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1 Experimental section

1.1 Characterization

The PXRD patterns for the samples were taken on a flat plate in the 20 range 4-50°, using a Puxi DX-3 X-ray powder
diffractometer, equipped with Cu Ka (A = 1.5418 A) radiation. The thermogravimetric analysis (TGA) was performed
under a nitrogen atmosphere with the heating rate of 10 ‘C min-! with METTLER TPLEDO DSC+ thermal analyzer.
Fourier transform infrared (FT-IR) spectra of the samples were measured on a Agilent Cary 630 infrared spectrum
apparatus using the KBr sheeting method in the range of 4000-400 cm™. The concentration of metal ions before
and after adsorption were determined by Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES,
Agilent, 5100). pH meter (INESA PHS-3C) was used to measure the pH of solutions and Zetasizer Nano series (Nano-
Z590) was used to measure the surface charge of the samples. The Perkin-Elmer 240 analyzer was applied to
determine the contents of nitrogen, hydrogen and carbon. The Agilent Cary 60 spectrophotometer was applied to
record the Ultraviolet—visible spectra. X-ray photoelectron spectroscopy (XPS) was conducted on a Thermo
Scientific™ K-Alpha™* spectrometer equipped with a monochromatic Al Ka X-ray source (1486.6 eV) operating at
100 W. Samples were analysed under vacuum (P < 10-8 mbar) with a pass energy of 150 eV (survey scans) or 50 eV
(high-resolution scans). All peaks would be calibrated with Cls peak binding energy at 284.8 eV for adventitious
carbon. Single-crystal diffraction data was collected on a CCD area detector diffractometer equipped with Mo K,
radiation (A = 0.71073 A). The structures were solved by direct methods and refined by full-matrix least-squares
with Olex2 programs.! The disordered solvent molecules were removed by the SQUEEZE program.? CCDC 2206369
and 2206383 for NCD-166 and NCD-167 <can be obtained free of charge from

http://www.ccdc.cam.ac.uk/data_request/cif or by emailing data request@ccdc.cam.ac.uk, or by contacting The

Cambridge Crystallographic Data Centre, 12 Union Road, Cambridge CB2 1EZ, UK; fax: +44 1223 336033.

1.2 Calculations of Adsorption Kinetics
The curves were fitted using pseudo-first-order model (Eq. S1), pseudo-second-order model (Eq. S2) and Weber-

Morris intra-particle diffusion model (Eq. S3).

In(ge=q:) = In(qe) - kat (1)
t/qtz 1/(ky % qez) + t/qe (2)
qe= kto+.C @)

where g, and g; (mg g!) were the adsorption capacity at equilibrium and a specific time, respectively. kq, k, (min1)
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and k (mg gt min%>) respectively represented the rate constant of pseudo-first-order model, pseudo-second-order

model, and Weber-Morris models.

1.3 Calculations of Adsorption Isotherms
The adsorption isotherms were fitted using the Langmuir model (Eq. S4), and Freundlich model (Eq. S5)
Ce/qe =1/(Kpx qm) + Ce/Qm (4)

Ing. = InK¢ + (1/n) InC, (5)

1.4 Calculations of Selectivity Adsorption

The selectivity towards Eu3* was determined through the calculation of the selectivity (Sgy, %, Eq. S6).
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Fig. S1. TGA curves of NCD-166 and NCD-167.
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Fig. S2. PXRD patterns of NCD-166 (a) and NCD-167 (b) soaked in different pH aqueous solutions for 24 h.
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Fig. 3. The curves fitted by Weber-Morris intra-particle diffusion models for Eu3* adsorption
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Fig. S4. Solid state UV-vis spectra of NCD-167 before and after Eu3* adsorption.
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Fig. S5. The coordination environment of the organic ligands and Zn?* ions of NCD-167.
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Fig. S6. Crystal photographs of NCD-166 (a) and (b) NCD-167.
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Fig. S7. PXRD pattern of NCD-167 before and after Eu3* adsorption.

(a)so{l Incp-166] | NCD-167

wu
Q
1

40 -

Selectivity (%)

e}
(=]
L

=
o
1

La

100

(b) I Incp-1es| | NCD-167
80 4
X
= 60
o~
=
=
o 404
©
w
20
04
Eu Dy Eu Fe
metal ions metal ions

Fig. S8: (a) The recycling performance of NCD-166 and NCD-167; (b) PXRD pattern of NCD-166 and NCD-167

before and after recycling.

Table S1. Crystal Data and Structure Refinement for NCD-166 and NCD-167

Compound NCD-166 NCD-167

Empirical formula C;oH,6NOsZn CyoH,6NOsZn
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Formula weight
Temperature/K
Crystal system
Space group
a/A
b/A
c/A
o/°
B/
v/°
Volume/A3
VA

Peacl/cm’
w/mm*
F(000)

Crystal size/mm?

Radiation

268range for data collection/®

Index ranges

Reflections collected

Independent reflections

Data/restraints/parameters

Goodness-of-fit on F

Final R indexes [I>=20 ()]
Final R indexes [all data]

Largest diff. peak/hole / e A

615.94
100.15
trigonal
P-3
26.672(5)
26.672(5)
13.683(3)
90
90
120
8430(4)
6
0.728

0.463

1908
0.12x0.09x0.04
MoKa (A =0.71073)

4.264 to 50.002

-31<h<31,
-30<k<31,
-14<1<16
41766
9930 [R, , = 0.1619,
R, . =0.1227]

sigma

9930/20/387

1.053

R, = 0.0786,
WR, =0.2153
R, =0.1325,
WR, = 0.2725

0.95/-0.59

603.93
100.15
trigonal
P-3
26.7528(12)
26.7528(12)
13.4196(12)
90
90
120
8317.8(11)
6
0.723
0.468
1872
0.09 x 0.05 x 0.09
MoKa (A = 0.71073)
1.758 to 50.02
-30<h <31,
-27 <k <31,
-12<1<15
43031
9782 [R,,, = 0.0834,
Rsigma = 0-0755]
9782/14/378

1.041
R, = 0.0567,
WR, = 0.1775
R, = 0.0860,
WR, = 0.2004

0.49/-0.39

Table S2. Comparison of adsorption capacity of different adsorbents for Eu3*



. Temperature Adsorption
Material pH Reference
(K) Capacity (mg g*)
Uio-66 298 4 43
UiO-66-COOH 298 4 80 3
Ui0-66-2CO0OH 298 4 150
Fes0, @ZIF-8 298 5 255.6 4
Cr-MIL-PMIDA 298 5.5 85
5
Functionalized Cr-MIL-NH, 298 5.5 12.5
MOFs UiO-66-CN 298 147.1
6
Ui0-66-A0 298 253.8
Co-MOF 298 5 52.93 7
CMPO@MIL-101(Cr) 298 5 125 8
UiO-66-NH, @ZIF-8 298 5 295.28 9
Zn-BDC MOF/GO 298 4 39.01 24
CMC/MMWCNTs 298 6 51 10
Titanate nanotubes 298 18.8 11
Humic acid-MWCNT hybrid 298 4.3 2.6
12
Multiwall carbon nanotube 298 4.3 14
Nanotubes
MWCNT/Fes0, 298 4.5 9.1 13
H-Titanates nanotubes short 298 4 22.8
14
H-Titanates nanotubes long 298 4 9.8
TNTs 293 4.5 48.3 15
Biological .
. bio-PDA 298 6.5 151.52 16
composite
Metal oxide [Me;NH;] V50, 161.4 17
Molecular sieve Molecular sieve (OMS-2) 298 5 106 18
Thiostannate layered thiostannate 139 19
TisC,Tx MXene TisC,Tx MXene (TCCH) 298 5 97.1 20
AO/mGO composites 293 4 69 21
Graphene oxide -
MnO,/graphene oxide 298 5 83.5
(GO) 22
graphene oxide 298 5 68.4
Clay palygorskite 298 4 46.75 23
MONTs NCD-167 298 5 150.90 This work

Table S3. The fitting results by the Weber-Morris intra-particle diffusion model of Eu3* onto NCD-167

Material

Weber-Morris intra-particle diffusion model

k1 (mg g™ min®5)

RZ

ki (mg g min®5)

RZ

NCD-166

9.41

0.92

0.99

0.72




NCD-167 32.30 0.89 0.30 0.85
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