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S1. Estimation of enhancement factor

For estimation of the enhancement factor of the nanoporous Ag-decorated AgzOsNOs
micro-pyramids, 10 uL (volume of the reference analyte solution, denoted as Vrer) of 102
M (concentration of the reference analyte solution, denoted as Cref) R6G ethanol solution
was dispersed on a polyvinyl chloride film, and formed a spreading area of ™ mm?2 (sur-
face area of the polyvinyl chloride film covered by analyte molecules, denoted as Sref). The
enhancement factor is calculated by comparing the ratios of R6G molecules on a nanopo-
rous Ag-decorated AgzOsNOs micro-pyramid (Curve [ in Figure. S10) to the correspond-
ing un-enhanced signals from a pure R6G on the polyvinyl chloride film (reference sam-
ple, Curve Ilin Figure. S10):

EF = IseRsNRef _ ISERSCRefVRefSSERS
IRefNSERS  TRefCSERSVSERSSRef

(SD)

where Isers and Inrs are the Raman intensities of the spectra, Nsers and Nret are the number
of R6G molecules illuminated by the laser absorbed on the nanoporous Ag-decorated
Ag7OsNOs micro-pyramid and in the reference sample, respectively. For the pure R6G on
the polyvinyl chloride film with an area of m mm? (Sret), considering the laser spot is a
circle with a diameter of 5 pum, the number of the R6G molecules illuminated by the laser
(NRref) is 102 x 10 x 6.02 x 10% x r(5um/2)%/7t mm?2 = 3.76 x 10'". For the estimation of Nstrs
and Isers, 10 uL (volume of the analyte solution used for SERS, denoted as Vsers) of a 101!
M (concentration of the analyte solution employed for SERS, denoted as Csers) R6G etha-
nol solution was dispersed to 4 mm? (surface area of the SERS substrate covered by analyte
molecules, denoted as Ssers) of the nanoporous Ag pyramids. Supposing that all R6G mol-
ecules are absorbed on the nanoporous Ag pyramids, Nsers was estimated to be 101 x 10-
5x 6.02 x 102 x t(5um/2)?/4 mm? = 295. For the band at 1648 cm, Isers/Iret was 0.44. There-
fore, the enhancement factor for the band at 1648 cm-! is calculated to be 5.6 x 108.
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S2. Experimental

Figure S1. The fabricated nanoporous Ag-decorated AgrOsNOs micro-pyramids on ITO glass (2
cm x 0.5 cm) (left) and the actual substrate cut down for SERS detection (0.5 cm x 0.5 cm) (right).

S3. Characteristics of AgrOsNOs micro-pyramids

(222)

>
8
=
Z’ Ag,0sNO,@06-0434
@ (400)
c
= 44
( l 0 (622)
M } Li T A ke L

20 30 40 50 60 70
20 (degree)

Figure S2. X-ray diffraction pattern of the electrodeposited materials achieved under electrodepo-
sition voltage of 3 V and electrodeposition duration of 300 s.
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Figure S3. Energy-dispersive X-ray (EDX) mapping images of electrodeposited materials: (a) bright-
field image; (b) Ag element mapping; (c) O element mapping.

Figure S4. SEM images of the Ag7OsNOs micro-pyramids” morphology evolution under the same
electrodeposition time (10 s), while the electrodeposition voltage was increased form 1.5V to 10 V:
(a) 1.5V; (b) 3 V; (c) 5V; (d) 10 V. The insets are magnified images.
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Figure S5. SEM images of the Ag7OsNOs micro-pyramids” morphology evolution under the same
electrodeposition voltage (3 V), while the electrodeposition time was increased form 1 s to 300 s:
(a) 1s; (b) 60 s; (c) 180 s; (d) 300 s. The insets are magnified images.

S4. Fabrication of nanoporous Ag-decorated AgrOsNOs micro-pyramids

Figure S6. Energy-dispersive X-ray (EDX) mapping images of nanoporous Ag-decorated AgzOsNOs
micro-pyramids: (a) bright-field image; (b) Ag element mapping; (c) O element mapping.
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Figure S7. (a) SERS signals of R6G (10-° M) collected from nanoporous Ag-decorated AgrOsNOs
micro-pyramids reduced by using NaBHa4 solution with different concentrations. (b) The peak
intensity of 1648 cm™ detected on the nanoporous Ag-decorated AgzOsNOs micro-pyramids corre-
sponding to (a).
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Figure S8. (a) Morphology of nanoporous Ag-decorated AgzOsNOs micro-pyramids, which was
fabricated by reducing AgzOsNO:s in a 0.005 M NaBHa solution. (b) and (c) shows the pore/liga-

ment size distribution within the nanoporous Ag-decorated AgzOsNOs micro-pyramids obtained
by measuring 100 nanopores.

S5. SERS performance
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Figure S9. (Curve [ ) SERS spectrum of 107 M R6G absorbed on the nanoporous Ag-decorated
Ag7OsNOs micro-pyramids, and (curve II') SERS spectrum of 107 M R6G absorbed on the
Ag7OsNOs micro-pyramids. The spectra were acquired with acquisition time of 10 s.
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Figure S10. (Curve [ ) SERS spectrum of 10-'* M R6G absorbed on the nanoporous Ag-decorated
Ag7OsNOs micro-pyramids, and (curve II') the normal Raman spectrum of R6G polyvinyl chlo-
ride film. The spectra were acquired with acquisition time of 10 s.
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Figure S11. (a) and (b) Raman spectra collected from 10 randomly selected sites on nanoporous
Ag-decorated AgrOsNOs micro-pyramids in the detection of 10° M CV and the RSD values of 1618
cm! (CV) peaks, respectively. (c) and (d) Raman spectra collected from 10 randomly selected sites
on nanoporous Ag-decorated AgrOsNOs micro-pyramids in the detection of 10> M thiram and the
RSD values of 1384 cm™! (thiram) peaks, respectively.

S6. Comparison of LODs between various SERS substrates

Table S1.
SERS substrate LOD (R6G) Ref.
nanoporous Ag-decorate.:d Ag7OsNOs micro- 1015 M This work
pyramids
PA-Ag@C film 10 M [1]
nano-Ag/Au@Au film 1x103 M [2]
GO/Au@Ag NBs membranes 1.12 x1010 M [3]
ZnO/Ag Core-Satellite Nanostructures 1x10M [4]
Ag NRs/O-g-CsNu substrate 8.2x101'M [5]
Ag@Fe20s hybrid materials 9.3x10°M [6]
ball-like Ag nanorod aggregates 5x10°M [7]
flower-like Ag@CuO Substrate 2.6 x10°%M [8]
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