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green

In this study, a three-dimensional (3D) Cu(OH),-Ag substrate with abundant “hotspots” is developed.
reproducibility with a relative standard deviation (RSD) of 8.79% and 3.49%, respectively. Simultaneously, the

First, the 3D Cu(OH), nanotubes (NTs) are developed on the surface of copper sheets through chemical etching.
Then, silver nanoparticles (NPs) are adsorbed onto the surface of Cu(OH), NTs using self-assembly technique.
The prepared Cu(OH),-Ag substrate has a high Raman sensitivity with a mass concentration limit of detection
is 2.13x10 * g/L

(LOD) of 8.9X 10" g/L for probe molecule rhodamine 6G (R6G). Additionally, it has high uniformity and
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substrate has excellent sensitivity to malachite green (MG), and the mass concentration LOD of MG in river water
OCIS codes
=

The 3D substrate is easy to fabricate and has excellent surface-enhanced Raman spectroscopy
(SERS) performances. It shows that the substrate has great application prospects in detecting illegal fishery drugs in water.

optics at surfaces; surface enhanced Raman spectroscopy; Cu(OH),-Ag; self-assembly; malachite
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Fig. 1 Schematic of Cu(OH),-Ag substrate fabrication process
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Fig. 2 Characterization of Cu(OH),-Ag substrate. (a) TEM image of Ag NPs; (b) SEM image of the Cu(OH),-Ag

substrate; (¢) XRD patterns of Cu(OH), and Cu(OH),-Ag substrate; (d) distribution of Ag elements on the

Cu(OH),-Ag substrate; (e) distribution of Cu elements on the Cu(OH),-Ag substrate; (f) energy dispersive

spectrum of the Cu(OH),-Ag substrate
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Fig. 3 Influence of etching time on the surface morphology of Cu(OH), and Raman enhancement performance of Cu(OH),-

Ag substrate. (a)—(e) SEM images of Cu(OH), at different etching time; (f) Raman spectra of R6G with mass

concentration of 107" g/L on Cu(OH),-Ag substrates with different etching time
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Fig. 4 Influence of self-assembly time on the Raman enhancement performance of Cu(OH),-Ag substrate. (a)—({) SEM

images of Cu(OH),-Ag substrates at different self-assembly time; (g) Ag content of Cu(OH),-Ag substrates at

different self-assembly time; (h) Raman spectra of R6G with mass concentration of 10 ° g/L on Cu(OH),-Ag

substrates with different self-assembly time
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Fig. 5 SERS spectra of R6G. (a) Raman spectra of R6G with different mass concentration on different substrates;
(b) Raman spectra of R6G with different mass concentration on Cu(OH),-Ag substrate; (c) relationship between

the logarithm of mass concentration and Raman intensity at 612 cm™ ' of R6G
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Fig. 6 SERS performance of Cu(OH),-Ag substrate. (a) Raman spectra of R6G (10

° g/L mass concentration) collected

1

at 13 randomly selected points on the substrate; (b) Raman mapping of R6G on the substrate at 612 cm™ ; (c) peak

intensity variation at 612 cm ' for 13 points; (d) peak intensity variation of R6G spectra at 612 cm

with different batches; (e) peak intensity variation of R6G at 612 cm

" on the substrates

' at different storage times
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Fig. 7

SERS of MG. (a) Raman spectra of MG with different mass concentration in river water on Cu(OH),-Ag substrate;

(b) relationship between the logarithm of mass concentration and Raman intensity at 1614 cm ' of MG

# 1 K[ SERS FLIEAZ M MG (9 %) bt
Table 1 Comparison of different SERS substrates for detecting MG
SERS substrate Sample Laser wavelength /nm EF LOD /(mol-L™") Reference
MIP@Fe, O,-Ag Water 532 L.5X107" [33]
Fe; O, @Au MCS Water 632.8 1.1X10° 107 [34]
Ag NPs-coated fiber probe Water 632.8 10" [35]
pNIPAM@ Au NRs Water 633 1.2X10° 1.3x10° [36]
Graphene wrapped Ag array Water 532 3.9x10" 2.7X10 " [37]
Au/Ag NPs Water 785 9.0X10’ 4,3%X107 [38]
Ag/MoS,-Ti Water 532 10°° [39]
Cu(OH),-Ag Water 532 1.28X10° 5.84X10°" This paper
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