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Figure S1. The XRD pattern (A), N2 sorption-desorption isotherms (B), zeta potential

(C), and FTIR spectrum (D) of CH4N2O-MoS2.
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Figure S2. The XRD patterns of CH4N2O-MoS2 before and after adsorption (A); N2

sorption-desorption isotherms of CH4N2O-MoS2 after Eu(III) (B), U(VI) (C), and

Eu(III)+U(VI) (D) removal.
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Figure S3. XPS spectra: the wide scan of CH4N2O-MoS2 before and after adsorption

(A); the peaks for Eu 3d (B) and U 4f (C).
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Batch Adsorption Experiments

In the adsorption experiment, the Eu(III) stock solution was derived from europium

nitrate hexahydrate. A certain amount of H4N2O-MoS2 (60 mg), Eu(III) stock solution,

and NaCl solution were added to the Erlenmeyer flask (250 mL). The concentrations

of Eu(III) and NaCl were kept at 100 mg/L and 0.01 M, respectively. The

solid-to-liquid ratio was kept at 1.0 g/L, and the pH was maintained at 5.0±0.2 by

using 0.1-0.01 M HCl or NaOH. The Erlenmeyer flask was shocked at 100 rpm for 12

hours. After separation, the concentration of Eu(III) was detected by an inductively

coupled plasma spectrometer (Agilent 5110, ICP-OES). The adsorption of U(VI) on

H4N2O-MoS2 also followed the above steps. The removal capacity of CH4N2O-MoS2

for Eu(III) or U(VI) can be expressed as:
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where qe (mg/g) is the adsorption capacity, m (g) is the material mass, V (L) is the

solution volume, C0 and Ce (mg/L) are the original and equilibrium concentrations of

Eu(III) or U(VI).

The pseudo-first-order kinetic can be expressed as:
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The pseudo-second-order kinetic is expressed as:
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where qt and qe (mg/g) represent the quantities of contaminant adsorbed on

CH4N2O-MoS2 at time t (min) and equilibrium; k1 and k2 represent the corresponding
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adsorption rate constants.

The Langmuir model is described as:
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The Freundlich model is expressed as:

n
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where Q0 (mg/g) denotes the theoretical saturated adsorption capacity; qe (mg/g) is the

adsorption capacity; b (L/mg) represents the Langmuir constant; Kf (mg/g) and n are

Freundlich coefficients; Ce (mg/L) represents the equilibrium concentration of the

contaminant.
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Table S1. The pseudo-first-order kinetic model and pseudo-second-order kinetic

model for Eu(III) and U(VI) adsorption.

Pseudo-first-order kinetic model Pseudo-second-order kinetic model

Contaminant R2 k1 R2 k2

Eu(III) 0.975 0.074 0.973 0.053

U(VI) 0.982 0.035 0.959 0.027

Table S2. The adsorption capacity of CH4N2O-MoS2 compared with other materials.

Pollutant Adsorbent qe (mg/g) Reference

Eu(III) MoS2 48.6 [1]

Eu(III)
biopolymer chitosan-yeast

combination
19.41 [2]

Eu(III) Al-substituted goethite 6.75 [3]

Eu(III) CMPEI/MCM-48 64.9 [4]

Eu(III) CMC/MMWCNTs 51.1 [5]

Eu(III) CH4N2O-MoS2 69.8 This study

U(VI) MoS2 66.5 [1]

U(VI) Chitosan 22.3 [6]

U(VI) Graphene Oxide 75.71 [7]

U(VI) SDS/MoS2 98.4 [1]

U(VI) CH4N2O-MoS2 137.1 This study
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Table S3. Comparison of BET surface areas and pore diameters of CH4N2O-MoS2

before and after adsorption.

System
BET surface

area (m2/g)

Pore volume

(cm3/g)

Average pore

diameter (nm)

CH4N2O-MoS2 19.1 0.090 18.89

CH4N2O-MoS2+Eu(III) 30.1 0.114 15.21

CH4N2O-MoS2+U(VI) 29.4 0.116 15.74

CH4N2O-MoS2+Eu(III)+U(VI) 36.9 0.141 15.35
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Theoretical calculations

All calculations in this study were performed with the Vienna ab initio Simulation

Package (VASP) [8] within the frame of density functional theory (DFT). The

exchange-correlation interactions of electrons were described via the generalized

gradient approximation (GGA) with PBE functional [9], and the projector augmented

wave (PAW) method [10] was used to describe the interactions of electrons and ions.

Additionally, the DFT-D3 method [11, 12] was used to account for the long-range van

der Waals forces present within the system. The Monkhorst-Pack scheme [13] was

used for the integration in the irreducible Brillouin zone. The kinetic energy cut-off of

450 eV was chosen for the plane wave expansion. The lattice parameters and ionic

position were fully relaxed, and the total energy was converged within 10-5 eV per

formula unit. The final forces on all ions are less than 0.02/Å. The adsorption energy

(Ead) can be calculated as:

Ead= ECH4N2O-MoS2+ EU(VI) - ECH4N2O-MoS2-U(VI) (6)

Figure S4. Front view (A) and top view (B) of optimized molecular structures for

MoS2.
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Figure S5. Optimized molecular structure of CH4N2O.

Figure S6. Optimized molecular structure of U(VI) (UO22+).



11

EXAFS analysis background

The obtained XAFS data was processed in Athena (version 0.9.26) [14] for

background, pre-edge line, and post-edge line calibrations. Then Fourier transformed

fitting was carried out in Artemis (version 0.9.26) [14]. The k3 weighting, k-range of

3- ~11.5 Å-1, and R range of 1-3 Å were used for the fitting of EuCl3. The k3

weighting, k-range of 3-~10.5 Å-1, and R range of 1-3 Å were used for the fitting of

the sample. The k3 weighting, k-range of 3-12 Å-1, and R range of 1-3 Å were used

for the fitting of UO2(NO3)2. The k3 weighting, k-range of 3-~11.5 Å-1, and R range

of 1-3 Å were used for the fitting of the sample. For wavelet transform analysis, the

χ(k) exported from Athena was imported into the Hama Fortran code [15]. The

parameters were listed as follows: R range, 0-4 Å; k range, 0-16 Å-1. Morlet function

with κ=10, σ=1 was used as the mother wavelet to provide the overall distribution

[16].
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