -5 -4
LogC (M) LogC (M) LogC (M)
45 T
& °‘(d) « 1270 cm’ (e) = 1332cm’ (f) = 1593 cm’
Logl=0.30L0gC+4.89 204 Logl=0.29L0gC+5.21 4| Looi031LogCs547
| R=0.99 R*=0.99 n R=0.99
5 ' = =
s 3 &
F) Z351 ©35-
8301 §: S
2.5 3.04 3.04
g 7 ¢ 5 4 H 7 ' 5 4 4

$ £ £
LogC (M) LogC (M) LogC (M)
Fig. S10 Corresponding calibration plots of Fig. 5¢c for quantitative analysis of PNP at (a) 575 cm?, (b) 1112 cm™, (c)

1164 cm, (d) 1270 cm™, (e) 1332 cm, (f) 1593 cm™L.



Intensity(a.u.)

Intensity(a.u.)

—a—612cm”’ T 2000 counts

——T774cm” ——1362cm™
—+—1183 cm” —— 1507 cm”’
——1311 ecm” —— 1649 cm™*

T —————

Intensity(a.u.)

—a—575 cm™ T 1000 counts

——863cm” ——1270 cm"
——1112 cm” ——1332 cm”
——1164 cm” —— 1593 cm”"

1 2 3 4 5 6 7 9 10 11 12

1 2 3 4 5 6 7 8 9 10 11 12

8
Repeat Number Repeat Number
(C) —a—612cm”’ IZOOO counts (d) —a—575cm™ I 1000 counts
——T774cm’ —e—1362 cm™’ ——863cm’ —e—1270cm’

—+—1183 cm” —e— 1507 cm”’
——1311 cm” —— 1649 cm™

et
el et

?W:
oy b e e

SR A R R
Repeat Number

=TT
9 10 11 12

Intensity(a.u.)

—— 1112 cm”’ ——1332 cm™’
——1164 cm™ —— 1593 cm™

r————e N ——

5 6 7 8 9 10 11 12
Repeat Number

Fig. S11 SERS intensity responses of the PQD-G/Au for the characteristic peak of 10® M R6G on 12 random sites
from the six different substrates (a) and from the same substrates (c). SERS intensity responses of the PQD-G/Au
for the characteristic peak of 10* M PNP on 12 random sites from the different substrates (b) and from the same

substrates (d).
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Fig. S12 The intensity change of other Raman peaks on the optimized PQD-G/Au composite over 30 days of 10 M

R6G (a) and 104 M PNP (b).



Table S1 Comparison of detection limits and linear ranges for other SERS substrates.

Target Detection Detection
SERS substrate  Preparation method EF Ref
molecule range (M) limit (M)
G@CuNP/G@C
CVvD R6G 10°~10°° 10° _ 1
u
Au NP-G—-Ag NA EBL?, EBD P R6G _ 1013 6.9x107 2
Dip-coating,
GO/Ag/Psi© R6G 104~107 107 - 3
Hummers
G/Ag/LTSi 9 Laser Ablation, EBD R6G 106~1011 1010 2.6x107 4
GO/Au CVvD R6G — 107 1.2x107 5
AuNPs/rGO Hydrothermal Pb%* 10°~10° 107 - 6
Hydrothermal,
G@AgNPs@Si R6G, Bacteria 10° 8.3x10°
Electrochemical — 7
technology
A seed-mediated Rhodamine
GO/AuUNR 10° 1.0x104
method, modified 640 - 8
Hummers method
G/CuNPs A two temperature Adenosine 10°~107 10° 9
zone CVD method
Two-step
anodization
R6G 103~10°° 3.3x103
haze/GO/Au techniques followed _ 10

by wet-etching

and drop-casting

a) EBL is the abbreviation of Electron beam lithography.

b)EBD is the abbreviation of Electron beam deposition.

9 PSi is the abbreviation of /silicon pyramid arrays structure.

d) LTSi is the abbreviation of Laser-Textured Si.



Table S2 Enhancement factor of characteristic peaks of R6G on the optimized PQD-G/Au substrates.

Peak (cm?) EF
612 3.15x10%2
1185 1.71x10%?
1311 4.68x10%2
1362 3.31x10"?
1507 3.57x10"?

1649 3.85x10%2
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