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S1. Supplementary Methods

Materials and Methods

Caution! Because of the radioactive and chemically toxic nature of uranyl nitrate
hexahydrate, UO,(NOj3),-6H,0, precautions with suitable care and protection should
be followed. All chemical reagents are purchased commercially and used directly
without further purification. UO,(NO;),-6H,0 (12.55 g, 0.025 mol) was dissolved in
50 mL of deionized water to afford 0.5 M uranyl nitrate mother liquor. The
experimental data of powder X-ray diffraction (PXRD) were collected on the Bruker
D8 Advance powder X-ray diffractometer. The copper target provided Ka rays (A =
1.5406 A) with a step length of 0.02°. Thermogravimetric analysis (TGA) uses a model
TA Q500 analyzer; the recorded temperature range is 30-800 °C, and the heating rate
is 5 °C/min. The infrared (IR) data were recorded with the Bruker Tensor 27 infrared
spectrometer, and the measurement range is 400-4000 cm™!. Fluorescence spectra were
recorded on a Hitachi F-4600 fluorescence spectrophotometer. Ultraviolet-visible (UV-

vis) absorption spectroscopy was performed with a HITACHI U-3600 instrument.

Synthesis of Ligands

HpPyVB: The ligand was synthesized according to the previously reported literature
with a minor modification'. 4-formylbenzoic acid (8.0 g, 0.053 mmol) and 4-
methylpyridine (5.22 mL, 0.054 mmol) were refluxed in 25 mL acetic anhydride for 16
hours. The mixture was then cooled to ambient temperature and poured onto 200 mL
of ice water. A light-yellow powder was collected from filtration, and washed
repeatedly with water, followed by aqueous ethanol, and dried to give (E)-4-(2-
(pyridin-4-yl)vinyl)benzoic acid (HpPyVB) (11.5 g, 96.3%).1H NMR (500 MHz, 25°C,
DMSO-d6): &/ppm = 12.95 (br, 1H), 8.52 (d, 2H), 7.97 (d, 2H), 7.77 (d, 2H), 7.66 (d,
1H), 7.63 (d, 2H), 7.41 (d, 1H).IR data (KBr, cm™"): 3008, 1637, 1674, 1414, 1161,
1127, 1034, 1012, 942, 843, 812, 764, 743, 634, 512.

HmPyVB: The ligand was synthesized according to the previously reported literature

with a minor modification'. 3-formylbenzoic acid (8.0 g, 0.053 mmol) and 4-



methylpyridine (5.22 mL, 0.054 mmol) were refluxed in 25 mL acetic anhydride for 16
hours. The mixture was then cooled to ambient temperature and poured onto 200 mL
of ice water. A brownish-yellow powder was collected from filtration, and washed
repeatedly with water, followed by aqueous ethanol, and dried to give (E)-3-(2-
(pyridin-4-yl)vinyl)benzoic acid (HmPyVB) (10.85g, 90.9%).1H NMR (500 MHz,
25°C, DMSO-d6): 6/ppm =13.16 (s, 1H), 8.54 (d, 2H), 8.25 (s, 1H), 7.92 (t, 2H), 7.65
(d, 1H), 7.61 (d, 2H), 7.55 (t, 1H), 7.36 (d, 1H). IR data (KBr, cm'): 3028, 1686, 1606,
1414,1282, 1169, 1062, 1010, 952, 845, 811, 779, 763, 692, 592, 538, 518.

[HMPyVBII: The ligand was synthesized according to the previously reported
literature with a minor modification?. 1,4-dimethylpyridin-1-ium (12.69 g, 0.054 mol)
iodide and 4-formylbenzoic acid (8.00 g, 0.053 mol) were refluxed in 25 mL acetic
anhydride for 16 hours. The mixture was then cooled to ambient temperature and
poured onto 200 mL of ice water. A light-yellow powder was collected from filtration,
and washed repeatedly with water, followed by aqueous ethanol, and dried to give (E)-
4-[2-(methylpyridin-4-yl)vinyl]benzoic acid ((HMPyVB]I) (13.9 g, 71.9%). 1H NMR
(500 MHz, DMSO-d6): 6/ppm =13.14 (br, 1H), 8.91 (d, 2H), 8.27 (d, 2H), 8.07 (d, 1H),
8.03 (d, 2H), 7.85 (d, 2H), 7.67 (d, 1H), 4.21(s, 3H). IR data (KBr, cm™): 3389, 3037,
1703, 1644, 1622, 1564, 1519, 1502, 1415, 1368, 1334, 1257, 1217, 1178, 1108, 1010,
978, 959, 887,861, 821, 778, 751, 684, 640, 533, 518.

Bonding analysis and comparison of N-donors and O-donors

To explore the bonding nature between uranyl ions with N-donors and O-donors, 3 with
[mPyVB] ligands in two kinds of uranyl coordination modes was used as the
representative model (Figure S9), and frontier molecular orbitals (MOs) and bond
orders including Wiberg bond index (WBI),?> Gophinatan-Jug bond order (GJBO)* and
Nalewajski-Mrozek bond orders (NMBO)> ¢ were carried out using BP86 functional
with the Amsterdam Modeling Suite 2022 (AMS 2022)7° Scalar-relativistic effects
with the zeroth-order regular approximation (ZORA) Hamiltonian method and the

Slater-type orbital (STO) all-electron TZ2P basis set!? were applied.



Iodine Capture Experiment

To evaluate the sorption capacity of 1 and 2 for gaseous iodine, 20 mg of each was
exposed to a saturated iodine vapor atmosphere at 75°C. Detailed experimental
procedures are as followed (the set-up for the iodine absorption experiments is shown
in Figure S18): a glass dish with 20 mg of 1 was placed in a sealed glass bottle
containing 5 g of iodine and heated in an oven at 75 °C. The sample was periodically
weighed until its mass stabilized. 2 was subjected to the same procedure as described

above.

Experimental Data Fitting
The kinetic equations for the pseudo-primary and pseudo-secondary adsorption
kinetic models are as follows.

Pseudo-first-order kinetic equations:

_Kl 't
Qt = Qg_Q e
Pseudo-second-order kinetic equations:
a’ K ot
“ira K,-t

Here, K; (h!) and K, (g'mg'h') represent the first-order and second-order rate
constants, respectively. Q, (mg-g!) denotes the iodine vapor adsorbed per gram of

sample at time t, while Q. (mg-g!) represents the equilibrium adsorption capacity.
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Figure S1. The asymmetric units of 1-6.
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Figure S2. The surrounding coordination sphere of each uranyl center in 1 containing

two bridging hydroxyl groups, two O atoms from different bridging carboxyl groups of
two [pPyVB]-linkers, and a N-donor from another [pPyVB] linker: (A) stick model,
(B) polyhedral model.



Figure S3. Hydrogen bonds between two adjacent 2D layers in 1 (03-H6, 2.636(6) A;
02-H14, 2.838(5) A).
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Figure S4. Lattice stacking and hydrogen interactions of two uranyl moieties in 2: (A-
C) the supramolecular 3D framework formed by alternating supramolecular networks
of tetra-nuclear chains and mono-nuclear complex (A) with two different arrays,
tetranuclear uranyl moieties (B) and mononuclear uranyl moieties (C); (D) hydrogen
bonds between adjacent uranyl moieties (O4---H33 distance, 2.673(4) A; O3---H28
distance, 2.426(5) A; O3---H27 distance, 2.946(4) A; O1---H27 distance, 2.826(7) A;
O1---H29 distance, 2.306(5) A; O1---H36 distance, 2.611(4) A).



N1-+H(7B): 2.312(4) A

Figure SS. The O-H:--N hydrogen bonds between adjacent uranyl-based four-member

rectangular units for constructing final supramolecular chains and networks in 3.
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Figure S6. The possible formation mechanism of terephthalate from MPyVB through
the oxidative cleavage of olefins into carboxylic acids by ambient oxygen under

hydrothermal/solvent conditions.

Figure S7. (A) C-H:--O hydrogen bonds between adjacent basic structural units in 4
(02---Hé6 distance, 2.595(4) A; 02---H9 distance, 2.703(3) A); (B) C-H---O hydrogen
bonds between adjacent basic structural units in 5 (02---H6 distance, 3.003(6) A;

02---H9 distance, 3.044(7) A).



Figure S8. Lattice packing of 4 (A-C) and 5 (D-F).

Figure S9. Molecular structure of 3 with the labels of U, O and N atoms for bonding

analysis.
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Figure S10. The simulated and experimental PXRD patterns of 1.
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Figure S11. The simulated and experimental PXRD patterns of 2.
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Figure S12. The simulated and experimental PXRD patterns of 3.
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Figure S13. The simulated and experimental PXRD patterns of 4.
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Figure S14. The simulated and experimental PXRD patterns of 5.
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Figure S15. The simulated and experimental PXRD patterns of 6.
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Figure S16. Thermogravimetric results of 1-6.
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Figure S17. FT-IR spectra of 1-6.
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Figure S18. The set-up for the iodine absorption experiments.



S3. Supplementary Tables

Table S1. Synthetic information for complexes 1-6.

1 2 3 4 5 6
UO,(NOs3)-6H,0 0.025 0.05 0.025 0.025 0.025 0.5
(mmol)
ligand (mmol) 0.025 0.025 0.025 0.025 0.05 0.025
(HpPyVB) (HpPyVB), (HmPyVB) | ((HMPyVB]I) | ((HMPyVBI]D) | ((HMPyVB]I),
0.025 0.025
(Haipht) (Hatpht)
Solvent CH;CN/H,0, | CH;CN/H,0, DMEF/H,0, CH;CN, CH;CN, H,0,
1.5mL/0.5 1.5mL/0.5 2 mL/0.5 mL 2mL 2 mL 2 mL
mL mL
pH adj. HNO;(1 M) None HNO; (1 M) None HNO; (1 M) NaOH (1 M)
20ulL 280uL 100 uL 100 pL
Temp (°C) 150 150 150 120 120 150
Time (h) 48 48 24 72 72 48
color Yellow Yellow Yellow Yellow Yellow Yellow
Yield (%) 55.6 57.6 67.8 43.6 56.6 453




Table S2. Selected bond distances (A) of U-O and U-N bonds in 1-6.

1
U1-03 1.785(6) U1-04 1.763(6)
U1-01 2.375(4) U1-04 2.427(4)
U1-05 2.373(5) U1-05’ 2.311(5)
U1-N1 2.621(5)
2
U1-01 1.765(5) U1-02 1.783(5)
U1-05 2.250(4) U1-06 2.443(5)
U1-08 2.292(5) U1-010 2.457(5)
U1-011 2.447(4) U2-03 1.775(5)
U2-04 1.784(6) U2-05 2.255(4)
U2-05’ 2.254(4) U2-06 2.696(4)
U2-07 2.465(5) U2-09 2.370(5)
U3-012 1.755(6) U3-013 2.494(5)
U3-014 2.415(5) U3-015 2.528(5)
3
U1-01 1.775(3) U1-02 1.770(3)
U1-03 2.398(3) U1-04 2.485(3)
U1-06 2.318(3) U1-07 2.341(3)
U1-N2 2.566(3)
4
U1-01 1.766(3) U1-02 1.764(3)
U1-08 2.488(3) U1-09 2.485(3)
U1-05 2.478(3) U1-06 2.490(3)
U1-03 2.424(3) U1-04 2.414(3)
5
U1-01 1.747(6) U1-02 1.747(6)

U1-03 2.457(5) U1-04 2.415(5)




UI-05
U1-07

U1-03
Ul1-01
U1-05
U1-020
U2-06
U2-08
U2-019
U3-05
U3-09
U3-016
U3-018
U4-011
U4-014
U4-021

2.427(5)
2.519(5)

1.765(4)
2.472(4)
2.242(3)
2.449(3)
1.793(4)
2.239(3)
2.436(4)
2.257(3)
1.780(4)
2.379(3)
2.677(3)
1.765(4)
2.363(3)
2.498(4)

UI-06
U1-08

U1-04
Ul-02
U1-015
U2-05
U2-07
U2-013
U2-020
U3-08
U3-010
U3-017
U4-08
U4-012
U4-018
U4-022

2.467(6)
2.542(6)

1.763(4)
2.478(4)
2.355(3)
2.252(3)
1.784(4)
2.334(3)
2.698(3)
2.253(3)
1.781(4)
2.469(3)
2.241(3)
1.778(4)
2.482(3)
2.455(4)




Table S3. A comparison in N-involved uranyl coordination sphere and extended

structure of uranyl compounds based on different pyridine carboxylic acid ligands

including isonicotinic acid, 3,5-dichloroisonicotinic acid, (E)-3-(Pyridin-4-yl)acrylic

acid, HpPyVB and HmyVB.

Ligand

N-involved Uranyl
Coordination Sphere

Extended Structure

N/\\:/>—c00H

(RSC Advances, 2015, 5,
33249-33253)

Cl
Cl

(Cryst. Growth Des., 2015, 15,
1395-1406)

— /—COOH
el

(Inorg. Chem., 2018, 57,
14772-14785)

— / COOH
N:\ />

(this work)

}“ /

(this work)




Table S4. The values of WBI, GJBO and NMBO for the U-O/N bonds at

BP86/ZORA/TZ2P level of theory.

Bonds WBI GJBO NMBO
U-N 0.371 0.422 0.491
U-01 0.627 0.691 0.838
U-02 0.437 0.462 0.568
U-03 0.497 0.526 0.645
U-04 0.444 0.467 0.603




Table S5. Kinetic parameters for gaseous iodine adsorption on 1 and 2.

Pseudo-first-order adsorption kinetics Pseudo-second-order adsorption
model kinetics model
Q. (mg'g!) K (h?) R? Q. (mg-g!) Kp(gmg'h') R
1 122 0.178 0.9908 131 0.0021 0.9951

2 100 0.743 0.9869 103 0.0144 0.9995
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