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Fig. S1: A: Fluorescence spectra of coal-based CDs prepared at different reaction times；B：Fluorescence 

spectra of coal-based carbon dots prepared at different voltages.

Fig. S2：A: Coal-based CDs prepared by DMSO, EtOH, AC, ACN；B: Coal-based CDs prepared at 

different times C: Fluorescence spectra of coal-based CDs prepared at different temperatures.
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Fig. S3 The high-resolution N1s spectrum of CDs XPS.

Fig. S4: A: The influence of pH on the fluorescence intensity of coal-based CDs; B: The influence of time on 

the fluorescence intensity of coal-based CDs; C: The influence of ion concentration on the fluorescence 

intensity of coal-based CDs.

Fig. S5 Changes in color and fluorescence of CDs solution (100µM) upon addition of different ions (CDs, 

Fe3+, Ti4+, Al3+, Ag+, Ca2+, NH4
+, Hg2+, Cu2+, Na+, Mg2+, Ba2+, Cd2+, Cr3+, Ni2+, B4O7

2-, S2O3
2-, CO3

2-, HSO3
-、

H2PO4
-, AlO2

-, OH-, F-, SO3
2-, SO4

2-, Cl-, HCO3
-, CH3COO-)



Fig. S6 CDs at different (A) pH values; (B) Response time; (C) Temperature; The fluorescence intensity 

after adding Fe3+ under certain conditions.
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Fig. S7 The fluorescence intensity of CDs before and after the addition of Fe3+ over time.
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Fig. S8 Zeta-Potential of CDs in the presence or absence of Fe3+



Fig.S9 Repeated on-off switching of the fluorescence emission of CDs in SiO3
2- and Fe3+ solution cycles.

Table S1. Comparison of CDs with existing coal-based carbon points

Carbon Precursor Synthesis method appliance quantum 
yield

Ref.

coal-based humic 

acid
solvent heat sensing of H2O2 7.6% S1

Coal-based humic 

acid
hydrothermal 14% S2

Low-rank coal nitric acid oxidation fluorescent inks 9.11% S3

Lignite
ultrasound-assisted 

hydrogen peroxide Detection of Cr6+ 1.37% S4

Anthracite and lignite

Sulfuric acid and 

nitric acid are 

mixed and oxidized
Anti-counterfeiting 1.62% S5

raw coal 8.9%
coal washery rejects

Mixed oxidation of 

H2O2 and NH3
.H2O

Optoelectronic 
devices 14.9%

S6

Coal
Mixed oxidation of 

H2O2 and HCOOH Detection of Fe3+ 7.2% S7

Lignite Oxidation of H2O2 Detection of Cu2+ 0.81% S8

Coal pitch
Mixed oxidation of 

H2O2 and HCOOH 3.77% S9

Coal pitch

Hydrothermal in 

H2O2 and HCOOH 

solution
LED 8.36% S10

Lignite
Chemical oxidation 

with H2O2 

Detection of Fe3+ in 
soil 23.49% This work



Table S2. Comparison of the Fe3+ detection limit between CDs and the existing CDs 

detection

Carbon Precursor
Synthesis 

method

Detection 

object
Detection

limit
Ref.

 citric acid hydrothermal Fe3+ 0.753 µM S11

waste egg tray paper 
pulp

hydrothermal Fe3+ 1.418 µM S12

methionine solvent heat Fe3+ 7.12µM S13

 citric acid solvent heat Fe3+ 4.5 µM S14

sodium citrate hydrothermal Fe3+ 1.41 µM S15

mushroom hydrothermal Fe3+ 16 μM S16

coffee grounds solvent heat Fe3+ 4.31 μM S17

Lignite
Chemical 

oxidation with 
H2O2

Fe3+ 0.123 µM This work

Table S3. Detection of Fe3+ present in the original soil at different pH levels

Sample pH value Measured value of Fe3+ 
(n=3) (μM)

Relative standard 
deviation (%)

2 0.79 1.52%
4 0 --
6 0 --

Soil 
leachate

8 0 --
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