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Quantum yield measurement

The quantum yield (QY) of CuNCs was measured according to an established
procedure. Quinine sulfate in 0.1 M H,SO, (literature quantum yield 0.54 at
360 nm) was chose as a standard. Absolute values are calculated using the
standard reference sample that has a fixed and known fluorescence quantum
yield value. To minimize reabsorption effects, absorbencies in the 10 mm
fluorescence cuvette were kept under 0.1 at the excitation wavelength (320
nm). The data was plotted (Figure. S1) and the slopes of the sample and the
standards were determined. The data showed good linearity. The quantum yield
was calculated by

SIEYE)

Where @ is the quantum yield, m is slope, n is the refractive index of the
solvent, st is the standard and s is the sample. The quantum yield for CuNCs
was 9.6%.
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Figure S1 Plot of integrated photoluminescence intensity vs. absorbance of the small
CuNCs (A) and quinine sulphate (B).

FL lifetimes measurement

The FL lifetimes was analysed with the software package, DataStation V2.4,
and was fit by a sum of biexponential decay model,

F (1) = A exp( gti + A, exp(- ti) )

1 2

Where F(t) is the obtained kinetic decay curve, 4; is the amplitude of the ith
decay channel and 7; is the corresponding lifetime. Two exponentials were
required to fit the decay data, thus, the average lifetime (listed in Table S1) was
calculated using

At + At
f= 141+A22 3)
1 2
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Figure S2 Time-resolved PL decays from the CuNCs.

Table S1 Excited State Lifetimes of the CuNCs

Lifetime (ns)

Tav [ (%)
CuNCs 1.03 0.83 3.02
(91.07%) (8.93%)
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Figure S3 Effect of pH on the fluorescence intensity of small CuNCs (174 pg mL1).
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Figure S4 Effect of time on the fluorescence intensity of small CuNCs (174 pg mL-")
at room temperature.
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Figure S5 The zeta potential of small CuNCs (174 pg mL-!, pH: 4, Dispersant RI:
1.330, Zeta runs: 30) at room temperature.
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Scheme S1. The main proposed iron-induced DA oxidation pathway. In vitro, iron has




been shown to catalyse the oxidation of DA by oxygen to generate H,O, and
quinomethide.

CuNCs+TMB CuNCs+TMB+H:20:z

Figure S6 The oxidation of TMB (0.2 mM) in the absence (A) or presence (B) of
H,0, (10 mM) catalyzed by the small CuNCs (174 pg mL"").

Figure S7 A gradient blue color which can be seen by naked eyes with increasing the



concentration of Fe** ions to the CuNCs (174 ug mL') and TMB (0.2 mM) solution.

Detection of Fe3* in tap water and lake water

The lake water sample was obtained from a local lake and filtered five using the filter
paper to remove the solid suspensions and then filtered through a 0.22 pym membrane
and then centrifuged at 10000 rpm for 10 min several times. The resultant water
samples were add with Fe** and then analysed with the proposed method.

Reactive Oxygen Species (ROS) Assays

The ability of surface modified CuNCs to generate ROS in solution was measured
using a fluorescent dye (2, 7-dichlorodihydroflurescein diacetate, DCFH-DA) and a
spectrofluorometer (absorbance maximum, 485 nm; emission maximum, 535 nm).
The non-fluorescent molecule DCFH-DA (0.5 mL, 1.23 mM) was deacetylated in a
solution using NaOH (2 mL, 0.01M) and the mixture was incubated at room
temperature in a dark bottle for 30 min. Then 2 mL of BR buffer (0.2 M, pH=7.0) was
added to stop the reaction. Right before use, 100 pL horseradish peroxidase (HRP) in
BR buffer was added to 100 pnL. DCFH-DA /NaOH/BR. H,0, (5.28, 7.04, 8.8, 10.56,
12.32 uM) was used as a standard and CuNCs activity was expressed in H,0,
equivalents. The final solution was 1 mL in volume in a water bath in the dark at 37
°C for 15 min.
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Figure S8 H,0, calibration curve by the DCFH Assay.
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Figure S9 Equivalent H,O, generated by CuNCs.



Table S2 Literature review of copper clusters or nanoparticles used as sensing

nanoprobes.
Sample Protecting ligand or | Ion Mechanism Linear range Ref.
method Detected
Copper Tannic acid Fe3* FL quenching | 10 nM—10 mM 1
clusters LOD=10 nM
Copper BSA Pb** FL quenching | 0-200 ppm 2
clusters
Copper Electrochemically Pb%* FL quenching | 48 nM—77 mM 3
clusters method LOD=4.9 mM
Copper CTAB S? Colorimetric | 12.5-50.0 uM 4
nanoparticle sensing LOD=8.1 uM
]
Copper dsDNA Alkaline FL turn-on 0.1-2.5 nM 5
Nanoparticle Phosphatase LOD=0.1 nM
s
Copper D-penicillamine pH, H,0, FL quenching | pH 3.1-7.1 6
clusters H,0,0.01-0.8 mM
LOD=0.01 mM
Copper Trypsin pH FL quenching | pH 2.02-12.14 7
clusters
Copper dsDNAs Hg?* FL turn-on / 8
nanoparticle
]
Copper Dopamine Fe3* FL quenching | 5-300 uM Our
nanocrystals Colorimetric | LOD=1.2 uM; work
sensing 10-80 uM

LOD=4.2 uM




Table S3 Literature review of copper clusters or nanoparticles used for catalytic
applications.

Samples Protecting ligand | catalytic Mechanism Ref.
or method applications

Copper clusters | D-penicillamine | MB-N,Hy Electron transfer

Copper clusters | Electrochemical | MB-N,Hy Electron transfer 9
method

Copper clusters | Electrochemical | MB Photocatalysis and 10
method Electron transfer

Copper clusters | BSA TMB- H,0, Peroxidase mimetics 11

Copper Dopamine TMB Peroxidase = mimetics | Our work

nanocrystals and chemical reactions

Table S4 Literature review of copper clusters or nanoparticles used as antibacterial
agent.

Samples Bacteria MIC Mechanism Ref.
copper S. aureus / Metallic copper in solution 12
monodispersed E. coli
nanoparticles into
sepiolite
Cu  Nanoparticle | E. coli 130.8 Nanocomposite attached to the 13
Chitosan pg/mL bacterial cell wall
Composite
BSA-copper E. coli 50 pg/mL Cu-BSA attached to the 14
nanocomposites bacteria causing irreversible
membrane damage

Cu/PAA S. aureus 2.34 pg/mL | Cuions release 15
composite E. coli 0.59 pg/mL

P. aeruginosa 0.59 pg/mL
Copper S. aureus 158 pg/mL | Reactive oxygen species Our
nanocrystals work

Optimization process

CuNCs were prepared by various molar ratio of DA to copper salt (1:3, 1:2, 1:1, 2:1,




3:1) using the same method described in the main text.

Figure S10 TEM image of CuNCs synthesized by various molar ratio of DA to copper
salt (A: 1:3, B: 1:2, C: 2:1, D: 3:1).
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Figure S11 Hydrodynamic diameter of CuNCs synthesized (174 pg mL!, pH: 4,
Dispersant RI: 1.330) by various molar ratio of DA to copper salt (A: 1:3, B: 1:2, C:



1:1, D: 2:1, E: 3:1).
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Figure S12 UV-vis spetra of CuNCs (174 pg mL") synthesized by various molar ratio
of DA to copper salt (1:3, 1:2, 1:1, 2:1, 3:1).
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Figure S13 FL spetra of CuNCs (174 pg mL"") synthesized by various molar ratio of
DA to copper salt (1:3, 1:2, 1:1, 2:1, 3:1).
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Figure S14 (A-D) Fluorescence spectra of obtained CuNCs synthesized by various
molar ratio of DA to copper salt (174 pg mL-!, A: 1:3, B: 1:2, C: 2:1, D: 3:1) in the
presence of Fe**ions with different concentrations (0, 5, 10, 20, 40, 80, 100, 150, 200,
300, 400, 500, 600, 700, 800, 1000 uM). (E-H) Calibration curve (E: 1:3, F: 1:2, G:
2:1, H: 3:1) for Fe3" ions detection by fluorescence intensities (Fo/F).
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Figure S15 A) UV-vis absorption of the oxidation product of TMB with increasing
Fe3* concentrations (0, 6, 10, 16, 20, 25, 30, 40, 50, 80, 100, 160, 200 uM) with Cu
nanoparticles (174 pg mL-") prepared by ref.16 (B) Calibration curve for Fe** ions (10
—80uM) detection by absorbance using the peroxidase-like activity of Cu
nanoparticles.



Figure S16 Growth inhibition of S. aureus bacteria on agar plate for different
samples. (A) The antimicrobial activity shown with CuNCs (174 pg mL-!)
synthesized by various molar ratio of DA to copper salt. Spots 1-5 represent the
ratio 1:3, 1:2, 1:1, 2:1, 3:1. (B) Separate experiments for evaluating the
antimicrobial activity with 174 pg mL-! CuNCs (spot 1), 174 pg mL! Cu
nanoparticles prepared by ref.16 (spot 2), 0.02 M CuSOy4 (spot 3), 0.06 M
dopamine (spot 4) and174 pg mL-! Ag cluster prepared by ref.17( spot 5).
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