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Preparation of LAA-X-rGO

LAA-X-rGO was successfully prepared using a simple chemical reduction process 

using L-ascorbic acid, as shown in Figure 1. First, graphite oxides (GO) were acquired 

using the modified Hummers method. Then 100 mg GO were added to 100 mL 

deionized water and ultrasonically dispersed for 30 min to get the GO suspension, 

followed with the decanting of 100 mL L-AA solution. The above mixture was heated 

at 80 ℃ for 2h. After cooling down to room temperature, the mixture was centrifugal 

washed using ethanol for several times and dried at 80 ℃ in oven to obtain the reduced 

graphite oxides (rGO). In order to investigate the effect of hydrophilic/hydrophobic 

properties on the electrochemical properties of rGO, the quality ratios of L-AA to GO 

were set as 0.1, 0.3, 0.5, 0.7 and 0.9, the corresponding rGO products were labeled as 

LAA-X-rGO, X= 0.1, 0.3, 0.5, 0.7 and 0.9. 

Preparation of Half-carbonized ZIF

2.1 g of 2-methylimidazole was dissolved in deionized water, and 5 mmol of 

NaOH was dissolved in deionized water; the two solutions were then mixed and 

designated as solution A. Subsequently, 0.24 mmol of cobalt nitrate hexahydrate and 

0.36 mmol of zinc nitrate hexahydrate were separately dissolved in deionized water and 

designated as solution B. Solutions A and B were mixed and stirred for 4 h. The 

resulting mixture was centrifuged and washed three times with ethanol, followed by 

vacuum drying at 60 °C, yielding the product denoted as ZIF. The as-prepared ZIF was 

placed in a tube furnace under an air atmosphere and then annealed at 350 °C for 2 



hours, and then finally achieved half-carbonized ZIF.

Preparation of electrodes

Firstly, 1 mg sensitive materials were added to 4 mL ethanol and dispersed 

ultrasonically for 30 min to obtain 0.25 mg/mL sensitive materials dispersion solution. 

Then, 5 μL of the above obtained sensitive materials dispersion solution waas drop-

casted using a pipette gun on the polished GCE (Φ=3 mm) and dried in air. Finally, 5 

μL 0.5 wt% Nafion solution was cover on this electrode to obtain the modified GCE.

Measurements of electrochemical surface area

According to the scan-rate dependent CV measurements, the electrochemical 

effective areas of different working electrodes can be calculated by the following 

Randles-Sevcik equation [47].

Ip = (2.69 × 105) n3/2 AcD1/2ν1/2

where, Ip is the peak current value of the cyclic voltammetry curve at different scan 

rates (μA), 

A is the electrochemical effective area (cm2), 

v is the scanning rate in the cyclic voltammetry test (V⋅s−1), 

D is the diffusion coefficient of potassium ferricyanate solution (7.6 × 10-6 cm2⋅s-1), 

n is the electron transfer number, 

c is the concentration of potassium ferricyanate solution (mol⋅mL-1).

The CV curves with series of scan-rate and the corresponding fitting curves are 

shown in Figure S5. Table S2 lists the electrochemical surface area (ECSA) values for 

different working electrodes. 



Figure S1 SEM image of GO (a), L-AA-0.1-rGO (b), L-AA-0.3-rGO (c), L-AA-0.7-

rGO (d), and L-AA-0.9-rGO (e) ZIF.



Figure S2 (a) FT-IR spectrum of the as-synthesized LAA-X-rGO samples. (b) XPS 

spectrum of the survey spectrum



Figure S3 Contact angles of LAA-X-rGO



Figure S4 (a) BET nitrogen adsorption-desorption isotherm and (b) BJH pore size 
distribution curve of of GO, LAA-0.5-rGO, and ZIF/L-rGO.



Figure S5 (a) DPASV curves tested with GCE, GO, and LAA-X-rGO decorated 

electrodes in HAc-NaAc solution (pH=5) with 2μM Pb2+ and Cd2+. (b) CV curves (c) 

and Nyquist plots of GCE, GO, and LAA-X-rGO decorated electrodes in 0.1 mol/L 

KCl solution with 5.0 mmol/L K3[Fe(CN)6]. (d) The capacitance current of GO, LAA-

X-rGO at scan rates of 10–90 mV s−1 



Figure S6 CV curves with series of scan-rate and the corresponding fitting curves for 

LAA-X-rGO



Table S1 The atomic percentage of GO, LAA-0.5-rGO, and ZIF/L-rGO

O 1s C 1s Co 2p Zn 2p

LAA-0.5-rGO 13.78% 86.21% 0 0

GO 31.22% 68.77% 0 0

ZIF/L-rGO 18.27% 76.79% 1.95 2.98



Table S2 Resistance values of the samples in the equivalent circuit

Rs (Ω) Rct (Ω)

ZIF/L-rGO 9.78 346.6

LAA-0.5-rGO 8.49 1128

GO 6.11 2125



Table S3 The electrochemical effective areas of different working electrodes

Working electrode Electrochemical surface area (cm-2)

GO 5.42ⅹ10-2

LAA-0.5-rGO 5.62ⅹ10-2

ZIF/L-rGO 6.71ⅹ10-2



Table S4 Analytical results of ZIF/L-rGO decorated electrode in river water with 

different contents of Pb2+ and Cd2+

Analys Original Added

(μM)

Detected by 

DPASV

(μM)

Recovery

(%)

ND 3 2.881 96.02Pb2+

ND 1 0.978 97.79

ND 3 2.935 97.84Cd2+

ND 1 1.007 100.71



Table S5 Comparison of different electrodes in the electrochemical detection of heavy 
metal ions

Sensitivity (μA 
μM−1) LOD (nM)

Working electrode
Techniqu
e Pb2+ Cd2+ Pb2+ Cd2+ Ref.

ALA-pNE-
rGO/GCE

DPASV 1.222 0.539 5.94 12.45 1

Cu-L@GCE DPASV 3.89 1.28 2.12 13.63 2

C/Bi4O5Br2/GCE DPASV 1.485 3.66 4.78 2.89 3

Ag@ZIF-1000/GCE DPASV 8.91 4.76 7.28 14.63 4

PtND-CA-
SnNP/ITO

DPASV 5.18 12.43 9.66 13.16 5

CCO@CNCs-2/GCE DPASV 13.95 9.816 1.54 1.13 6

ZIF/L-rGO /GCE DPASV 6.92 2.41 8.67 24.01 This work
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