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Experimental Section
Reagent grade chemicals were obtained from commercial sources (Aldrich, Merck, Alfa Aesar,
TCI, etc.) and used without further purification. All synthetic procedures were carried out in

air.

UCY-13: Solid ZrCl, (0.116 g, 0.498 mmol) was added in one portion to a clear solution of
H,HFPBBA (H,HFPBBA = 4,4’-(Hexafluoroisopropylidene)bis(benzoic acid)) (0.294 g, 0.75
mmol) in DMF (10 ml) and HCOOH (4.8 ml, 5.86 g, 127 mmol) in a 23 ml glass vial and
sonicated until complete dissolution of the reactants. The vial was sealed, placed in an oven at
130 °C and left undisturbed for ~72 h. Then it was cooled to room temperature and X-ray
quality colorless rhombic plate crystals of UCY-13 were isolated by filtration, washed with
DMF (3 x15 ml) and acetone (5 x15 ml) and dried in air. Yield ~ 65% based on ZrCl,.
Elemental analysis calcd for UCY-13-8DMF-16HCOOH (ZrgF,407,NgC1osH136): C 35.04; H
3.70; N 3.03; found: C 35.38; H 3.57; N 2.93.

UCY-14: Solid ZrCly (0.264 g, 1.13 mmol) was added in one portion to a pale yellow
suspension of H,OBA (H,OBA = 4,4’-Oxybis(benzoic acid)) (0.372g, 1.44 mmol) in DMF (5
ml) and HCOOH (1.2 ml, 1.46 g, 31.8 mmol) in a 23 ml glass vial and sonicated until complete
dissolution of the reactants. The vial was sealed, placed in an oven at 130°C and left undisturbed
for ~72h. Then it was cooled to room temperature and X-ray quality colorless rhombic plate
crystals of UCY-14 were isolated by filtration, washed with DMF (3 x 15 ml) and acetone (5
x 15 ml) and dried in air. Yield ~ 70% based on ZrCl,. Elemental analysis calcd for UCY-
14-6DMF-6HCOOH (ZrcOs4N¢Cs1H00): C 37.87; H 3.92; N 3.27; found: C 37.64; H 3.74; N
3.55.

Stability tests. Stability in organic solvents was investigated as follows: in 5 ml of the
corresponding organic solvent were suspended 50 mg of as synthesized MOF and the mixture
was stirred for ~24 hours while the solvent was replenished every 8 hours. The powder was
then isolated and analyzed by pxrd and TGA. Stability in aqueous solutions was investigated
following the below procedure: In 5 ml aqueous solutions of the target pH value (adjusted with
the addition of a strong acid (HCI) or base (NaOH)) or an inorganic salt was added the as
synthesized MOF (50 mg) of and the suspension was stirred for 24 hours. The powder was then



isolated by filtration and analyzed by pxrd. Simulated seawater was prepared according to a

previous report.H

Physical measurements.

Elemental analyses (C, H, O) were performed by the in-house facilities of the University of
Cyprus, Chemistry Department. IR spectra were recorded on ATR in the 4000 — 700 cm™!
range using a Shimadzu Prestige — 21 spectrometer. Pxrd diffraction patterns were recorded on
a Shimazdu 6000 Series X-ray diffractometer (Cu Ko radiation, A = 1.5418 A). Variable
temperature diffractograms were carried out in the 25 °C- 450 °C range with 25 °C min’!
increase rate. Samples remained for 5 minutes at the corresponding temperature before
measurement. Thermal stability studies were performed with a Shimadzu TGA 50
thermogravimetric analyzer. 'H and '"F-NMR spectra were recorded on a Bruker Avance III
300 MHz spectrometer at 25 °C. Chemical shift values in "H NMR spectra were reported in
parts per million (ppm) relative to tetramethylsilane. Digestion of the samples was achieved

with 0.5M KOH in D,0.

Single crystal X-ray crystallography. Single Crystal X-ray diffraction data were collected on
a Rigaku Supernova A diffractometer, equipped with a CCD area detector utilizing Cu-Ka (A
= 1.5418 A) radiation. A suitable crystal was mounted on a Hampton cryoloop with Paratone-
N oil and transferred to a goniostat where it was cooled for data collection. The structures were
solved by direct methods using SHELXT and refined on F? using full-matrix least squares using
SHELXL14.1.°1 Software packages used: CrysAlis CCD for data collection, CrysAlis RED for
cell refinement and data reductionl®*], WINGX for geometric calculations!*], and DIAMOND
for molecular graphics®l. The non-H atoms were treated anisotropically, whereas the aromatic
hydrogen atoms were placed in calculated, ideal positions and refined as riding on their
respective carbon atoms. Electron density contributions from disordered guest molecules were
handled using the SQUEEZE procedure from the PLATON software suitl®l. Selected crystal
data for UCY-13 and UCY-14 are summarized in Table S1. CCDC 1945717 (UCY 13) and
1945716 (UCY 14) contains the supplementary crystallographic data for this paper. Full details

can be found in the CIF files provided as Supplementary Information.



Table S1. Selected Crystal Data for UCY-13 and UCY-14.

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume

Z

Density (calculated)
Absorption coefficient
F(000)

Crystal size

0 range for data collection

Index ranges

Reflections collected
Independent reflections
Completeness to 6 = 66.994°

Refinement method

Data / restraints / parameters
Goodness-of-fit

Final R indices [I > 2o(])]

R indices [all data]
Largest diff. peak and hole

C34H6016F 12Zr;3
1182.13

104(1) K
1.54184 A
Monoclinic

C2/m

a=14.5970(3) A, a = 90°
b=30.6607(5) A, B =
103.286(2)°

¢ =17.41403) A, y = 90°
7585.1(2) A3

4

1.035 g/cm?

3.945 mm’!

2304

0.041 x 0.036 x 0.01 mm?

3.429 to 66.994°
-11<=h<=17, -34<=k<=36,
-20<=1<=20

25792

6904 [R;,; = 0.0328]

99.8%

Full-matrix least-squares
on F?

6904 /0/303

1.023

Rops? = 0.0411, wRp® =
0.1281

R, =0.0470, wRy; =
0.1323

1.732 and -0.771 e-A-3

Cs7H33036Zr16
1841.15
103(1) K
1.54184 A
Monoclinic

C2lc

a=29.3698(8) A, a = 90°
b=19.3135(7) A, p =
97.510(3)°

¢ = 19.0909(6) A, y = 90°
10736.1(6) A3

4

1.139 g/cm?

5.137 mm!

3612

0.095x 0.077 x 0.017 mm?3

3.731 t0 66.993°
-35<=h<=21, -22<=k<=23,
22<=1<=21

19999

9539 [Riy = 0.0516]

99.7%

Full-matrix least-squares
on F?

9539 /15 /447

1.089

Rops® = 0.0849, WR y,s° =
0.2506

Rall = 00966, WRan =
0.2639

2.958 and -1.349 e-A-3

‘R = Z|[Fo-[F| / Z[Fo|, wR = {Z[W([Fo* - [Fo*))] / Z[w([F[)]}"* and
bw=1/[c%(F0o?)+(mP)?+nP] where P=(Fo*+2Fc?)/3 and m and n are constants.

Gas sorption measurements. Low Pressure gas sorption measurements were carried out at

different temperatures using an Autosorb-iQ2 by Quantachrome equipped with a cryocooler

system capable of temperature control from 20 to 320K. Prior to analysis the as made samples

were washed with N,N- dimethylformamide four times per day for 1 day and then soaked in
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acetone 5 times per day for 5 days. Finally, the wet samples were transferred to 6mm sample
cells and activated under dynamic vacuum at room temperature for 18 hours until the outgas
rate was less than 2mTorr/min. After evacuation the samples were weighed to obtain the precise
mass of the evacuated sample and the cells were transferred to the analysis port of the gas

sorption instrument.

Uranyl sorption measurements. Uranyl sorption experiments were performed as reported
elsewhere.l’! Specifically, the experiments were carried out at room temperature (23 + 2 °C)
under normal atmospheric conditions in 0.1 M NaClO,4 aqueous solutions. The preparation of
the test solutions involved dissolution of an appropriate amount of a U(VI) stock solution (0.1
M) that was prepared by dissolution of UO,(NOs),6H,0 in distilled water. Generally, test
solutions (30 ml) containing U(VI) of known concentration, were mixed with a given mass of
MOF and the resulting suspension was shaken in a thermostated orbital shaker (at 100 rpm) for
2 h to assure that equilibrium had been reached. Specifically, the effect of pH was studied in
the pH range between 1 and 5, at constant U(VI) concentration ([U(VI)], = 5%10 M) in the
suspension and T = 296 K. The effect of ionic strength was studied by varying the NaClO4
concentration between 0 and 0.5 M, at constant U(VI) concentration ([U(VI)], = 5*10* M) in
the suspension and T = 296 K. For studying the effect of initial U(VI) concentration, the latter
was varied between 10 and 9*10 M in the test suspensions (0.033g of MOF in 30 ml
solution) at pH 3. For kinetic studies certain amount of MOF (0.033 g) was mixed with 100 ml
of U(VI) solutions ([U(VI)], = 5*103 M, T =296 K for UCY-13 and ([U(VD)], = 5*10* M, T
=296 K for UCY-14) at pH 3 and the metal concentration was determined at regular time steps.
For the uranium analysis, aliquots collected from the suspension were filtered with membrane
filters (pore size: 450 nm) and the uranium concentration was determined spectrophoto-
metrically (UV 2401 PC Shimadzu) by means of arsenazo-III, according to a previously
described method.!®]

Selectivity measurements. Uranyl selectivity sorption experiments were performed in 10 ml
aqueous solutions of NaCl, NaNO;, Na,SO,, CaCl, and commercial mineral water (CMW)
spiked with 1 ppm of UO,(0,CMe),-6H,0 containing 10 mg of solid UCY-13 or UCY-14.
The solutions were left under magnetic stirring for 10 min and then the amount of remaining
UO,*" was determined via AdSV (adsorptive stripping voltammetry). The voltammetric
measurements were performed using a Trace Metal Analyzer (797 VA Computrace, Metrohm

AG Ltd, Switzerland) equipped with a three-electrode system. Measurements were carried out
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in a 10 ml glass voltammetric cell equipped with Ag/AgCIl/KCl (3 mol/L) as reference electrode
and a Pt wire auxiliary electrode. The working electrode was Hanging Mercury Drop Electrode
(HMDE). The analysis has been done following the AN-V-088 protocol developed by

Metrohm (http://rohs.metrohm.com/Voltammetry/MVA2.html?identifier=AN-V-

088&language=en).

Uranyl sorption studies from wastewater, simulated seawater, real seawater and ground
water. Experiments of uranyl sorption from wastewater (WW) (from a local wastewater treatment
plant), simulated seawater (SSW), real seawater (RSW) spiked with 1 ppm of UO,?>" and
ground water (GW) by UCY-13 and UCY-14 were performed. The determination of remaining
uranium in solution was carried out by alpha-spectroscopy as described elsewhere.’l In particular,
investigations of uranyl sorption from local ground water known to exhibit a fairly high UO,**
concentration (~40 ppb)!'%! involved addition of 0.1 g of as synthesized UCY-13 and UCY-14 to 200
ml of the aqueous samples and investigation of the uranium sorption under ambient conditions. In
addition, SSW, RSW and WW samples were investigated by contacting 30 ml of the samples, which
were contaminated with uranium standard reference solution, with 0.1 g of the MOF adsorbents. The
contact time between the metal ions and the adsorbent was set at 3 hours to reach equilibrium. The
experiments were repeated with similar samples traced with 23?U-tracer (NPL) or uranium AAS
standard (Sigma Aldrich) solution to evaluate the method efficiency and simultaneously investigate the

sorption process using spiked field samples.


http://rohs.metrohm.com/Voltammetry/MVA2.html?identifier=AN-V-088&language=en
http://rohs.metrohm.com/Voltammetry/MVA2.html?identifier=AN-V-088&language=en

Structural Figures

Figure S1: Representations of: a) the [Zrs(u3-O)4(13-OH)4(COO)g(OH)4(H,0),4] SBU, b) the
HFPBBA? ligand as well as a simplified form in which the phenyl rings are omitted, c¢) the 2D
framework along a-axis. d) the 2D framework along b-axis, e) the 2D framework along c-axis
emphasizing on the formation of thombic channels and f) the 2D framework along b-axis of
UCY-13; dashed lines denote the closest distances between the SBUs and the intersheet
hydrophobic interactions between two adjacent sheets. Color code: Zirconium, dark blue;

Fluorine, light green; Oxygen, red; Carbon, grey; Hydrogen, white.



Figure S2: Representations of: a) the [Zrg(13-0)4(p3-OH)4(COO)g(OH)4(H,0)4] cluster, b) the
OBA? ligand as well as a simplified form in which the phenyl rings are omitted, ¢) the 2D
framework along a-axis, d) the 2D framework along b-axis and e) the 2D framework along c-
axis of UCY-14 emphasizing on the formation of rhombic channels. Color code: Zirconium,

dark blue; Oxygen, red; Carbon, grey; Hydrogen, white.



Physical Measurements/Characterization
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Figure S3: Powder X-ray diffraction pattern of the as synthesized compound UCY-13, along

with the simulated pattern from the single crystal data.
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Figure S4: Powder X-ray diffraction pattern of the as synthesized compound UCY-14, along

with the simulated pattern from the single crystal data.
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Figure S5: IR spectrum of the as synthesized compound UCY-13.
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Figure S6: IR spectrum of the as synthesized compound UCY-14.
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Stability Studies
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Figure S7: Powder X-ray diffraction patterns of UCY-13 treated (as described in the

experimental part) in the indicated organic solvents.
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Figure S8: Powder X-ray diffraction patterns of UCY-14 treated (as described in the

experimental part) in the indicated organic solvents.
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Figure S9: Powder X-ray diffraction patterns of UCY-13 treated (as described in the

experimental part) in aqueous solutions of the indicated pH values.
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Figure S10: Powder X-ray diffraction patterns of UCY-14 treated (as described in the

experimental part) in aqueous solutions of the indicated pH values.
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Figure S11: Powder X-ray diffraction patterns of UCY-13 treated (as described in the

experimental part) in aqueous solutions of the indicated chemical species. Blank: 0.1M NaClO4

and NaNO; 0.5mM.
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Figure S12: Powder X-ray diffraction patterns of UCY-14 treated (as described in the

experimental part) in aqueous solutions of the indicated chemical species. Blank: 0.1M NaClO4

and NaNO; 0.5mM.
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Figure S13: Variable temperature pXRD patterns of compound UCY-13.
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Figure S14: TGA graph of the as synthesized compound UCY-13. TG analysis reveals that the
thermal decomposition of compound UCY-13 proceeds via a two-step process. The first step
(until ~450°C) is attributed to the removal of the lattice DMF and HCOOH molecules and
terminally ligated H,O molecules corresponds to ~37.0 % of the material’s total mass. This
value is in agreement with the corresponding calculated value for UCY-13-8DMF-16HCOOH
(~37.6%). In fact, 'H-NMR measurements of the digested (in aq.KOH) as synthesized material
also support the presence of DMF and HCOOH molecules in UCY-13 (Fig. S15). The second
mass loss which is completed at ~600°C is attributed to the decomposition of the ligand
HFPBBA? and accounts to ~41.5 % of the initial mass of the compound (calculated for UCY-
13-8DMF-16HCOOH ~42.2%).
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Figure S15: "TH-NMR spectrum of as synthesized UCY-13 digested in 0.5M KOH in D,O0.
These data indicate the presence of the organic ligand HFPBBA? as well as HCOOH and DMF
in UCY-13. '"H NMR (D,0): § 2.233 (s, 6H, CHs, Acetone), & 2.815 (s, 3H, CHs, DMF), § 2.967 (s,
3H, CH3, DMF), 6 4.790 (s, 2H, H,0, H,0), 6 7.494 (d, 4H, Ar-H, HFPBBA?*),  7.857 (d, 4H, Ar-H,
HFPBBA), § 8.429 (s, 1H, HCOO-, HCOO").
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Figure S16: ?F-NMR spectrum of as synthesized UCY-13 digested in 0.5M KOH in D,0.
These data indicate the presence of the organic ligand HFPBBA?- in UCY-13.
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Figure S17: Variable temperature pxrd patterns of compound UCY-14.
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Figure S18: TGA graph of the as synthesized compound UCY-14. TG analysis reveals that the
thermal decomposition of compound UCY-14 proceeds via a two-step process. The first step
(until ~450°C) is attributed to the removal of the lattice / coordinated HCOOH groups and
lattice DMF molecules and corresponds to ~30.8 % of material’s total mass. This value is in
agreement with the corresponding calculated value for UCY-14-6DMF-6HCOOH (~30%). In
fact, 'H-NMR measurements of the digested (in aq.KOH) as synthesized material also support
the presence of DMF and HCOOH molecules in UCY-14 (Fig. S19). The second mass loss is
completed at ~600°C and is attributed to the decomposition of the ligand OBA?- which
accounts to 38 % of the initial mass of compound UCY-14-6DMF-6HCOOH (calculated 39.5
%).
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Figure S19: 'TH-NMR spectrum of as synthesized UCY-14 digested in 0.5M KOH in D,0.
These data indicate the presence of the organic ligand OBA?- as well as HCOOH and DMF in
UCY-14. 'H NMR (D,0): 5 2.253 (s, 6H, CHs, Acetone), 5 2.825 (s, 3H, CHs, DMF), 5 2.974 (s, 3H,
CH,, DMF), § 4.790 (s, 2H, H,0, H,0), 3 7.096 (d, 4H, Ar-H, OBAZ), § 7.894 (d, 4H, Ar-H, OBAZ),
§ 8.457 (s, 1H, HCOO-, HCOO").
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Gas Sorption Measurements
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Figure S20: BET plot for the UCY-13 from Ar adsorption isotherm at 87K.
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Figure S21: Langmuir plot for UCY-13 from Ar adsorption isotherm at §7K.
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Figure S22: Argon adsorption isotherm of UCY-13 recorded at 87 K and the corresponding

NLDFT fitting.
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Figure S23: BET plot for the UCY-14 from Ar adsorption isotherm at 87 K.
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Figure S24: Langmuir plot for UCY-14 from Ar adsorption isotherm at 87 K.
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Figure S25: Argon adsorption isotherm of UCY-14 recorded at 87 K and the corresponding

NLDFT fitting.
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Low pressure CO,, CH4 and H, sorption isotherms, determination of heat of adsorption and

CO,/CH, selectivity calculations using IAST.

Heat of adsorption: To calculate heats of adsorptions, the corresponding adsorption isotherms
at two different temperatures (77 K / 87 K for H; and 273 K / 293 K for CO, and CH,) were

simultaneously fitted using the virial typel' '] Equation 1:

InP = lnN+lZalN" +> N
T i=0 i=0 (1)

The heat of adsorption at zero coverage was calculated from Equation 2, where as a function

of surface coverage, from Equation 3:
2)

0,(N)=-R) a,N'
=0 (3)

For the determination of the isosteric heat of adsorption using the Clausious - Clapeyron
equation a commercially available software, ASiQwin (version 3.01) purchased from

Quantachrome, was used.

Gas Selectivity using the IAST model. The corresponding calculations were performed
according to an established procedure.['*"15] Specifically, the single-component adsorption

isotherms were described by fitting the data with the following virial-type equation.

(4)

Where p is the pressure in Torr, n is the adsorbed amount in mmol g-1, K is the Henry constant

in mmol g-1 Torr-1 and ci are the constants of the virial equation.
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The free energy of desorption at a given temperature and pressure of the gas is obtained from

the analytical integration of eq. (4):

B
G(Tp)=RT | -dp=RT(n+ Ecln + §Czn + Zc3n + §c4n )
p
0 (5)

The free energy of desorption is a function of temperature and pressure G(T,p) and describes

the minimum work (Gibbs free energy) that required to completely degas the adsorbent surface.

0
For a binary mixture of component i and j eq. (5) yields the individual pure loadings Miand

0
" at the same free energy of desorption:

l

Gi(n}) = Gj() 6)

The partial pressure of component i and j in an ideal adsorption mixture is given by the

following equations:

py; =p(n)x, )

py;= P?(n?)x,- (8)

whereyi (=1-yj) and xi (=1-xj) is the molar fraction of component 1 in the gas phase and the

0.0
adsorbed phase respectively and Pi Pjis the pure component pressure of 1 and j respectively.
From eq. (6)-(8) and (3), the selectivity for the adsorbates i and j (Si,j) and the total pressure
(p) of the gas mixture were calculated from eq. (9) and eq. (10), respectively.
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Figure S26: CO, adsorption isotherms of UCY-13 at 273 K, 283 K and 298 K.
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Figure S27: Virial type fitting of CO, adsorption isotherms of UCY-13 at 273 K, 283 K and
298 K according to equation 1.
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Figure S28: CO, isosteric heat of adsorption in UCY-13 as a function of surface coverage.
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Figure S29: CO, Adsorption isotherms of UCY-14 at 273 K, 283 K and 298 K.
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Figure S30: Virial type fitting of CO, adsorption isotherms of UCY-14 at 273 K, 283 K and
298 K according to equation 1.
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Figure S31: CO, isosteric heat of adsorption in UCY-14 as a function of surface coverage.
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Figure S32: CH,4 adsorption isotherms of UCY-13 at 273 K, 283 K and 298 K.
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Figure S33: Virial type fitting of CH,4 adsoprtion isotherms of UCY-13 at 273 K, 283 K and

298 K accornding to equation 1.
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Figure S34: CH, isosteric heat of adsorption in UCY-13 as a function of surface coverage.
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Figure S35: CH,4 adsorption isotherms of UCY-14 at 273 K and 298 K.
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Figure S36: Virial type fitting of CH,4 adsorption isotherms of UCY-14 at 273 K and 298 K

according to equation 1.
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Figure S38: Selectivities of CO, over CHy at 298 K and 273 K for UCY-13 as predicted by
IAST for a 5/95 CO,/CH, molar mixture.
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Figure S39: Selectivities of CO, over CHy at 298 K and 273 K for UCY-14 as predicted by
IAST for a 5/95 CO,/CH, molar mixture.
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Figure S40: H, adsorption isotherms of UCY-13 at 77 K and 88 K.
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Figure S41: Virial type fitting of H, adsoprtion isotherms of UCY-13 at 77 K and 88 K

according to equation 1.
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Figure S42: H; isosteric heat of adsorption in UCY-13 as a function of surface coverage.
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Figure S43: H; adsorption isotherms of UCY-14 at 77 K and 88 K.
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Figure S44: Virial type fitting of H, adsorption isotherms of UCY-14 at 77 K and 88 K

according to equation 1.
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Figure S45: H; isosteric heat of adsorption in UCY-14 as a function of surface coverage.
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Uranyl Sorption Measurements

Adsorption Equilibrium
MOF/MOE based Capacity pH Time Reusability Mechanism  Ref.
material .
(mg/g) (mins)
.~ Not b [16]

Ui0-66 109.9 5.5 300 Reported LE.

. Not b [16]
UiO-66-NH, 114.9 5.5 300 Reported LE.
Ui0-66A0 2.68(seawater) N87 ' 120 Reusable CLFG:e 7

217 2.5 60 Not full
COVAR ot Tully c [18]
Ui0-68-P(O)(OEt), desorbed C.LF.G.
152 5 60
109 2.5 60 Not full
‘N co ot tully ¢ [18]
Ui0-68-P(0)(OH), desorbed C.LF.G.
104 5 60
GO-COOH/Ui0-66 188.3 8 230 Reusable LE.b [19]
Low

HKUST-1 787.4 6 60 desorption E.I.¢ (201

yield

MIL-101 20 55 120 Not N/A e

’ Reported

MIL-101-NH, 90 5.5 120 Reusable CLFG¢® (21]
MIL-101-ED 200 55 120 Reusable? CLFG¢® (211
MIL-101-DETA 350 5.5 120 Reusable? CLFG® (211
MOE-76 298 3 60 Reusable LE.® (221
Not . this

UCY-13 984 3 120 Desorbed C.D.SBU work
Not . this

UCY-14 471 3 120 Desorbed C.D.SBU work

Table S2: Uranyl sorption by representative MOFs.
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2 A small decrease (~ 30 %) of the UO,?*sorption capacity of the re-used material was
observed.  LE.: Ion Exchange; ¢ C.L.F.G.: Coordination to ligand’s functional groups; ¢ E.I.:

Electrostatic Interactions, ¢ C.D.SBU: Coordination to donor groups of the SBU

1000 . TR

800

Figure S46: Effect of pH on U(VI) sorption by UCY-13, C;, = 0.5mM, pH=1-5+ 0.1, =
0.1M (NaClOy), Mgyrpen: UCY-13 =0.033g, Vonution =30 ml and T =296 + 2 K.
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Figure S47: Effect of pH on U(VI) sorption by UCY-14, C;, = 0.5mM, pH=1-5+0.1, 1 =
0.1M (NaClOy), Mgrbent: UCY-14 = 0.033g, Voiution = 30 ml and T =296 + 2 K.
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Figure S48: Effect of ionic strength on U(VI) sorption by UCY-13, C;, =0.5mM, pH=3 £0.1,
[=0-0.5M (NaClOy), mgopent: UCY-13 =0.033g, Vorution = 30 ml and T =296 + 2 K.
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Figure S49: Effect of ionic strength on U(VI) sorption by UCY-14, C;, =0.5mM, pH=3 £0.1,
[=0-0.5M (NaClOy), mgrpen: UCY-14 =0.033g, Votion = 30 ml and T =296 £ 2 K.
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Figure S50: The kinetics of U(VI) sorption by UCY-13, C;, = 0.5mM, pH=3 £0.1,1=0.1M
(NaClOy), Mgorbent: UCY-13 =0.033g, Volution = 100 ml and T =296 =2 K.
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Figure S51: The kinetics of U(VI) sorption by UCY-14, C;, = 0.5mM, pH=3 £0.1,1=0.1M
(NaClOy), UCY-14 = 0.033g, Vsoiution = 100 ml and T =296 + 2 K.
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Figure S52: Powder X-ray diffraction patterns of U(VI)@UCY-13 (UCY-13 containing U(VI)
into its pores); C;, = shown in the figure, pH 3 + 0.1, I = 0.1M (NaClOy), t = 120 min, Mgopent:
UCY-13 =0.033g, Viomtion =30 ml and T =296 + 2 K.
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Figure S53: Powder X-ray diffraction patterns of U(VI)@UCY-14 (UCY-14 containing U(VI)
into its pores); C;, = shown in the figure, pH 3 + 0.1, I = 0.1M (NaClOy), t = 120 min, Myopent:
UCY-14 = 0.0332, Vgoution = 30 ml and T = 296 + 2 K. Blank: 0.1M NaClO4 and NaNOj3;
0.5mM.
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Figure S54: IR spectra of U(VI)@UCY-13 (UCY-13 containing U(VI) into its pores); Ci, =

shown in the figure, pH 3 £ 0.1, I = 0.1M (NaClOy), t = 120 min, mggpe,: UCY-13 = 0.033g,
Volution =30 mland T =296 + 2 K.
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Figure S55: IR spectra of U(VI)@UCY-14 (UCY-14 containing U(VI) into its pores); C;, =
shown in the figure, pH 3 £ 0.1, I = 0.1M (NaClOy), t = 120 min, mggpenr: UCY-14 = 0.033g,
Volution =30 mland T =296 + 2 K.
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Figure S56: "TH-NMR spectrum of treated UCY-13 (magnetic stirring for 2 hours of 33 mg of
UCY-13 in a solution containing NaClO,4 0.1M with pH = 3) digested in 0.5M KOH in D,0.
This measurement indicates that no ligand decomposition takes place at the corresponding
conditions since no additional peaks appear compared to the 'H NMR spectrum of as

synthesized UCY-13 shown in fig S15 (for peaks assignment see the caption of fig S15).
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Figure S57: "TH-NMR spectrum of U(VI)@UCY-13 (UCY-13 containing U(V]) into its pores);
Cin(UO(NO3),) = ImM, pH 3 £ 0.1, I = 0.1M (NaClOy), t = 120 min, Mgypenr: UCY-13 =
0.033g, Vomtion = 30 ml and T =296 £ 2 K) digested in 0.5M KOH in D,0O. This measurement
indicates that no ligand decomposition takes place at the corresponding conditions since no
additional peaks appear in this spectrum compared to the '"H NMR spectrum of as synthesized

UCY-13 shown in fig S15 (for the assignment of the peaks see the caption of figS15).
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Figure S58: 'H-NMR spectrum of the supernatant liquid after U(VI) sorption into the
framework of UCY-13; C;,(UO,(NOs3);) = ImM, pH 3 £0.1, I = 0.1M (NaClO,), t = 120 min,
Mgorpent: UCY-13 = 0.033g, Vontion = 30 ml and T = 296 + 2 K. This measurement indicates
that no ligand leaching and MOF decomposition takes place upon U(VI) sorption into the
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framework of UCY-13 since the only peak appearing in the spectrum (J 4.790) is assigned to
H,O H atoms.
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Figure S59: 1"F-NMR spectrum of U(VI)@UCY-13 (UCY-13 containing U(VI) into its pores)
digested in 0.5M KOH in D,0; C;i,(UO»(NO3),) = ImM, pH 3 £ 0.1, I = 0.1M (NaClOy,), t =
120 min, mggpen: UCY-13 = 0.0332, Votion = 30 ml and T = 296 + 2 K. This measurement
indicates that no ligand decomposition takes place at the corresponding conditions since there
is only one peak appearing at this spectrum (3 -63.75) as happens in the '’F-NMR spectrum of
as synthesized UCY-13 digested in 0.5M KOH in D,0 shown in fig S16.
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Figure S60: "TH-NMR spectrum of treated UCY-14 (magnetic stirring for 2 hours of 33 mg of
UCY-14 in a solution containing NaClO,4 0.1M with pH = 3) digested in 0.5M KOH in D,0.

This measurement indicates that no ligand decomposition takes place at the corresponding
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conditions since no additional peaks appear in this spectrum compared to the 'H NMR
spectrum of as synthesized UCY-14 shown in fig S19 (for the assignment of the peaks see the
caption of figS19). This measurement also indicates the partial removal of lattice DMF and

formic acid molecules and ligated formate during this treatment.
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Figure S61: 'H-NMR spectrum of U(VI)@UCY-14 (UCY-14 containing U(VI) into its pores)
digested in 0.5M KOH in D,0; C;,(UO,(NOs3),;) = 9mM, pH 3 £ 0.1, [ = 0.1M (NaClOy), t =
120 min, mggpenr: UCY-14 = 0.033g, Votion = 30 ml and T = 296 + 2 K. This measurement
indicates that no ligand decomposition takes place at the corresponding conditions since no

additional peaks appear in this spectrum compared to the '"H NMR spectrum of as synthesized

UCY-14 shown in fig S19 (for the assignment of the peaks see the caption of fig S19).
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Figure S62: 'H-NMR spectrum of the supernatant liquid after U(VI) sorption by UCY-14;
Cin(UOy(NO3),) = 9mM, pH 3 = 0.1, I = 0.1M (NaClQy), t = 120 min, Myypen: UCY-14 =
0.033g, Vgolution =30 ml and T =296 + 2 K. This measurement indicates that no ligand leaching
and MOF decomposition takes place upon U(VI]) sorption into the framework of UCY-14 since
the only peak appearing in the spectrum (6 = 4.790 ppm) is assigned to H,O H atoms.

{Hlé [ZI'6O 16 (HFPBBA)4] }n + IOHUOQ(NO3)2 +1 OynHzO s

{Hi6.x[Z1r6016 (HFPBBA)4((UO,(H>0)y)10(NO3)204)]}n + XxnH* + xnNO5" Equation 1

{H,3[Zrs014 (OBA)4(HCOO)]}, +4nUO,(NOs), +(4y+2)nH,0 ————>

{H16_X[2r6016 (OBA)4((UOz(HQO)y)4(N03)8_X)] }n +xnH" + XIlNOy,_ +nHCOOH Equation 2

Scheme S1: Stoichiometric chemical equations representing UO,>" sorption by UCY-13
(Equation 1) and UCY-14 (Equation 2). Note that when UCY-14 is exposed in aqueous
solutions the ligated bridging HCOO- is replaced by terminal OH- and H,O molecules as
indicated by "H NMR spectra of the digested in 0.5 M KOH material (see Fig. S60).

44



Table S3: Composition of the Commercial Mineral Water (CMW) used in this study.

Ion Quantity (mg/L)
Ca? 93.1
Mg?* 1.9
Na* 2.6
K* 0.1
NH4* <0.1
HCOs 270
Cr 9
SO4* 12.2
NO3' 7.2
NOy <0.05
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é J i s . RS
=

_'qg_g‘ JM A A A SS
c

- CMW

__Jl\/“w, e _As Synthesized
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Figure S63: Powder X-ray diffraction patterns after stirring for 2 hours a suspension of UCY-

13, in various aqueous media (CMW: commercial mineral water, SSW: simulated seawater,

RSW: real seawater, WW: wastewater, GW: ground water); mgopenr: UCY-13 = 0.1g, Vomution
=30mland T=296 +2 K.
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Figure S64: Powder X-ray diffraction patterns after stirring for 2 hours a suspension of UCY-

14, in various aqueous media (CMW: commercial mineral water, SSW: simulated seawater,

RSW: real seawater, WW: wastewater, GW: ground water); Mgopent: UCY-14 = 0.1g, Vomution
=30mland T=296 +2 K.

GW

Ww

RSW

SSW

As Synthesize

f T T T T T T T T T T T T
2000 1800 1600 1400 1200 1000 800

wavenumber (cm'1)

46



Figure S65: IR spectra of treated UCY-13 (magnetic stirring for 2 hours of a suspension of
UCY-13, in various aqueous media; CMW: commercial mineral water, SSW: simulated
seawater, RSW: real seawater, WW: wastewater, GW: ground water); mgopene: UCY-13=0.1g,
Volution=30ml and T =296 + 2 K.
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Figure S66: IR spectra of treated UCY-14 (magnetic stirring for 2 hours of a suspension of
UCY-14, in various aqueous media; CMW: commercial mineral water, SSW: simulated
seawater, RSW: real seawater, WW: wastewater, GW: ground water); mg,pene: UCY-14=0.1g,
Volution = 30 ml and T =296 £ 2 K.
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Figure S67: 'TH-NMR spectrum of the filtrate resulted from the treatment (magnetic stirring for
2 hours) of UCY-13 with CMW; myypen: UCY-13 = 0.033g, Voution = 30 ml and T =296 + 2
K. This measurement indicates that no ligand leaching and MOF decomposition takes place
upon treatment of UCY-13 with CMWI1 since the only peak appeared in this spectrum (6 4.790)

is assigned to H,O H atoms.

T T T T T T T T T T T T T 1
14 13 12 1 10 9 8 7 6 5 4 3 2 1 ppm

Figure S68: 'H-NMR spectrum of the filtrate resulted from the treatment (magnetic stirring for
2 hours) of UCY-13, in CMW in the presence of UO,>*(1ppm); Myypens: UCY-13 = 0.033g,
Volution = 30 ml and T = 296 + 2 K. This measurement indicates that no ligand leaching, and
MOF decomposition takes place upon U(VI) sorption by UCY-13 in CMWI since the only
peak appeared in this spectrum (6 4.790) is assigned to H,O H atoms.
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Figure S69: 'TH-NMR spectrum of the filtrate resulted from the treatment (magnetic stirring for
2 hours) of UCY-14 with CMW; myypen: UCY-14 = 0.033g, Vouution = 30 ml and T =296 + 2
K. This measurement indicates that no ligand leaching and MOF decomposition takes place
upon treatment of UCY-14 with CMWI1 since the only peak appeared in this spectrum (6 4.790)

is assigned to H,O H atoms.

Figure S70: 'TH-NMR spectrum of the filtrate resulted from the treatment (magnetic stirring for
2 hours) of UCY-14, with CMW in the presence of UO,2"(1ppm); Mgypeni: UCY-14 = 0.033 g,
Vioution = 30 ml and T = 296 + 2 K. This measurement indicates that no ligand leaching and
MOF decomposition takes place upon U(VI) sorption by UCY-14 in CMW1 since the only
peak appeared in this spectrum (6 4.790) is assigned to H,O H atoms.

Figure S71: Representations of a) the [Zrg(13-O)4(p3-OH)4(COO)g(2-O)a(pia-
OH)4{UO,(H,0);}4] SBU of a proposed U(VI)@UCY-13 theoretical model created assuming
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that UO,?" ions are linked to the Zrs SBUs through their terminal OH/H,O groups and b) the
2D framework of the U(VI)@UCY-13 theoretical model along a-axis (uranium, turquoise;

zirconium, dark blue; fluorine, light green; oxygen, red; carbon, grey; hydrogen, white).

Exp.U(V)@UCY-13

(020)

—— Simulated U(VI)@UCY-13 Theoretical Model
—— Simulated UCY-13
As Synthesized

0)

Intensity (arb. units)

6 12 18 24 30 36 42 48 54 60
20, CuKa

Figure S72: Simulated pxrd pattern produced from the proposed U(VI)@UCY-13 theoretical

model shown in figure S71 and its comparison with the indicated simulated/experimental pxrd

patterns.

S

L

Figure S73: Representations of a) the [Zrg(13-0)4(p3-OH)4(COO)s(12-O)( 1o
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OH),{UO,(H;0)3},(OH),(H,0),] SBU of a proposed U(VI)@UCY-14 theoretical model
created assuming that UO,?* ions are linked to the Zrs SBUs through their terminal OH/H,O
groups and b) the 2D framework of the U(VI)@UCY-14 theoretical model along c-axis
(uranium, turquoise; zirconium, dark blue; oxygen, red; carbon, grey; hydrogen, white).

—— Simulated U(V)@UCY-14 Theoretical Model

Exp. U(VI)@UCY-14
As Synthesized

(200)

—— Simulated UCY-14

200)

Intensity (arb. units)

(200)

! ' I Y I X I ' 1
5 10 15 20 25 30
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Figure S74: Simulated pxrd pattern produced from the proposed U(VI)@UCY-14 theoretical
model shown in figure S73 and its comparison with the indicated simulated/experimental pxrd

patterns.
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Figure S75: The optimized binding geometries of UO,(NO;),(H,0) complex with (a) H,OBA
and (b) HHFPBBA linker. Uranium, carbon, oxygen, fluorine and hydrogen illustrated as blue,
grey, red, light blue and white spheres, respectively.
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