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Experimental 

1. Reagents and materials 

Herein, 2,4-dimethylpyrrole, 4-formylbenzoic acid, acetonitrile (ACN), 

tetrabutylammonium perchlorate (TBAP), methyl alcohol, trifluoroacetic acid (TFA), 

dichlorodicyanobenzoquinone (AR), triethylamine (TEA), boron trifluoride diethyl 

etherate (AR), ethyl acetate (AR), methyl alcohol (AR), palladium chloride (PdCl2), 

1,2,4,5-benzenetetramine (BTA), sodium borohydride (NaBH4), aqueous ammonia 

(NH3·H2O), 5,5-dimethyl-1-pyrroline N-oxide (DMPO), 2,2,6,6-tetramethyl-4-

piperidinol (TMP), p-benzoquinone, NaOH, MgSO4, and K2S2O8 were obtained from 

Aladdin Biochemical Technology Co., Ltd. (Shanghai, China). Phosphate buffer 

solution (PBS, pH 7.40, 0.10 M KH2PO4/Na2HPO4) was prepared with ultrapure water, 

which was obtained from a Millipore water purification system (≥18 MΩ, Milli-Q, 

Millipore) and used throughout all of the assays. 

2. Apparatus

The morphology and structure of the samples were characterized by scanning 

electron microscopy (SEM) with a Hitachi S-4800 scanning electron microanalyzer. 

Transmission electron microscopy (TEM) and high-resolution transmission electron 

microscopy (HR-TEM) measurements were taken on a JEM-2100F microscope 

operating at an acceleration voltage of 200 kV. X-ray photoelectron spectroscopy 

(XPS) analysis was performed on a Thermo VG ESCALAB 250 spectrometer with an 

Al Kα X-ray irradiation (1486.6 eV) for excitation operated at 120 W, and the data were 

calibrated by the binding energy of C 1s. Fluorescence (FL) measurements were 



conducted with an RF-6000 spectrometer (Thermo Fisher Scientific, America). ECL 

plots were taken with a home-made ECL spectroscopy acquiring system (consisting of 

an Acton SP2300i monochromator) equipped with a liquid N2 cooled PyLoN 400BR-

eXcelon digital CCD detector (Princeton Instruments, USA) and a VersaSTAT 3 

electrochemical analyzer (Princeton Applied Research, USA). NMR hydrogen 

spectroscopy (1H-NMR) measurement was conducted with a Bruker AMX-500 

spectrometer at 600 MHz (Bruker., Germany), by employing tetramethylsilane (TMS) 

as the reference and deuterated acetone (C3D6O) as the solvent. The sample 

compositions were examined by liquid chromatography/mass spectrometry (LC/MS, 

6230 TOF, Agilent Technologine Co., Ltd., USA) with the mobile phase (mainly 

containing methanol and water). Electron paramagnetic resonance (EPR) 

measurements were conducted on a Bruker EPR EMX plus -9.5/12 by applying a 

continuous excited potential of 1.50 V. 

A classical three-electrode system was used in the electrochemical experiments, 

in which a glassy carbon electrode (GCE, Φ = 5mm) acted as the working electrode, an 

Ag/AgCl electrode (saturated KCl) as the reference electrode and a platinum wire as 

the counter electrode. Electrochemistry and ECL experiments were performed at CHI 

660D electrochemical workstation (Chenhua Analytical Instrument Co., Ltd., China) 

and MPI-E multi-function ECL analyzer (Xi’an Remax Analytical Instrument Co., Ltd., 

China), respectively. Electrochemical impedance spectra (EIS) were recorded in a 0.1 

M KCl solution containing 5 mM K3[Fe(CN)6]/K4[Fe(CN)6] by using an alternating 

voltage of 10 mV in a frequency range of 0.1 ~ 100,000 Hz.
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Figure S1. The 1H NMR plot of BET.



Figure S2. The LC/MS plot of BET.



Figure S3. (A) The ECL plot of BET acquired with 2 mM p-benzoquinone. (B) The 

corresponding ECL plot (curve a) and FL spectrum (curve b) of BET.



Figure S4. The (A) CV plots of BET (curve a) and BET + 2 mM acetic acid (curve b). 

The (B) FL spectra of BET (curve a) and BET + acetic acid (0.5-2.0 mM, curves b-e).



Figure S5. (A) The EPR plots recorded in the 2 mM K2S2O8 solution without (curve a) 

and with acetic acid (curve b). (B) The ECL spectrum of the BET/GCE + 2 mM K2S2O8. 

(C) The CV plots of the BET/GCE (curve a), BET/Pd@MOFs/GCE (curve b) and 

BET/Pd@MOFs/GCE + 10 mM Cu2+ (curve c) acquired in the PBS with 2 mM K2S2O8.



Figure S6. The influences of the concentrations of the BET (A) and Pd@MOFs (B) on 

the ECL signals.



Table S1. Comparison of the analytical performances of different Cu2+ detection 

assays.

Method Linear Range LOD Reference

FL
EC

PEC
ECL
ECL
ECL

0.10 μM–5.00 μM
50.00 nM–12.00 μM
1.00 nM–10.0 μM
0.20 nM–1.00 μM
1.0 pM–500.0 nM
1.0 pM-100.0 pM

5.61 nM
13.00 nM
0.40 nM
0.07 nM
0.33 pM
0.12 pM

1

2

3

4

5

This work



Table S2. Detection of Cu2+ in the Chuyang lake water sample.

Sample Added (pM) Found (pM) Recovery (%) RSD (%)

Lake water
1.0
10.0
100.0

1.03 1.02 1.02
9.93 9.98 10.02

100.2 100.0 100.1

102.4
99.8
100.1

0.53
4.08
1.97
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