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1. Figures and Tables

Fig. S1 Size distributions of MoS2 QDs (a) and I-MoS2 QDs (b)

Fig. S2 High-resolution XPS spectra of iodine (I 3d) in I-MoS2 QDs Binding energies 

of I 3d3/2 and I 3d5/2 are 629.41 and 617.95 eV.

     

Fig. S3 Optimized geometries for I-MoS2 QDs in the top (a) and side (c) view (bright 
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yellow spheres denote S element, lavender spheres: Mo element, purple spheres: I 

element). Top (b) and side (d) view of charge density difference plots for I-MoS2 QDs. 

The khaki and cyan distribution respectively represent electron accumulation and 

depletion. Isosurface was set as e–1Å3

Fig. S4 (a) Relative Fluorescence intensities of I-MoS2 QDs (10 μM) mixed with 

different metal ions (250 μM) in aqueous solution. Bars donate the emission intensity 

ratio F/F0 (F0 and F represent the fluorescence intensities of I-MoS2 QDs without and 

with different metal ions and the small molecules, 1=blank, 2=Fe3+, 3=Na+, 4=K+, 

5=Mg2+, 6=Ca2+, 7=Zn2+, 8=Cu2+,9= Fe2+, 10=Co2+, 11=Ni2+,12=Cr3+ ions, 13=L-

cysteine (CY), 14=alanine(AL), and 15=glycine(GL)). (b) Under 365 nm UV light, the 

corresponding pictures of I-MoS2 QDs without and with different metal ions and the 

small molecules. 



3

Fig. S5 Interference of different metal ions and small molecules on the detection of Fe3+ 

ions by I-MoS2 QDs system (1=blank, 2=Na+, 3=K+, 4=Mg2+, 5=Ca2+, 6=Zn2+, 

7=Cu2+,8= Fe2+, 9=Co2+, 10=Ni2+,11=Cr3+ ions, 12=L-cysteine (CY), 13=alanine(AL), 

and 14=glycine(GL)). 

Fig. S6 Change of fluorescence of I-MoS2 QDs at different pH. (F0 is the initial 

fluorescence intensity of the I-MoS2 QDs. F is fluorescence intensity of the I-MoS2 

QDs at the different pH).



4

Fig. S7 UV-vis absorbance spectrum of Fe3+ ions, the fluorescent excitation (EX) and 

emission (EM) spectra of N-MoS2 QDs.  

Fig. S8 Fluorescence intensity ratios F/ F1 versus incubation time (a) and pH (b) after 

the addition of F− ions into I-MoS2 QDs/Fe3+system. F1 and F is fluorescence intensity 

of I-MoS2 QDs/ Fe3+ compound before and after adding F− ions.
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Fig. S9 Fluorescence intensities of “turn-off-on” cycles as alternately addition of Fe3+ 

and F− ions into I-MoS2 QDs/Fe3+ system.

Fig. S10 (a) Relative Fluorescence intensities of 10 μM I-MoS2 QDs mixed with 250 

μM Fe3+ aqueous solution without and with various anions. Bars donate the emission 

intensity ratio F/F1 (F1 and F represent fluorescence intensities of I-MoS2 QDs/ Fe3+ 

system without and with different anions, 1=blank, 2=F−, 3=Cl−, 4=Br−, 5=I−, 6=OH−, 

7=HCO3
−, 8=CO3

2−, 9=SO3
2− and 10=SO4

2−). (b) Under 365 nm UV light, the 

corresponding pictures of I-MoS2 QDs/Fe3+ system without and with different anions.
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Fig.S11 Interference of different anions on the detection of F- ions by I-MoS2 QDs/Fe3+ 

system (1=blank, 2=Cl−, 3=Br−, 4=I−, 5=OH−, 6=HCO3
−, 7=CO3

2−, 8=SO3
2− and 

9=SO4
2−).

Table S1. Emission wavelengths (nm), FWHM, photoluminescence quantum yield 

(PLQY) of MoS2 QDs samples labeled as S1, S2, S3 and S4.

Sample Emission wavelength 

(nm)

FWHM

(nm)

PLQY

(%)

S1 423 95 6.8a

S2 474 98 7.1a

S3 501 105 6.4b

S4 529 110 5.7b

a Quinoline sulfate as a standard (PLQY = 55%). b Rhodamine 6G as a standard (PLQY 

=95%).

Table S2. Determination of F− ions by the fluorescent probes based on different 

quantum dots.

Sensor Linearity LOD Ref.
CdS QDs 10–300 μM 6 μM 1

CdS/ZnS QDs 300–5600 μM 74.0 μM 2
CdTe QDs 0–10 mM 5.0 μM 3

Ag doped CdS/ZnS QDs 10–1200 μM 5.25 μM 4
Se,N-doped C QDs / 1.3 μM 5
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graphitic carbon nitride QDs 10–120 μM 4.06 μM 6
Mn2+-doped ZnTe/ZnSe QDs 0.25–1.5 μM 0.1 μM 7

Fe3+-MoS2 QDs 2.5-80 μM 1.4 μM This work

Table S3. Determination of F− (μM) in three water samples with I-MoS2 QDs/Fe3+ 

fluorescent probe and ion chromatograph (IC) method (n=3).

Samples F− concentration
(μM)

found F−

(μM)
Recovery 

(%)
RSD
(%)

Found by IC
(μM)

0 26.20 - 3.1 26.30±0.10
5 31.40 97.6 1.5 31.27±0.15

Lake 
water

10 36.50 102.0 2.0 36.40±0.20
0 20.90 - 2.9 20.50±0.15
5 25.34 98.4 1.3 25.44±0.18

Tap 
water

10 30.76 101.9 1.7 30.57±0.15
0 42.3 - 3.9 42.10±0.14
5 47.6 103.2 2.8 47.26±0.18

Well 
water

10 52.2 98.9 1.8 52.09±0.15

2. Formula and calculation

2.1 Photoluminescence quantum yield (PLQY)

PLQY of MoS2 QDs was tested via a relative measuring method. PLQY of Quinoline 

sulfate aqueous solution (0.55 in 0.1 M diluted H2SO4) and Rhodamine 6G (0.95 in 

ethanol) were selected as reference materials. Absorbed optical density of the 

reference materials andMoS2 QDs were kept under 0.1 to minimize re-absorption 

effects. The PLQY of MoS2 QDs was calculated according to the formula:

Where Φs and Φr represent PLQY of MoS2 QDs samples and reference materials. As 

and Ar stand for absorbance of MoS2 QDs samples and reference materials. Is and Ir 

were integrated emission intensity of MoS2 QDs samples and reference materials. ns 
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and nr denoted respectively refractive index of solvents used for MoS2 QDs and 

reference materials. DI water, ethanol and 0.1 M H2SO4 are respectively used to 

dissolve MoS2 QDs, Rhodamine 6G and Quinine Sulfate. Refractive index of DI water, 

ethanol and 0.1 M H2SO4 are respectively 1.33, 1.36 and 1.63.

2.2 Computational detail of DFT

DFT calculations were conducted through the Vienna ab initio Simulation Package 

(VASP) with the projector augment wave method. The exchange-correlation function 

is treated with the generalized gradient approximation of the PBE functional. A plane-

wave cutoff energy was set as 500 eV, and structure relaxation was performed until the 

convergence criteria of energy and force reached 1 × 10–5 eV and 0.02 eV Å–1, 

respectively. A vacuum layer of 20 Å was constructed to eliminate interactions between 

periodic structures of surface models. The Brillouin zone was sampled with 4 × 4 × 1 

K points for MoS2 (002) surface.

2.3 The Stern–Volmer equation

𝐹0 ‒ 𝐹

𝐹
= 𝐾𝑆𝑉𝐶𝑞 = 𝐾𝑞𝜏0𝐶𝑞

Where F0 and F are the fluorescence-intensities of I-MoS2 QDs with and without 

Fe3+ ions; Cq is Fe3+ ions concentration, and Ksv is 0.0114 (μmol/L)−1 obtained by the 

slope of the regression line. Here, the τ0 is average fluorescence-lifetime of MoS2 QDs 

about 1.42 ns. As-obtained quenching rate constant Kq is about 8.03 × 1012 (mol/L)−1s−1, 

which is higher than 1.0×1010 (mol/L) −1s−1. 
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