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Section S1: Analytical instruments

For PXRD analysis, a PANalytical Empyream (United States) diffractometer was used. The
patterns were recorded with CuKa radiation (1.54183 A) at 40 kV and 30 mA with a step size of
0.026 and a counting time of 0.4 s per point. FTIR spectra collection in a range of 400—4000 cm™!
with 20 scans at a resolution of 4 cm™! was carried out using a Perkin-Elmer (USA) instrument.
Raman spectra were collected by an XRD Thermo Fisher Scientific (United States) Raman
Microscope. A 780 nm excitation line in backscattering geometry through a 10x objective lens
was used to excite the samples with a power of ~6 mW (5 s of exposure time and 20 scans for each
recorded spectrum). The magnetization curves were recorded at 300 K using an MPMS-3
superconducting quantum interference device magnetometer. To evaluate the thermal stability of
the materials was used a T A Instruments, Q5000 IR model (United States), at a heating rate of 10
°C min~! under N, flow. The evaluation of the superficial charge was measured by zeta potential

in a pH 2-6 range using NanoPlus HD sizer equipment (Micrometrics, United States) with a



minimum of 3 measurements per sample at room temperature. The X-ray photoelectron
spectroscopy (XPS) analyses were carried out by a K-alpha Thermo Scientific spectrometer
(United Kingdom). A spectrometer equipped with a hemispherical analyzer and a monochromatic
AlKa X-ray source (1486.6 eV) in the Constant Analyzer Energy (CAE) was used for the
study. Spectral backgrounds were subtracted using the Shirley method using CasaXPS software
(version 2.3.14), and. The base pressure in the analyzer chamber was 1 x 10~ mBar. Survey scans
were recorded using 400 um spot size and fixed pass energy of 200 eV, whereas high-resolution
scans were collected at 20 eV of pass energy. Spectra have been charged corrected to the C 1s
spectrum (adventitious carbon) set to 284.8 eV. The Hg(II) concentrations values were determined
by triplicate of each sample using an Inductively Coupled Plasma Mass Spectrometer Optima 8000
(ICP-OES, Perkin Elmer, United States).

Section S2: Adsorption Experiments

Table S1. Summary of experimental conditions for Hg(II) adsorption experiments using the

magnetic MOF (Zr-MOF@Fe;0,) as adsorbent.

[Dye]/mg-L-! 100
m(adsorbent)/mg 30 90 30
Volume/mL 30 90 30

Sorbent dosage (mg) | pH | Time Adsorption

Isotherm/mg-L-!

10 2 30 |30

30 3 60 |50
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Section S3: Materials characterization
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Figure S1. SEM micrographs and 2D elemental mapping of a) Zr-MOF and b) Zr-MOF@Fe;0,.
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Figure S2. HRXPS (a) C 1Is; (a.1) O 1s; (a.2) Zr 3d spectra of Zr-MOF; (b) C 1s; (b.1) O 1s;

(b.2) Fe 2p spectra of Fe;0y.



Table S2. VSM analysis of Fe;O4 and Zr-MOF@Fe;04 at T =300 K.

Parameters Fe;0y4 Zr-MOF@Fe;04
s (emu gh) 69.29 25.02

H, (Oe) 8.70 5.18
Ay (emu g ) 0.74 0.15

Section S4: Hg(II) adsorption
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Figure S3. Control experiment of Hg(II) adsorption, Zr-MOF@Fe;04, Fe;04 and Zr-MOF.
Table S3. XPS survey data (atomic percentage) for the most concentrated elements for the

materials.

Elements (At. %)

Samples




Cls | Ols | Zr3d | Cl2p | N1s | S2p | Fe2p | Hg4p
H;BTC 67.8 32.2 - - - - - -
Zr-Salt 36.7 30.6 13.3 19.5 - - - -
Zr-MOF 56.8 34.7 7.3 1.2 - - - -
Fe;0y4 17.3 48.2 - 0.4 0.7 | 03 | 33.0 -
Zr-MOF@Fe;04 34.0 41.7 4.6 - - - 19.8 -
Zr-MOF@Fe;04 + Hg(IT) | 33.7 45.0 2.8 - - - 17.8 0.7
Table S4. The peak-fitting results of C 1s high-resolution signal of materials.
Samples Assignment Eg (eV) FWHM (eV) At. %
C1s = aromatic 284.7 1.4 535
Clsco 286.0 1.5 18.0
Zr-MOF
Clso.c-0 288.6 1.6 25.5
C15 saeeliite 290.8 1.8 3.0
Clscc 284.8 1.4 66.1
Clsco 286.1 1.5 21.6
Fe304
Cls 287.8 1.4 4.6
Clso.c-0 288.9 1.4 7.7
C1s = aromatic 284.7 1.4 55.8
ZI’-MOF@FC304
Clsco 285.9 1.7 23.4




Clso.c-o 288.6 1.8 16.4

C15s sateliite 290.7 1.9 4.4

C1S = aromatic 284.7 1.5 47.3

Clsco 285.9 1.7 30.0

Zr-MOF@Fe;04+ Hg(I)
Clso.c-o0 288.4 1.8 12.9
C1S saeeliite 289.5 1.9 9.7
Table S5. The peak-fitting results of O 1s high-resolution signal of materials.

Samples Assignment Eg (eV) FWHM (eV) At. %

Ols o.c-0 531.7 1.6 42.7

H;BTC

Ols con 533.1 1.9 57.3

O1s 0.z 530.6 1.5 22.0

Zr-Salt O1s z.0n 532.0 1.8 57.6

O1s yater 533.7 1.9 20.5

Ols 0.z 530.1 1.5 18.3

Zr-MOF Ols oc 531.6 1.6 63.5

O1s 701 532.7 1.9 18.2

O1s re0 530.1 1.2 63.4

Fe;04 Ols oc 531.2 1.6 33.1

O1s feon 532.7 1.8 3.5

O1s 0.7, 0-Fe 530.2 1.5 50.4

Zr-MOF@Fe;0, Ols oc 531.7 1.6 37.7

O1s 701 533.1 1.9 11.9




Ols 0O-Zr, O-Fe 530.3 1.5 36.8
Zr-MOF@Fe3O4 + Hg(II) Ols 0-C 531.7 1.6 37.7
Ols Zr-OH, Hg-OH 533.1 1.9 25.5
Table S6. The peak-fitting results of Zr 3ds/, high-resolution signal of materials.
Samples Assignment Eg (eV) FWHM (eV) At. %
Zr-Salt Zx3d 7.0 183.2 1.7 100
Zr-MOF Zx3d 7.0 182.7 1.6 100
Zr-MOF@Fe;04 Zx3d 7.0 182.9 1.8 100
Zr-MOF@Fe;0, + Hg(I) Zr3d 7.0 183.2 1.9 100
Table S7. The peak-fitting results of Fe 2ps/, high-resolution signal of materials.
Fe’*/Fe**
FWHM
Samples Assignment Eg (eV) At. % | (Magnetite)
(eV)
@2:1)
Fe 2p3/2 Fe(I1)-Fe304 708.2-709.1 1.2 10.0 2.1:1.0
Fe 2p3/2 Fe(I)-Fe304 710-714.4 1.4-3.3 21.1
Fe304
Fe 2p3/2 Fe(II)-Fe203 709.7-714.1 1.2-1.7 37.1
Fe 2p3/2 Fe(I11)-FeOOH 710.1-714.3 1.4-1.8 31.8
Fe 2p3/2 Fe(Il)-Fe304 708.3-709.2 1.2 7.2 2.2:1.0
Fe 2p3/2 Fe(III)-Fe304 710-713.4 1.4-3.3 15.7
Zr-MOF@Fe;04
Fe 2p3/2 Fe(II)-Fe203 709.6-714.1 1.2-1.7 11
Fe 2p3/2 Fe(II)-FeOOH 710.1-714.3 1.4-1.8 66.1




Zr-MOF@Fe;04 | Fe 2p3; re(in)-re3o4

+ Hg(II) Fe 2pa/3 re(in-Fe203

Fe 2p3 rean-resos | 7082-7092 [ 1.2 43 22:1.0
710-7134 | 1433 | 9.3
709.6-714.1 | 12-17 | 95

Fe 2p32 reamreoon | 710.1-7143 | 1.4-18 | 769

Table S8. The adsorption capacity of reported Zr-based MOFs for Hg(II) removal.

Adsorbent Experimental conditions qe
pH Hg(Il) (mg | Time (h) | (mgg™)
L™
PCN-221'1 7.1 50.00 0.5 233.60
UiO-66-NH, 2 6.5 13.60 4.0 87.30
DUT-67 (Zr) 3 6.0 0.02 2.0 0.04
Zr-MSA 4 7.0 10.00 0.1 734.00
Ui0-66-DMTD 3 3.0 500.00 10.0 670.50
UiO-66-SH ¢ 4.0 20.00 1.0 785.00
Thiol-modified Zr-DMBD ’ 6.0 500.00 6.0 171.50
Magnetic MOF-808 6.0 350.00 24.0 302.95
[This study]
Table S9. Kinetic model equations and parameters
Kinetic model Linear equation Parameter




PFO model

log (q, - q,) =log (q,) -

pl
303"

t)

ge: adsorption capacities at
equilibrium (mg g™); gt:
adsorption capacities at time t
(mg g); *»1*pseudo-first-order
rate constant for the kinetic

model (mg g~! min).

PSO model

t 1 1
—=— +—=t
qt qe *kz qe

2
h=kp2*qe

ge: adsorption capacities at
equilibrium (mg g™!); gt:
adsorption capacities at time t
(mg g"); Kp2*pseudo-second-
order rate constant of
adsorption (mg g~ min); A:
initial adsorption rate (mg g"!

min ).

Elovich model

qt. adsorption capacities at
time t (mg g !); @ adsorption
equilibrium constant (mg g™!
min"); B:equilibrium constant

desorption (g mg™).

IPD model

qp =Ky *JE+ C

qt. adsorption capacities at
time ¢ (mg g™ !); Kip: rate
parameter of stage i (mg g~!

min~"2); Ci: intercept of stage i




that gives an idea about of the

thickness of boundary layer

(mg g™).

Table S10. Kinetic parameters obtained for linear fitting of experimental adsorption data

Model Parameter Value
PFO model ge (mgg™) 80.93
K; (mg g ' min) 4.8 x 1074
R’ 0.72
PSO model g. (mgg™') 61.31
K, (mg g 'min™!) 6.3 x1073
R? 0.95
h 0.24
Elovich model L (mgg) 0.083
a (mg g ' min) 0.75
R’ 0.96
IPD model Ky (mg g 'min) 3.23
Ci(mgg) —11.66
R’ 0.99
K> (mg g ' min) 0.51
Ci(mgg™) 32.05
R’ 0.81




Table S11. Adsorption isotherm equation and parameters

Isotherm Non-linear equation Parameter
Langmuir 0,= QK1 Ce O,, 1s maximum adsorption capacity (mg
1+ K,C,
g1); ge: amount of adsorbate in the
1
= 1+ K,C, adsorbent at equilibrium (mg g™'); K, is
AG(kJ /mol) =— RTInKo adsorption intensity or Langmuir

Ko=K, + MM * 103 coefficient (L mg™!); R; is separation

factor; AG free Gibbs energy (kJ mol™).
MM: Molar mass (g mol™)
Freundlich Q,=Kc'" K is the constant indicative of
the relative adsorption capacity (L g™!) and
n is indicative of the intensity
Dubinin- Q.= q. e( ~Kgg*e)) K ;. Dubinin—Radushkevich isotherm
Radushkevich e = RT» Ini(1 + 1/C.) constant (mol2kJ2); g,: amount of
F=1/ 7Ky adsorbate in the adsorbent at equilibrium
(mg g!); g, theoretical isotherm
saturation capacity (mg g™'); E is free
energy per molecule of adsorbate (kJ
mol ")

Temkin | , _ &~ o o At: Temkin isotherm equilibrium binding

_RT

bt

constant (L g™!); b¢: Temkin isotherm
constant; R: universal gas constant (8.314J

mol ' K™); 7> Temperature at 298 K; B:




Constant related to heat of sorption (J

mol 1)

Table S12. Adsorption isotherm parameters obtained for the non-linear fitting of experimental

adsorption data.
Model Parameter Value
On (mg g™ 512.60
Langmuir K (Lmg™) 0.03
R; 0.09-0.64
AG(kJ mol™) —21.33
x’ 109.92
R’ 0.97
Freundlich Kr(Lg!) 34.07
n 1.79
e 31.49
R’ 0.99
Dubinin- Kpr (mol? kJ72) 7.7 %1073
Radushkevich qs (mgg™) 45.58
X 3.56
R’ 0.95
E (kJ mol™) 9.18
Temkin A(Lg™) 3.29
b, 51.13




B 48.43

Pz 419.19

R’ 0.88
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