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S1. Analysis and Characterization

Physicochemical characterization. Fourier transform infrared (FTIR) spectroscopic analyses
were performed in a Thermo Scientific Nicolet 6700 FTIR spectrometer using KBr pellets that
were dried overnight. N, isotherms were obtained at 77 K using Belsorp Max (Bel, Japan).
Routine X-ray powder diffraction (XRPD) patterns were collected using a conventional high
resolution D5000 Siemens X’Pert MDP diffractometer (6-26) using Acy Ky, and K, radiation
(L=1.54051 and 1.54433 A), from 5 to 35 (26), a step size 0of 0.02°, and 2 s-step~! in continuous
mode, and a conventional PANalytical Empyrean powder diffractometer (PANalytical
Lelyweg, Netherlands, 6-26) using the same Aq, K, and K, radiation. Thermogravimetric
analyses (TGA) were performed using a Perkin-Elmer Diamond TGA/DTA STA 6000 running
from room temperature (RT) to 600 °C with a heating rate of 2 °C-min-!. The particle size and
C-potential determinations were performed using a Malvern Nano-ZS, Zetasizer Nano Series.
Ca. 1 mg of material was dispersed in 10 mL of Milli-Q water using an ultrasound tip (Digital
Sonifer 450, Branson; 10%) of amplitude and for 30 s. Transmission electron microscopy
(TEM) was performed using a STEM PHILIPS CM20 HR microscope equipped with an
energy-dispersive X-ray spectrometer (EDX) operating at an accelerating voltage of 200 keV
and a HAADF FEI TITAN G2 microscope also equipped with an EDX. Samples were prepared
by dispersing a small amount of the material (ca. 3 mg) in absolute ethanol (1 mL) followed by

sonication for 10 min and deposition on a copper grid.

High performance liquid chromatography (HPLC). The amount of adsorbed At, as well as the
potential release of the corresponding organic linkers were determined using a reversed phase
HPLC Jasco LC-4000 series system, equipped with a PDA detector MD-4015 and a
multisampler AS-4150 controlled by ChromNav software (Jasco Inc, Japan). A Purple ODS
reverse-phase column (5 pm, 4.6 x 150 mm, Andlisis Vinicos) was employed. For the
quantification of all the chemical species, isocratic conditions were used. The flow rate was 1
mL-min!, and the column temperature was fixed at 25 °C. In all cases, the injection volume
was 30 puL. The mobile phase was based on a mixture of 50:50 MeOH:phosphate buffered
solution (PBS; 0.04 M, pH = 2.5) for MOFs ligands analysis, with different retention time (rt)
and absorption maximum (A) for each molecule: H,BDC (1t = 3.98 min, A = 240 nm), H,BDC-
NHj; (rt = 3.03 min, A =228 nm), H,BDC-(OH), (rt =2.92 min, A =217 nm), H,BDP (rt = 4.00
min, A =205 nm), H,BDP-NH, (rt =2.51 min, A =225 nm), H4-TazBz (1t = 16.36 min, A =311

nm), and He-TzGal (rt = 3.24 min, A = 360 nm). At was analyzed using a mixture of 10:90
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acetonitrile:phosphate buffered solution (0.04 M: pH = 2.5), rt =4.81 min and A =227 nm. (SI,

Section 1).

Preparation of the phosphate buffered solution (0.04 M, pH = 2.5): 0.02 mol (2.4 g) of
NaH,PO,4 and 0.02 mol (2.84 g) of Na,HPO, were dissolved in 1 L of Milli-Q water. The pH
was then adjusted to 2.5 with H;PO,4 (= 85%).
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S2. HPLC conditions
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Figure S1. Standard calibration plot by HPLC, and typical UV-vis spectrum and chromatogram
of At.
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Figure S2. Standard calibration plot by HPLC, and characteristic UV-vis spectrum and
chromatogram of H,BDP.
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Figure S3. Standard calibration plot by HPLC, and characteristic UV-vis spectrum and
chromatogram of H,BDP-NH,.
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S3. Synthesis of MOF's

All reactants were commercially obtained and used without further purification. The 1,4-
bis(1H-pyrazol-4-yl)benzene ligand (H,BDP) and its amino derivative (H,BDP-NH,),' the
5,5’-(1,2,4,5-tetrazine-3,6-diyl)bis(benzene-1,2,3-triol) ligand (He-TzGal),* and the 3,3°,5,5’-
azobenzenetetracarboxylic acid ligand (H4-TazBz)®> were prepared as previously described in
literature. The synthesis of starting porous materials was performed following similar

procedures to previously reported ones.

NigBDPs and Nig(BDP-NH>)s or [Nig(OH)(H,0),(C;2H:N/X)s] n(H>0), X = H (NigBDPg) or
NH, (Nig(BDP-NH,)s).° In a typical synthesis, 3 mmol of 1,4-bis(1H-pyrazol-4-yl)benzene
(H,BDP, 630.99 mg) or the amino derivative (H,BDP-NH, 675.75 mg) were dissolved in 160
mL of N,N-dimethylformamide (DMF) and 4 mmol (992 mg) of Ni(AcO),-4H,0 were
dissolved in 40 mL of H,O. The two limpid solutions were mixed and refluxed overnight under
stirring. The resulting light green solid was filtered and washed with ethanol (EtOH) and diethyl
ether (Et,0). The solid was then refluxed with DMF for 2 h and filtered. The solid was stirred
in dichloromethane (CH,Cl,) for 2 h at RT and filtered. NigBDP and Nig(BDP-NH,)s samples

were evacuated for 12 h at 150 °C.

KOH@NisBDPs or K[Nis(OH)s(C,Hs0),(H,0)5(C12HsNy)s 5] -n(H>0), (KOH@NisBDPy).”
First of all, NigBDP¢ was thermally activated at 150 °C and outgassed, in order to obtain the
evacuated porous matrix. Afterwards, 0.055 mmol (100 mg) was suspended in a 0.35 M KOH
absolute ethanol solution (5.5 mL). The resulting suspension was stirred overnight under an

inert N, atmosphere, filtered off and copiously washed with absolute ethanol, yielding to

KOH@NigBDPy. Finally, KOH@NigBDP4 was evacuated for 12 h at 150 °C.

UiO-66 and UiO-66-NH;or [Zrs04OH)(CsH;0,X)s] nH,0, X = H (UiO-66) or NH, (UiO-66-
NH>).%° 1 mmol of ZrCl, (233.03 mg) and 1 mmol of dicarboxylic linker (terephthalic acid,
H,BDC, 166.13 mg; or 2-aminoterephthalic acid, H,BDC- NH,, 181.15 mg) were dispersed in
3 mL of DMF, placed in a teflon-lined autoclave and heated for 12 h at 220 °C (UiO-66) or 24
h at 100 °C (UiO-66-NH,). The resulting solid was recovered by filtration and washed with
deionized water and acetone. 200 mg of the solid were suspended in 100 mL of DMF under

stirring for 12 h. Then, the DMF-washed solid was suspended in 100 mL of methanol (MeOH)
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under stirring for 12 h, recovering the activated solid by filtration. UiO-66 and UiO-66-NH,
samples were evacuated for 12 h at 200 °C and 150 °C, respectively.

MIL-163 or [Zry(C14H,04Ny) 2] -(DMA) 5(H50) 14, DMA: N,N-dimethylamine.* In a 25 mL teflon-
lined steel autoclave, 0.2 mmol (47 mg) of ZrCl, was added to a solution of 0.4 mmol of the
5,5°-(1,2,4,5-tetrazine-3,6-diyl)bis(benzene-1,2,3-triol) ligand (Hs-TzGal, 132 mg) in DMA (2
mL) at RT. Water (3 mL) was then added under stirring, and the autoclave sealed and placed in
the oven for 24 h at 130 °C. After cooling to RT, the solution was filtered and MIL-163 was
recovered as a dark-red fine powder. The solid was then washed in DMF (10 mL) and EtOH
(10 mL) for one night with each, before being filtered and dried in air.

MIL-127 or [Fe;0(0H)ssCly 12(C16N>OsHg); 5(H>0)3]-nH>0.1° The solution obtained by
adding 0.927 g of NaOH to 26 mL of propan-2-ol in a 250 mL round-bottom flask, was stirred
until complete dissolution of NaOH. After the addition of 10.1 mmol (3.636 g) of 3,3°,5,5’-
azobenzenetetracarboxylic acid ligand (Hy-TazBz), the resulting solution was stirred at 90 °C.
In parallel, 20 mmol (5.498 g) of FeCl;-6H,0 were dissolved in 14 mL of propan-2-ol in a flask
at 70 °C. In the next step, a mixture obtained by mixing the iron and the ligand solutions was
stirred under reflux for 24 h. A crystalline powder was recovered by filtration, washed with 200
mL of distilled water (to remove Na salts), 200 mL of propan-2-ol, and finally with 200 mL of
ethanol. MIL-127 was evacuated for 12 h at 150 °C.

MIL-53 or [Fe(OH)(Cs0,H,)]-H,0."" In a typical synthesis, 0.1 mol (27 g) of FeCl;.6H,0 and
0.1 mol (16.6 g) of H,BDC were dispersed in 500 mL of DMF. The mixture was placed in a
round bottom flask and refluxed for 48 h at 150 °C under stirring. Then, the yellow solid was
recovered by filtration and washed with DMF. Then, the solid was suspended in 500 mL of
water for 12 h. MIL-53 was evacuated for 12 h at 200 °C.

MIL-53-(OH), or [Fe(OH)(CsH,0g)] n(DMF).'? 6.8 mol (1.34 g) of 2,5-dihydroxyterephthalic
acid (H,BDC-(OH),), 4.6 mol (1.63 g) of Fe(ClO4);-H,0, 25 mL of DMF, 1 mL of a 5 M
hydrofluoric acid solution and 5 mL of a 5 M perchloric acid solution were placed in a 125 mL
teflon-lined steel autoclave. The mixture stirred for 10 minutes, the autoclave sealed, and placed
in an oven at 100 °C for 16 h. Crude MIL-53-(OH), was recovered as a dark crystalline solid
by filtration, washed with ethanol and dried in air. MIL-53-(OH), sample was evacuated for 12
h at 130 °C.
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S4. Atenolol adsorption studies

Adsorption and stability studies. Prior to the At adsorption studies, the stability of the isolated
At in water was confirmed by HPLC for at least 24 h, ruling out the formation of any byproduct
that can distort the quantification or compete in the At adsorption process. At adsorption studies
were performed by suspending 30 mg of desolvated MOFs in 30 mL of tap water (pH = 7.3)
containing different amount of At. The MOF:At molar ratios were 1:2 and 1:0.5, using At
concentration from 0.08 to 2245.6 mg-L-!. It has to be pointed that this concentration is in the
range of the reported concentration of At in river waters.!3-14

The suspensions were stirred under bidimensional continuous stirring (80 x 80 rpm) at 25 °C
for 24 h. At different incubation times, the suspensions were centrifuged (14500 rpm, 10 min),
and filtered with a syringe filter (0.2 pm) to obtain clean solutions. The obtained solids were
characterized by XRPD to check their crystallinity, while the liquid phases were analyzed by
HPLC, determining the amount of At and the total amount of possible MOF’s leached ligand
in the solution. A further study was performed using At aqueous solutions prepared with real
water samples (from Manzanares river-Madrid, Spain, collected in March 2018, pH = 6.0).
Before its use, Manzanares water was filtered (0.2 um filter) to remove the solid content. All

the At studies and leached ligand determinations were performed by triplicate.
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Figure S9. Effect of adsorption times on the remaining At (black, left) and ligand leaching (red,
right) over different MOFs. Two different MOF:At molar ratios have been studied (1:0.5,
circles; 1:2, triangles). To facilitate comparison between MOFs, the initial At concentration has

been normalized to 1 mg-mL-!.
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Table S1. Pores, channels and molecules dimensions (A), Brunauer, Emmett and Teller surface
areas (Sger, m?-g!), pore volume (V,, cm?-g!), MOF:At molar ratio, total At loading at the
plateau (adsorption capacity at equilibrium, q., mg of At-g-! of material); At adsorbed (mol-mol-
1, removal of At with respect to the initial concentration (%), and MOF degradation (%) for all
studied materials.

SBET

Structure Dimensions (porosity | (m2-g1) Ratio Qe Adsorbed At | Adsorbed At de gg:tion
or molecule size, A) Vp (MOF:At) (mg-gm) (mol-mol 1) (%) g o
(cm*g) (%)
At 15x7x5A3 - - - - - -
Ni.BDP 1300 1:2 174.85 1.20+0.01 59.16 £0.12 21.10+0.11
sETe Td (9 A) and 0.54 1:0.5 71.61 0.49 + 0.00 97.00 = 0.02 20.58 +0.09
Oh (16 A) cages
accessible via triangular
Nis(BDP-NH,) windows (6 — 12 A) 1138 1:2 154.97 1.06 +0.01 5500+0.00 | 27.72+0.19
8 26 0.40 1:0.5 66.16 0.45 + 0.00 95.39 +0.02 29.04 + 0.04
Uio-66 1162 1:2 49.88 0.31+0.02 13.59 +0.47 9.91+0.04
Td (8 A) and Oh (11 A) 0.50 1:0.5 29.61 0.19 £ 0.00 33.04+0.01 7.40 +0.53
cages accessible via
triangular windows (5 - 610 1:2 3591 0.24+0.00 10.77 £0.07 13.33+0.13
cO) 74) : . 24 £0. 7 £0. 33+0.
Ui0-66-NH, 0.29 1:0.5 20.47 0.14+0.01 26.15+0.19 8.26 £ 0.02
Square shaped channels . 1:2 128.13 0.22 +0.00 10.63 £0.34 0.09 + 0.00
MIL-163 12x12A 90-170 1:0.5 92.24 0.16 = 0.00 28.64 + 0.06 0.06+0.01
1D channels (6 A) and
MIL-127 cages (10 A) accessible 1304 1:2 26.31 0.08 £0.03 3.57+1.52 31.20+2.71
via narrow apertures (3 0.7 1:0.5 42.73 0.13+0.00 22.30+0.13 24.11+0.31
A)
1:2 41.50 0.04 = 0.00 225+0.2 29.56 +0.01
- d -
MIL-53 7.5 A (hydrated) 1:0.5 7.10 0.01 = 0.00 1.15+0.16 26.43 +0.03
1:2 0 0.00 + 0.00 0+0.68 54.14 +£0.33
-53- d R
MIL-53-(OH), 9.1 A (hydrated) 1:0.5 88.94 0.09 +0.02 16.27 + 0.03 36.10 % 1.00
Activated 6.5 and 13.5 A 620 30.00:29.19 61.65 0.002 £+ 0.000 2140 0 O3i )
charcoal (Norit) ’ ’ 0.2 30.00:7.30° 73.75 0.003 + 0.000 9133+ 0 01

2 Pore size distribution determined using the density functional theory method (DFT).!
b For comparison reasons and due to the difference on MOFs and carbon molecular weights, here the activated charcoal: At
ratio is expressed in mass (mg).
¢ Flexible matrix confirmed by a low N, adsorption compare to the expected from the structural analysis.

d Pore size determinations using crystal structure of hydrated forms (considering distances and Van der Waals raddi).
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S5. MOFs stability
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Figure S10. XRPD patterns for all MOF after been suspended in tap At solutions with different
MOF:At ratios (1:2, red; and 1:0.5, black) for 1, 4 and 24 h under stirring at room temperature.
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S6. KOH@NisBDP; material: improved At adsorption
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Figure S11. XRPD patterns for NigBDPs and KOH@NigBDPg¢ before and after been suspended
in tap water for 24 h at room temperature.

FTIR spectra of both At-loaded materials confirmed the presence of bands of At corresponding
to its aromatic ring in the loaded materials. Further, bands of At characteristic of the v(C-H);ing
and w(C-H)/0(C-H),in, are shifted in the loaded materials from 1512 to 1510 cm™! and 1298 to
1292 cm™!, respectively, !¢ suggesting the formation of n-w stacking interactions between the At
ring and the framework. Further, the characteristic bands of the At amide (v(N-H): 3346 and
3155 ecm!; w(C=0): 1656 cm'; and 6(NH): 1634 cm™') are strongly shifted in the At-loaded
NigBDPs (v(N-H): 3462 and 3356 cm!, w(C=0): 1682 cm’!, and 6(NH): 1666 cm) and
KOH@NigBDP4 (v(N-H): 3460 and 3357 cm!, vw(C=0): 1680 cm!, and 6(NH): 1666 cm!,
respectively, Fig S13). One could hypothesize the formation of specific interactions between

the At-amide and reactive group of the MOFs, such as metal Ni sites, Ni-OH and Ni-OH,.
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Figure S12. FTIR spectra of At, pristine NigBDPs, KOH@NigBDP¢, and At loaded materials
obtained using different MOF: At ratio. The wavenumbers and the description of the main peaks
of At found in the loaded matrixes are 1610 cm™' (v(C=C) ring), 1512 cm™! (v(C-H) ring), and
1296 cm! (w(C-H) and 6(C-H) ring).
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Figure S13. Local enlargement of the characteristic bands of amide present in At from 3600 to
3000 cm! (a) and 1700 to 1550 cm! (b) of the FTIR spectra of At, pristine NigBDPg (top) and
KOH@NigBDPg (bottom) and At loaded materials obtained using different MOF: At ratio. It
should be noted that as water absorption bands are on the range of 3500 — 3100 cm™! all the
FTIR spectra were obtained using KBr pellets previously dried at 100 °C overnight.
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XRPD patterns of the At-containing KOH@NigBDP; evidenced that the At loading process

does not alter the crystalline structure of the porous materials. It has to be highlighted again the

exceptional stability of KOH@NigBDP¢ with an almost negligible linker leaching after 24 h

(0.06 % in ratio 1:2 studies; and 0.11% using in ratio 1:0.5 studies).

KOH@NisBDPg
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Figure S14. (a) Evolution of At removal (a, in black) using two different KOH@NigBDPg: At
ratios (1:2, triangles; 1:0.5, circles) for 24 h under stirring at RT. The concentration of At has
been normalized for an easier comparison. The matrix degradation was also represented (a, in
red). (b) XRPD patterns of KOH@NisBDPg¢ before and after been suspended in At water tap

solutions.

S16



Table S2. Textural properties (Sger in m? g! and V,, in cm?-g1), MOF: At ratio, total At loading
at the plateau (adsorption capacity at equilibrium, g, mg of At-g'! of material), adsorbed At
(mol-mol), removal of At with respect to the initial concentration (%), and MOF degradation
(%) before and after At adsorption process.

v 3.g-1
MOF Seer 0::((:f1mat?or)1 Ratio Qe Adsorbed At| Adsorbed At de :‘\:c?a':tion
(m2-g?) P (MOF:At) (mg-g?) (mol-mol?) (%) g
(%) (%)
NizBDP 1300 0.54 1:2 - -
goere : 1:0.5
Ni,BDP, @At 776 0.32 (40.7) 1:2 174.85 1.20+0.01 59.16 £ 0.12 21.10+0.11
8 6 1049 0.48 (11.1) 1:0.5 71.61 0.49 +0.00 97.00 + 0.02 20.58 + 0.09
KOH@NizBDPg 1502 0.61 - - - - -
. 817 0.34 (44.3) 1:2 255.51 1.76 £ 0.00 91.86 + 0.02 0.06 £ 0.05
KOH@NigBDP;@A
OH@Ni, s@At 1126 0.47 (22.9) 1:0.5 76.78 0.53+0.00 99.94 + 0.01 0.12 £ 0.04
Activated charcoal 624 i 1:2 61.65 0.002 £ 0.000| 21.40+0.03 )
(Norit) 1:0.5 73.75 0.003 £0.000{ 91.33+0.01
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S7. NigBDPsand KOH@NigBDPg: a detailed study

When NigBDPg is exposed to aqueous solutions at different pH, its {-potential remains neutral
in almost the entire pH range (from 1 to 7 and from 11 to 12), becoming negative at pH from 7
to 10. On the other hand, KOH@NigBDPj is positively charged under acidic conditions (pH <
4), neutral (from 4 to 7), and negative (pH > 7). Thus, the main difference between the
superficial charge of both materials is found at low pH (< 4), being neutral for NigBDP¢ and
positive for KOH@NisBDPg. In this regard, the postsynthetic removal of organic linkers
(within the framework and on the surface) may lead to the formation of accessible extra Ni**
sites (according to the Pourbaix diagram),* resulting in framework degradation at very acidic
pH. On the other hand, under strong basic conditions (pH > 10), one could propose several
effects explaining the differences found between NigBDPs and KOH@NigBDPg: i) the
deprotonation of the OH groups (Ni-OH/NiO-; pK, ~ 10), ii) creation of defects, associated with
the formation of Ni-OH, and iii) the substitution of the extraframework electropositive K* in

KOH@NigBDPg by the less electropositive Na* (coming from the NaOH titrant).

a) 40 NiBDP, 3000 b) 40 KOH@NiBDP; 3000
30 30
2500 2500
20 20

2000 2000

1500 1500
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o

1000 1000

20 % 20 %
0 aEE mnm w ™ | 500 . 500

-30

-40

0 -40

01 23 45678 91011213 01 25 456878 00z

pH pH
Figure S15. Evolution of particle size (left, green) and {-potential (right, blue) of (a) NigBDPg
and (b) KOH@NigBDP¢ materials as function of pH.
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TEM images show tetragonal particles with mean sizes of ca. 14 nm (n = 250) for both
materials. The presence of extraframework K* (associated with linker defects) was confirmed
by EDX elemental mapping (Ni, N, O, and K), demonstrating a homogeneous distribution
around the KOH@NigBDPg particles.

NigBDP

HAADF

KOH@NizBDP,

0] . Y
Figure S16. Elemental mapping obtained by EDX of the Ni based porous materials NigBDPg
and KOH@NigBDPg. The presence of Ni, N, O, and K elements into particles is confirmed.
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Figure S17. Particle size distribution (nm) of (a) NigBDP¢ and (b) KOH@NigBDPy.
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S8. Continuous water purification studies

First, pellets of NigBDPs and KOH@NisBDPg were prepared and their stability was studied in
water. 70 mg of the original sample were pelletized by the application of a pressure up to 0.15
GPa (1.5 tons cm™) for 1 minute. The as-prepared pellets were suspended in water for 24 h
under bidimensional continuous stirring (80 x 80 rpm) at room temperature. No loss of

crystallinity was observed, while the N, sorption capacity was maintained.

600
NigBDP; o 500
. N N,
400
J M KOH@NigBDP;@Pellet 24h
200
MMM__/\MA‘__—. ”
KOH@NigBDP;
r T T T T 1 0

5 10 15 20 25 30 35 0 0.2 0.4 0.6 0.8 1
20 (°
O plp,

Ny, 77K

Vay
KOH@NisBDPs@Pellet 24h Sger 1555 m2-
KOH@NigBDP; Sger 1502 m2-g! -//

A

2.g-1

300 #&*

V,/cm3(STP) g~

NigBDPg Sger 1300 m2-g-*

Figure S18. (a) XRPD patterns and (b) N, adsorption isotherms of original NigBDP¢ and
KOH@NigBDP¢ materials, and KOH@NisBDPg@Pellet after been suspended in water for 24
h at room temperature.

Continuous flow At adsorption. A fixed bed column made of plastic tube (internal diameter @
= 1.5 cm, length = 4.7 cm) was employed to monitor At removal through a continuous flow
system. In order to provide a suitable liquid distribution and avoid overpressure, small pieces
of KOH@NigBDPg¢ pellets (ca. < 5 mm) and glass wool was used to fix the MOF bed.
KOH@NigBDPg pellets (column dimensions: 1.2 cm @, 1.08 cm height) were prepared from
pure powder sample by applying pressure (15000 tons for 1 minute) to 70 mg of powdered
sample. 400 mg of KOH@NigBDPg pellets were utilized. The dead volume inside the column
was negligible. Before any test, the column was previously conditioned with 60 mL of tap
water. The At adsorption studies were performed using a NE-4000 dual-channel syringe
(Micrux, Spain) pumping system with a continuous flow of 100 uL-min! (equivalent to ca. 34
L-m=2-h"") using three different At concentrations (73, 146 and 250 mg-L!) in tap water. Note
here that the concentration is on the range or higher than the At found in previously analyzed
river waters; from 0.35 to 2.21 mg-L-1.13:14 Aliquots of 100 uL (pH = 7.5) were collected at
different time intervals and the At and H,BDP concentrations were analyzed to study the At

adsorption and potential MOF degradation in a continuous mode. A blank with glass wool was
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also tested, with no signs of At adsorption. The continuous flow study was performed by
triplicate.

Regeneration of KOH@NisBDPs. The regeneration of KOH@NigBDPg as adsorbent was test
by soaking the At loaded KOH@NigBDPs@At in different solvents (i.e. methanol, acetone,
ethanol, dichloromethane). Unfortunately, no adsorption capacity recovery was achieved.

The breakthrough curve shape and the time to reach breakthrough are considered as the main
factors to investigate the efficiency of the fixed-bed adsorption column. Prediction of the
breakthrough curves for the effluent is a requisite for the accurate design of a continuous
adsorption column.!” In this study, a non-linear model was employed to describe the continuous
adsorption system (Origin Pro 2019b software was used for non-linear curve fitting).

The Thomas model is one of the most general and widely utilized theoretical methods to

describe column performance and it is described following equation 1:!°

C, Ko ,M
ln(——1)= e Ky Cot

(eq.1)

where C) is the inlet At concentration (mg-L™"); Ct is the effluent At concentration at time
(mg-L"); Kz, is the Thomas rate constant (mL-mg-'-min’!); ¢, is the equilibrium of At uptake
(mg-g); M is the mass of the absorbent (g); F is the inlet flow rate (mL-min!'); and ¢ is the
flow time (min).

The Thomas model, considering Langmuir kinetics of adsorption-desorption and no axial
dispersion, is derived with the assumption that the rate driving force obeys second-order
reversible reaction kinetics.??> The continuous flow data were fitted to this model using non-
linear regression in order to determine the characteristic parameters of the column that are
useful for process design. Further, and in order to compare the effect of changing At
concentration in the feeding solution, the adsorbed amount of At (g.) was calculated by

integrating the area of the breakthrough curves using the following equation 2:

ol
0

qez—

F (eq. 2)
DFT adsorbate location. In order to localize the adsorption capacity and location of At in the
pores of NigBDPs and KOH@NigBDPg systems, we have employed the Adsorption Locator
module of the Materials Studio 6.0 software [Biovia Materials Studio 6.0: San Diego: Dassault
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Systémes 2018] to perform Monte Carlo simulations. The used forcefield was COMPASS,?°
the charge was forcefield assigned and the summation methods were group- and atom-based.
The simulations yielded the most stable conformations of At molecules within the pores of the

studied NigBDPs and KOH@NigBDPg systems.

120 -

100 - 250 ppm 146 ppm 74 ppm
5 80 -
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o
£ 60 -
£
[}
§
x 40
20 4 A
0 T T T T T T |
0 2 4 6 8 10 12 14
Time (d)

Figure S19. The effect of the concentration of the inlet flow on the breakthrough curve of At
sorption.
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Figure S20. Breakthrough curves and fitting of the data from the continuous water purification
studies using the Thomas model using different inlet concentrations: (a) 73 ppm, (b) 146 ppm,
and (c) 250 ppm.
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Table S3. Experimental conditions and parameter of Thomas model under different conditions
based on non-linear regression analysis. Initial concentration (Cy), amount of At adsorbed (q.),
and kinetic constant calculated using Thomas model (K7y,).

Cy Volume Time Degraded Krn qe
(mg-L") (mL) (days) MOF (%) | (mL-mg!-min™) (mg-g")
73 2120 12.2 3.73 8.37-10* 56.53
146 760 3.1 349 1.62-10°3 15.71
250 535 1.7 3.09 2.34:10°3 6.29

Table S4. Operating conditions (flow rate in L-m=-h-!, column volume in cm?® and dimensions
in cm, contact time in h, initial concentration of contaminant (Co) in mg-L-") and parameters of
the breakthrough analysis (breakthrough time in min, kinetic constant (K) in mL-min-!'mg!,
and model used) of different MOFs used in the adsorption of PPCPs and activated carbon used
in the At adsorption. For an easy comparison, operation conditions in water treatment plants
are also indicated.

Flow rate / Column Contact
column dimensions or Co K
MOF + Breakthrough Model
volume (cm) Residence | (mg (mL-min- Ref.
contaminant time (min) used
(L-m2-h1/ time (h) | ‘L) I-mgT)
cm?)
ZIF-8 + 58 0:0.58 Not
- 40 200 - 23
oxytetracycline 0.29 Height: 1.1 defined
MIL-101(Cr) + 764 0:1
- 100 8 6.21-10% | Thomas 24
diazinon 0.78 Height: 1
Granular activated 1593 0:0.6
- 0.5 ca. 600 1.5-10° Thomas 2
carbon + atenolol 8.48 Height: 30
KOH@NigBDP¢ + 34 9:1.2 8.37-10* Thomas This
) 0.41 73 43200
atenolol 1.13 Height: 1.08 1.18-102 A-B study
27 - 530000 5-10% -
Water treatment
/ 30-10* 9, 0.08-9 26
plants
(10-7-5-107 180 - 400
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