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Fig. S1. TEM images of samples on acid etching (pH under different pH circumstance by acid-
etching (insets: size distribution) and DLS analysis of the related samples. 

Fig. S2. EDS elemental mapping images and spectra of Cu-NPs.



Fig. S3. a. UV-vis absorption spectra of Cu-SG on acid-etching (inset: corresponding digital 
photos under visible light). (b) Cu-SG fluorescence excitation at 370 nm (Black dash line) and 
emission curves (430 nm and 505 nm) on acid-etching.

Fig. S4. FT-IR spectra of GSH and the cluster samples during acid-etching. According to the 
results, the -SH vibrational peak has been invisible in the Cu-NP state, and the acid etching makes 
little influence on the FT-IR peaks of GSH ligands. 



Fig. S5. (a) XPS full survey spectra of Cu-SG on acid-etching. (b) XPS spectra in the Cu 2p 
region of Cu-SG on acid-etching.

Scheme S1. The conversion scheme of p-NP to p-AP.

Fig. S6. p-NP reduction with Cu-SG on acid-etching.



Table S1. Cu-SG on acid-etching with catalytic performance for p-NP reduction.
Conversion = (1 — At/A0) x 100
A0 and At represent the UV/vis absorbance (at 400 nm) of p-NP at time 0 and t, respectively.

Fig. S7. DLS of Cu-SG before and after reaction with p-NP.

Entry Catalyst Hydrogen 
source

Solvent Time (min) Conversion (%)

1 Cu-SG (pH 2) NaBH4 H2O 6 >98

2 / NaBH4 H2O 0 0

3 Cu-SG (pH 2) / H2O 0 0

4 Cu-SG (pH 4) NaBH4 H2O 6 <0.5

5 Cu-SG (pH 6) NaBH4 H2O 6 <1

6 Cu-SG (pH 8) NaBH4 H2O 6 <0.5

7 Cu-SG (pH 10) NaBH4 H2O 6 <0.05



Fig. S8. HRP-like activity of Cu-SG on acid-etching (TMB+H2O2+Cu-SG (pH 2 - pH 10).

Table S2. A comparison of the kinetic parameters (Km and Vmax) determined for various HRP 
mimics nanomaterials. 

H2O2 TMB
Catalyst Km 

[mM]
Vmax 

[μΜ s-1]
Km 

[mM]
Vmax 

[μΜ s-1]
Ref.

SWNT 2.41 1.00 / / 1

Fe0.8Ni0.2S2 0.06 2.00 0.512 1.92 2

FeS2 0.227 3.92 4.88 6.99 3

Cu SAzyme 9.89 3.85 0.38 0.48 4

Cu-CN 3.00 2.59 0.26 1.98 5

aCu(II)-CIFs 0.54 1.16 0.87 1.48 6

TO@Ru 7.680 1.35 / / 7

HRP 3.70 0.87 0.43 1.00 8

Cu-SG 0.41 0.15 2.11 0.12 This work

Table S3. The Cu-SG probe performance compared to reported colorimetric based HRP-like 
nanomaterials for H2O2 detection.

HRP-like 
nanomaterials

Linear range
 (μM) LOD (μM) Ref.

M-CQDs 2-60 0.35 9

Ce/Zeolite 0-5 0.32 10

rGO/CM 1-10 0.15 11

Au NPs 0.02-0.7 12.33 12

Ce-MOF 4-16 10.00 13

TO@Ru 5-100 14.63 7

Cu-SG 0-40 6.03 This work



Fig. S9. (a) Fluorescence emission spectra of; (a) Cu-SG-p-NP and (b) Cu-SG- H₂O₂ systems at 
varying concentration of analytes (p-NP = 50, 100, 150, 200, 250, 300, 350, 400, and 450 μM; 
H₂O₂ = 100, 200, 300, 400, 500, 600, 700, 800, and 900 μM) at λex = 370 nm, T = 298 K.
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