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Materials
[bookmark: OLE_LINK27]Sodium ligninsulfonate (SLS) and other chemical reagents were brought from Aladdin Reagents Company (Shanghai, China). Ethylenediamine (EDA) was purchased from Sigma Aldrich chemical reagent co. (ST, Louis, USA). A standard solution of Mn (1000 mg/mL) was obtained from Grinm Group Corporation Limited, China, which was prepared via nitric acid dissolving manganese. The above-all reagents are analytical grade. Ultrapure water (≥18.25 MΩ·cm) was used from a Milli-Q system (Millipore, Bedford, USA).
Characterization
The transmission electron microscopy (TEM) image and high-resolution transmission electron microscopic (HRTEM) image were obtained from a JEOL JEM-2100 transmission electron microscopy (Tokyo, Japan). The atomic force microscopy (AFM) image was gained on a Veeco Nanoscope Quadrex AFM (Bruker AFM Probes,Camarilo, CA, USA). The X-ray photoelectron spectra (XPS) and Fourier transform infrared spectra (FTIR) were performed on an AXIS ULTRA DLD X-ray photoelectron spectrometer (Kratos, Tokyo, Japan) and a Bruker Tensor II FTIR spectrometer (Bremen, Germany), respectively. The elemental analysis was mainly acquired on an Elementar Analysen systemevario EL cube elemental analyzer (Hanau, Germany), except Na, which was gained from an Inductively Coupled Plasma-Atomic Emission Spectrometer iCAP 7400 (Thermo Fisher, USA). The UV-vis spectra, PL spectra, and nanosecond fluorescence lifetime assays were acquired on a Lambda 365 UV/Vis absorption spectrophotometer (PerkinElmer, Llantrisant, UK) at 200-800 nm, a Varian Cary Eclipse spectrofluorometer (Palo Alto, CA, USA), and a FLS 920 fluorescence spectrophotometer (Edinburgh Instruments, England), respectively.
Quantum yield measurement
[bookmark: OLE_LINK1]The quantum yield (ΦS) of the SLS-CQDs was obtained by comparing the photoluminescence (PL) intensity and optical density (OD) with quinine sulfate as reference (ΦR = 0.54) in 0.10 M H2SO4 (refractive index, ηR = 1.33) while the SLS-CQD was dissolved in ultrapure water (ηS = 1.33). The fluorescence intensity and absorbance of quinine sulfate and the SLS-CQD at different concentrations were measured at 402 nm, respectively. The fluorescence intensity is the area under the fluorescence curve in the wavelength range of 422-700 nm. Then the relation between the photoluminescence intensity and the absorbance is plotted. The quantum yield is obtained by the following formula [1]:
ΦS = ΦR (GradS / GradR) (η2S / η2R)
Where the subscripts S and R refer to the SLS-CQD and quinine sulfate, respectively. Grad is the gradient diagram of fluorescence intensity against absorbance. In order to minimize the self-absorption effect, the OD value of excitation wavelength is kept below 0.10 in the fluorescent tube with the length of 10-mm path-length fluorescence cuvette. The quantum yield of the SLS-CQD was around 10.23%.

[1] X. Gong, Q. Hu, M.C. Paau, Y. Zhang, S. Shuang, C. Dong, M.M.F. Choi, Red-green-blue fluorescent hollow carbon nanoparticles isolated from chromatographic fractions for cellular imaging, Nanoscale 6 (2014) 8162-8170.
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[bookmark: _Hlk57108514]Figure S1. Zeta potential of SLS-CQDs


Table S1. Elemental analysis of the SLS-CQDs: (A) elemental content and (B) relative atomic number in a SLS-CQDs.
(A)
	Elemental content (weight %)

	C
	H
	N
	S
	Na
	O(Calculated)

	25.28
	5.16
	16.06
	5.12
	3.69
	44.69


(B)
	Relative number of atom
	Empirical formula

	C
	H
	N
	S
	Na
	O
	C26H64O35N14S2Na2

	26
	64
	14
	2
	2
	35
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Figure S2. EDX spectra of SLS-CQDs
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(A)                                     (B)
Figure S3. (A) quinine sulfate and (B) SLS-CQDs at excitation and absorption wavelengths of 402 nm.
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(E)
Figure S4. Effect of (A) ionic strength, (B) pH, (C) H2O2, (D) UV irradiation, (E) xenon lamp irradiation on the fluorescence intensity of the SLS-CQDs (1.0 mg/mL).
(A) [image: S4B][image: S4A]                                 (B)                                                              
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[bookmark: _Hlk117346011]Figure S5. Comparison of the fluorescence intensity of the SLS-CQDs (1.0 mg/mL) after the addition of different (A) metal ions, (B) anions, (C) amino acids. 
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[bookmark: OLE_LINK3][bookmark: OLE_LINK5][bookmark: _Hlk56604476]Figure S6. Comparison of fluorescence intensity of the SLS-CQDs (1.0 mg·mL-1) after the addition of different (A) metal ions (shown as orange bar), (B) anions (shown as orange bar), (C) amino acids (shown as orange bar) and Mn (0.2 mM, shown as green bar).
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[bookmark: OLE_LINK8]Figure S7. (A) Effect of SLS-CQDs concentration on (F0 - F) / F0 with 2 mg/L Mn. (B) The equilibration time of Mn detection under the SLS-CQDs.
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[bookmark: OLE_LINK7]Figure S8. The titration trend diagram of SLS-CQDs at various concentration of Mn (0-160 mg/L). F0 and F are the fluorescence intensities of the SLS-CQDs in the absence and presence of Mn.


Table S2. Fluorescence lifetime of SLS-CQDs (1.0 mg/mL) in the absence and presence of Mn. 
	Sample name 
	τ1(ns)/A1(%)
	τ2(ns)/A2(%)
	Average τ(ns)
	χ2

	SLS-CQDs
	1.9731/42.85
	5.6806/57.15
	4.09
	1.098

	SLS-CQDs + 5 mg/L Mn
	1.9546/41.51
	5.6311/58.49
	4.10
	1.124




[image: 加入不同浓度锰紫外图][image: S8] 
                (A)                                           (B)
[bookmark: OLE_LINK9]Figure S9. (A) The absorption spectrum of Mn (5 mg/L) and the emission spectra of SLS-CQDs. (B) UV-vis spectra of SLS-CQDs after adding different concentrations of Mn.
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(A)                                       (B)
[bookmark: OLE_LINK4]Figure S10. (A) Fluorescence recovery of different concentrations of Mn in the presence of AA (50 μM). (B) The PL intensities of the SLS-CQDs-Mn system in the presence of AA (50 μM) against incubation time. 



















[bookmark: _Hlk117191530][bookmark: _Hlk117192281]Table S3. Comparison of detection response time between this work and other research systems

	System
	Object
	Response time
	Ref.

	N, P-CDs
	Mn(VII)
	40 s
	(Du et al., 2018)

	Tyloxapol
	MnO4-
	30 min
	(Ding et al., 2017)

	N, S, P-CNDSac. 

	Mn(VII)
	30 s
	(Gong et al., 2017)

	
	AA
	1 min
	

	GSH-AuNCs

	Fe3+
	30 s
	(Dong et al., 2021)

	
	AA
	18 min
	

	SLS-CQDs
	Mn
	5 min
	This work

	
	AA
	2 min
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