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Text 1. Synthesis of MoS, with different S/Mo precursor atomic ratio

For the synthesis of MoS, using S/Mo precursor atomic ratios of 1:1, 3:1, 5:1, 10:1, a certain
amount of thioacetamide and ammonium heptamolybdate tetrahydrate were dissolved in 24 mL
deionized water. The mixture was stirred in a magnetic stirring apparatus for 1h, and the mixed
solution was then transferred to a 50 mL Teflon-lined stainless-steel autoclave and heated at 180
°C, 200 °C, 220 °C or 240 °C for 12 h. After the reaction, the system was terminated by natural
cooling to room temperature. The as-synthesized MoS, was collected in a centrifuge tube and
washed with deionized water and ethanol several times by repeatedly centrifuging, decanting the
liquid, and resuspending the solids. The purified samples were stored in DI water in an N,-filled
glove-box. The addition of thioacetamide and ammonium heptamolybdate tetrahydrate was listed

in Table S1.

Table S1 Synthesis of MoS, with different S/Mo precursor atomic ratio

S/Mo 1:1 2:1 3:1 5:1 10:1

Thioacetamide/mmol 8.60 17.17 20.23 20.23 20.23

Ammonium heptamolybdate
tetrahydrate/mmol

1.23 1.23 0.96 0.58 0.29

Table S2. Pb*" removal performance by other common adsorbent materials.

Adsorbent Max capacity Removal mechanism Reference
632.91 mg/g (1T) and Electrostatic adsorption .

Hydrothermal MoS, 81.63 mg/g (2H) and S-Pb complexation this work
3-MnOQO;, 10.2 mg/g Electrostatic adsorption 1
AC/mZVI 59.35 mg/g Electrostatic adsorption 2
Amio-Fe;0, 40.10 mg/g Electrostatic adsorption 3
Polyaniline grafted chitosan 16.07 mg/g Electrostatic Adsorption 4
XC-72 carbon 125.0 mg/g AdSOI"pt'IOI’I‘ and 5

precipitation

Fe;04,@TMU-32 1600 mg/g Electrostatic adsorption 6
Magnetic GO 385.1 mg/g Electrostatic adsorption 7
Thiol-modified biochar 55.4 mg/g S-Pb complexation 8
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Table S3. Pb** removal performance by MoS, nanosheets and composites.

complexation

Adsorbent Max capacity Removal mechanism Reference
632.91 mg/g (1T) and 81.63 Electrostatic adsorption and .

Hydrothermal MoS, me/g (2H) S-Pb complexation this work

Chemical exfoliated 740 me/ S-Pb complexation, 9
MoS, g membrane separation
Calcined MoS, ~147.09 mg/g and 64.16 mg/g S-Pb complexation 10
Hollow MoS, ~1267 mg/g S-Pb complexation 11
Hydrothermal MoS, 26.0 mg/g and 152.0 mg/g S-Pb complexation 12
Pb-S complexation and
MoS,-N-H 303.04 mg/g electrostatic adsorption 13
Hydrothermal MoS, ~293 mg/g Electrostatic adsorption 14
. 588.24 mg/g for MnFMC and  Inner-sphere complexation
ferrite-MoS,-carbon 660.67 for CoOFMC and ion-exchange 15
rGO@MoS, 498 mg/g Surface complexation 16
. Metal-sulfur chemical
MoS,@biochar 189 mg/g complexation 17
MoS,@Fe;0, 240.7 mg/g Surface complexation 18
Fe;04@polydopamine 508.9 mg/g Ion exchange an.d surface 19
-MoS, complexation

MoS,/clinoptilolite 50 mg/g Surface complexation 20
MoS,/FeO, 263.6 mg/e Metal-sulfur chemical 71

Table S4. The comparison of E,4s between vacuum model and implicit solvation model.

Model E.gs (vacuum), eV E.gs (vaspsol), eV
MoS,-Ag (1T) -4.52 -6.72
MoS,-Pb (1T) -6.12 -9.47
MoS,-Ag (2H) -0.90 -1.00
MoS,-Pb (2H) -1.34 -1.69
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Figure S1. Mo 3d XPS spectra of as-synthesized MoS, samples at S/Mo precursor atomic ratios from 1 to
10 and synthesis temperatures of 180°C (a), 200°C (b), 220°C (c), 230°C (d), and 240°C (e).
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Figure S2. 1T-MoS, (left) and 2H-MoS, (right) aqueous suspensions.

Figure S3. HAADF image of 2H-MoS,; (a), EDS mapping of S (b) and Mo (c).
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Figure S4. Ag* removals by 1T- (a) and 2H-MoS, (b) as a function of reaction time.
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Figure S5. Pb?" removals by 1T- (a) and 2H-MoS, (b) as a function of reaction time.
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Figure S7. Langmuir fitting of adsorption curves of the heavy metal ions by MoS, in Fig. 3. Linear form of

C. 1 1

C

e
Langmuir isothermal model was de 90K, o (C. was equilibrium concentration, g, was equilibrium
adsorption capacity, K; was Langmuir constant). (a) Fitting of Ag* removal by 1T-MoS,; (b) fitting of Ag*

removal by 2H-MoS,; (¢) fitting of Pb?>* removal by 1T-MoS,; (d) fitting of Pb?>* removal by 2H-MoS,.
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Figure S8. Pb*" removals by 1T-MoS, nanosheets at different pH conditions.
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Figure S9. Ag" and Pb*" removals by 1T-MoS, nanosheets at different temperatures.
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Figure S10. Removal kinetics of Pb*" by 1T-MoS, within 1 d. The initial concentrations of Pb a

nd MoS, were 10 and 100 mg/L, respectively.
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Figure S11 Removal capacity of (a) Ag" and (b) Pb?" by 1T-MoS, (50 mg/L) in the absence and presence

of common cations (Na*, Mg?*, Ca?") in different concentrations at pH 6. The initial concentration of Ag*
or Pb?*is 150 mg/L.
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Figure S12. (a) Pb removals by stacked MoS, and (b) EDTA recovery efficiency in 7 consecutive tests.

Figure S13. SEM images and EDS mapping of 1T-MoS,-Ag" and 2H-MoS,-Ag". The regions highlighted

with orange dash line represent the presence of metallic Ag.
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Figure S14. XRD patterns of 1T- and 2H-MoS, before and after Ag* removal.
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Figure S15. XRD patterns of 1T- and 2H-MoS, before and after Pb** removal.
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Figure S18. XRD pattern of as-synthesized 1T-MoS, sample dried in N, from 1h to 48h.
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Figure S19. Crystal structure of 1T-MoS, in (a) the x-y plane and (b) the z direction (Yellow circles
represent Mo atoms, blue circles represent S atoms). For as-synthesized 1T-MoS,, an ~8 % weight loss was
detected in the heating process at ~ 100°C. The lattice parameters of 1T-MoS, are a=b=3.25A, ¢c=6.14 A,
a=P=90°, y=120°. The area of the 9-lattice crystal plane is 9.506x10-'* m?. There are 16 molecules of MoS,
in a 9-lattice unit cell, and 8 % of the total mass is accounted for by about 11.4 water molecules. The volume

of a single water molecule is 3x102° m?, so the volume of 11.4 water molecules is 3.42x10-28 m3. If they

3.42x 108

-19
are uniformly distributed throughout the crystal plane, the interlayer will increase by 9-506 x 10~ "=0 36

nm.

S15



Figure S20. Contact angle testing of 1T-MoS, (a), 2H-MoS; (b).

Hydrothermal Process

al & OH ¢ e

Q.L@Lg, CRhe RERG R precursor
180°C ( x 240°C
& @
€6 ¢ do'
@L@ C Y *e P ® e intermediate
Ceoa
hydrophilic hydrophobic

t water molecule intercalation %

1T-MoS, 2H-MoS,

Figure S21. The schematic illustration of the formation process of spacing-varied nanochannels in 17T-

and 2H-MoS, samples.
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Figure S24. The projected density of states (pDOS) analysis for (a) 1T MoS, and (2) 2H-MoS,. The band
gap of 1T-MoS, is smaller than that of 2H-MoS,, indicating that the 1T-MoS, is metallic, while the 2H

phase of MoS; is semiconducting.
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