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S1. Characterization of the functional groups and surface charge of OH-GQDs.
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Figure S1. X-ray photoelectron spectroscopy (XPS) survey spectrum (A) and high-resolution
C1s (B), O1s (C) spectra of OH-GQDs. (D) Zeta potential of OH-GQDs at different pH.

S2. Characterization of the selectivity and size change of OH-GQDs towards metal ions .
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Figure S2. (A) The fluorescence intensity ratio obtained from OH-GQDs in the absence (Fo)
and presence (F) of various metal ions (0.5 mM). (B-C) The dynamic light scattering (DLS)
of OH-GQDs in the presence of 0.1 mM of Cu?* (B) or Hg?* (C), respectively.



S3. Characterization of morphology, composition, surface charge and selectivity of NH2-

GQDs.
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Figure S3. TEM images of NH2-GQDs. Insets present high-resolution TEM (HRTEM) image
with resolved crystalline lattice (left) and size distribution of 89 NH2-GQDs (right). (B) AFM
image of NH2-GQDs. Inset is the height profile along the indicated red line. (C-D) High-
resolution XPS O1s and N1s spectra of NH2-GQDs. (E) Zeta potential of NH2-GQDs at
different pH. (F) The fluorescent intensity ratio obtained from NH2-GQDs in the absence (Fo)

and presence (F) of various metal ions (0.5 mM).



S4.  Electrochemical characterization of OH-GQD@VMSF/ITO
GQD@VMSF/ITO.
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Figure S4. (A-B) Cyclic voltammetry (CV) curves obtained from OH-GQD@VMSF/ITO or
NH2-GQD@VMSF/ITO electrode in 0.1 M PBS solution (pH 6.8). (C-D) CV curves obtained

from VMSF/ITO or OH-GQD@VMSF/ITO electrodes in 0.5 mM of Ru(NH3)e** (C) or
Fe(CN)e* (D).



S5. The effects of pH and electrodeposition time on the detection of metal ions.
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Figure S5. The effects of pH and electrodeposition time on detection of Hg?* (A-B, 0.1 uM),
Cu?* (C-D, 1uM) or Cd?* (E-F, 1uM).



S6. Detection of Hg?* or Cu?* or Cd?* at high concentrations using GQD@VMSF/ITO

electrode.
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Figure S6. (A-B) Differential pulse voltammetry (DPV) curves obtained from OH-
GQD@VMSF/ITO electrode in response to different concentrations of Hg?* or Cu?*. (C)
DPV curves obtained from NH2-GQD@VMSF/ITO electrode in response to different
concentrations of Cd?*. The insets in A-C show the linear dose response curves in the high

concentration range.

S7. Simultaneous detection of Hg?* and Cu?* using OH-GQD@VMSF/ITO electrode.
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Figure S7. DPV curve obtained from OH-GQD@VMSF/ITO electrode in response to Hg?*
(0.25 nM) and Cu?* (0.6 nM).



S8. The anti-fouling and anti-interference properties of GQD@VMSF/ITO for the

detection of Hg?* or Cu?*or Cd?*.
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Figure S8. (A-B) The current ratio obtained from OH-GQD@VMSF/ITO in Hg?* or Cu?*
solution containing different substances. (C) The current ratio obtained from NH2-
GQD@VMSF/ITO in Cd?* solution containing different substances. The concentration of
Hg?*, Cu?* or Cd?* is 0.5 uM. The concentrations of other metal ions or substrates are 5.0 uM

or 20.0 pg/mL, respectively. The human blood was diluted by a factor of 100.

S9. Characterization of morphology of VMSF prepared by EASA method on Au

electrode.

Figure S9. (A and B) Top-view TEM images of VMSF prepared by the EASA method on Au

electrode.



S10. Detection performance of different electrochemical sensors.

Table S1 Comparison between electrochemical detection of Cd?*, Cu?* and Hg?* using

different modified electrode.

Electrode materials

Analyte

Detection range

LOD

Ref.

GQD@VMSF/ITO

ng+; CU2+; Cd2+

10 pM-1 nM; 10 pM-1

9.8 pM; 8.3 pM; 4.3 This

nM; 20 nM-1.0 uM nM work

NiCo:0 nanoplatelets/GCE ~ Hg?; Cu?*; Cd2e 05 o0 o 0410 uM; 428 nM: 28.5nME40
Ceo-CS/GCE Hg?*; Cu?*; Cd2* 31811(?5?9ng 00560 3nm:1anm;200M 2
Alk-TisC2/GCE Hg?; Cu Cdz 01l 5\1}4; 0413 MG 4Sh M 52 M 98
IAP30/RTIL electrode Hg?*; Cu?*: Cd?* 8?;2 “L;\I}/l; 0.1-2.5 uM; gg’\r;lM 2 nM; 4
FesO4/GO- PtNAS/CF Hg2* 0.1 nM-100 nM 30 pM 5
FesOs@AUNPs-DNA Hg?* 10-100 nM 1.7nM 6
MCH/P1/Aupiaie/ GCE Hg?t 0.1 nM-250 uM 0.01 nM 7
porous 3D S-doped RGO Hg?* 0-0.6 uM 0.5nM 8
DSP-

AUNPS/PAMAM/MWCNT/GCE  CU** 0.001-1 uM 0.48 nM 9
GQDs/graphene/ GCE Cuz* 0.015-8.775 uM 1.34nM 10
GCE/PAA Cu2* 0.050-10 uM 8.4 nM 11
Lab-on-a-tip gold wires Cu2* 0.3-4.7 uM 94.4nM 12
ePAD with IS film electrodes Cd2+ 0.044-0.356 uM 8.0nM 13
NCQDs-GO/GCE Cd2+ 0.1-100 uM 66.2 nM 14
Nano AlsSiC4-RGO/GCE Cd?* 0.45-24.0 uM 19 nM 15
Nano NH2/Sn02-RTL/ GCE Cd2+ 0.01-0.2 uM 5.4nM 16
Gold-coated nano carbon tape Cd2* 0.018-1.33 nM 0.9nM 17

GCE, glassy carbon electrode; Ceo-CS, Ceo-Chitosan; Alk-TisCz, alkaline intercalated TisC2
Mxene; IAP30, irradiated attapulgite; RTIL, ionic liquid composites; RGO, reduced graphene
oxide; PtNAS/CF, platinum nanotube arrays modified carbon fibers; FesOs@AuNPs-DNA,
DNA modified FesOs@AuU magnetic nanoparticles; MCH/P1/Auplate, 6-
mercaptohexanol/thiolated capture  probe/Au-plated; DSP-AuNPS/PAMAM/MWCNT,
dithiobis[succinimidylpropionate]  encapsulated ~ Au  nanoparticles/poly(amidoamine)
dendrimers/multi-walled carbon nanotubes; PAA, poly(azure A); ePAD with IS film,
electrochemical paper-based analytical device with integrated sputtered film; NCQDs, N-
doped carbon quantum dots.
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