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Section S1. Materials and Characterizations
S1.1. Materials

All materials were reagent grade and used as received, unless stated otherwise.

4-iodobenzaldehyde (Aladdin®, >98.0%), 4-ethynylbenzaldehyde (Aladdin®, >98.0%), 1,3,5-
trimethylbenzene  (Aladdin®,  >98.0%), triethylamine (TEA, Aladdin®  >99.0%)
dichlorobis(triphenylphosphine)palladium(ll) (J&K scientific LTD, 98.0%), copper(l) iodide (J&K
scientific LTD, 98.0%), copper(ll) acetate (J&K scientific LTD, >98.0%), iodine (J&K scientific
LTD, >99.8%), 1,4-dioxane (Sinopharm chemical reagent Co., Ltd., >99.5%), tetrahydrofuran (THF,
Sinopharm chemical reagent Co., Ltd., >99.0 %), methanol (Sinopharm chemical reagent Co., Ltd.,
>99.7%), dichloromethane (DCM, Sinopharm chemical reagent Co., Ltd., >99.5%), n-hexane
(Sinopharm chemical reagent Co., Ltd., >97.0%), ethyl acetate (EA, Sinopharm chemical reagent
Co., Ltd., >99.5%), acetone (Sinopharm chemical reagent Co., Ltd., >99.5%), N,N-
Dimethylformamide (DMF, Sinopharm chemical reagent Co., Ltd., >99.5%), HCI 32% (Sinopharm
chemical reagent Co., Ltd.), Na;SO4 (Sinopharm chemical reagent Co., Ltd., >99.0%), acetic acid
(Sinopharm chemical reagent Co., Ltd., >99.5%), NaOH (Sinopharm chemical reagent Co., Ltd.,
>96.0%). The solvents were purified and dried according to the standard techniques: TEA, THF,
methanol, 1,4-dioxane, 1,3,5-trimethylbenzene and pyridine was distilled from CaHo.

S1.2. Characterizations

Nuclear magnetic resonance (NMR) spectroscopy. 'H NMR spectra were measured on a Bruker
Fourier 400 MHz spectrometer. Solid-state NMR spectra were recorded at ambient pressure on a
Bruker Fourier 600 MHz spectrometer using a standard CP pulse sequence probe with 3.2 mm
(outside diameter) zirconia rotors. Unless otherwise stated, all spectra were measured at ambient
temperature. The chemical shift for *H-NMR spectra was reported in parts per million (ppm) and
referenced to characteristic solvent signals of partly deuterated solvents: CDCls at 7.26 ppm and
DMSO-ds at 2.50 ppm. 3C-NMR spectra were reported in ppm relative to characteristic signals of
partly deuterated solvents: the centroid peak of the CDClIs triplet at 77.16 ppm and DMSO-ds at
39.52 ppm. The spin multiplicity and corresponding signal patterns were abbreviated as follows: s
=singlet, d = doublet, t = triplet, g = quartet, quint. = quintet, sext. = sextet, m = multiplet and br =
broad signal. Coupling constants J were noted in Hz.

Fourier transform infrared (FT-IR) spectroscopy. The FTIR spectra (KBr) were obtained using a
SHIMADZU IRAffinity-1 Fourier transform infrared spectrophotometer. A SHIMADZU UV-2450
spectrophotometer was used for all absorbance measurements.

Powder X-ray diffraction (PXRD) analysis. Powder X-ray diffraction (PXRD) patterns were
carried out in reflection mode on a Bruker D8 advance powder diffractometer with Cu Ka (A =
1.5418 A) line focused radiation at 40 kV and 40 mA from 2° = 1.0°up to 40°with 0.020481
increment by Bragg-Brentano. The powdered sample was added to the glass and compacted for
measurement.

Thermogravimetric analysis (TGA). Thermogravimetric analysis (TGA) was recorded on a



SHIMADZU DTG-60 thermal analyzer under N2. The operational range of the instrument was from
30 T to 800 T at a heating rate of 10 T min~* with N, flow rate of 30 mL min™?.

Nitrogen isotherm measurements. Nitrogen sorption experiments were performed at 77 K up to 1
bar using a nanometric sorption analyzer The adsorption-desorption isotherms of N2 were obtained
at 77 K using a BELSORP MAX gas sorption analyzer. Before sorption analysis, the sample was
evacuated at 100 °C for 12 h using a turbomolecular vacuum pump. Specific surface areas were
calculated from nitrogen adsorption data by multipoint BET analysis. Nonlocal density functional
theory (QS-DFT) was applied to analyze the N isotherm based on the model of No@77 K on carbon
with cylindrical pores.

Elemental analysis. The elemental analysis was performed on an Elementar Analysensysteme
GmbH Vario EL cube elemental analyzer.

Scanning electron microscopy (SEM). Scanning electron microscopy (SEM) was performed on a
Zeiss Gemini SEM 300 microscope instrument. Samples were prepared by dispersing the material
onto conductive adhesive tapes attached to a flat aluminum sample holder and then coated with gold.

Energy dispersive spectroscopy (EDS). EDS analysis were performed on a Zeiss Gemini SEM 300
microscope instrument.

Transmission electron microscope (TEM). High resolution transmission electron microscope (HR-
TEM) analysis was collected on a JEOL JEM-2100 microscope instrument at 200 kV. synthesized
sample was dispersed into ethyl alcohol to obtain a highly dispersed suspension. Then, one droplet
was transferred onto a carbon film supported TEM grid.



Section S2. Synthetic Procedures

Synthesis of 4,4'-(ethyne-1,2-diyl)dibenzaldehyde (EDDA).

Pd(PPh3)2CI2, Cul
OHC‘@—: + |—©—CHO > OHC O = O CHO
Et,N, THF

Under a nitrogen atmosphere, 4-iodobenzaldehyde (846 mg, 3.65 mmol, 1.00 eq.), 4-
ethynylbenzaldehyde (475 mg, 3.65 mmol, 1.00 eq.), Pd(PPh3).Cl, (128 mg, 183 umol, 0.05 eq.)
and Cul (35.0 mg, 183 pmol, 0.05 eq.) were dissolved in 50 mL of anhydrous THF. The mixture
was purged for 5 minutes with an argon balloon and then was set under an argon funnel.

Subsequently, Dry TEA (7.3 mL, 5.29 g, 52.3 mmol, 14.0 eq.) was added with a syringe, turning the
solution to dark brown. After stirring for 16 h at room temperature, all volatiles were removed under
reduced pressure. Purification via column chromatography using DCM/n-hexane [5:1] as eluent
yielded the product as white crystals (556 mg, 2.37 mmol) in a yield of 65%. 'H-NMR was in
accordance with literature.!

TH-NMR (400 MHz, CDCl): du [ppm] = 10.04 (s, 2H), 7.90 (d, J = 7.6 Hz, 4H), 7.71 (d, J = 8.0
Hz, 4H);
13C NMR (101 MHz, CDCls): d¢c [ppm] = 191.5, 136.0, 132.4, 129.7, 128.8, 92.2.
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Fig. S1 The *H NMR spectra of 4,4'-(ethyne-1,2-diyl)dibenzaldehyde in CDCls.



Synthesis of 4,4'-(buta-1,3-diyne-1,4-diyl)dibenzaldehyde (BDDA).

— Cu(OAc), o
oro—~ = - i == )cro

MeOH / Pyridine (1:1)
20°C, 24 h

Cu(OAc): (2.7 g, 15.0 mmol, 2.50 eq.) was added to a solution of 4-ethynylbenzaldehyde (781 mg,
6.0 mmol) in pyridine/MeOH 1:1 (v/v; 60 ml). After the solution was stirred at 20 °C for 24 h, all
volatiles were removed under reduced pressure, purification via column chromatography using
EA/n-hexane [1:4] as eluent yielded the product as pale-yellow powder (450 mg, 1.74 mmol) in a
yield of 58%. "H-NMR was in accordance with literature.?

TH-NMR (400 MHz, CDCls): du [ppm] = 10.04 (s, 2H), 7.88 (d, J = 8.0 Hz, 4H), 7.69 (d, J = 8.0
Hz, 4H);
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Fig. S2 The 'H NMR spectra of 4,4'-(buta-1,3-diyne-1,4-diyl)dibenzaldehyde in CDCls.



Preparation of CPOF-2.
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A Pyrex tube measuring o.d. x i.d. = 10 x 8 mm? was charged with tetra(4-aminophenyl)methane
(TAPM, 19.0 mg, 0.05 mmol), 4,4'-(ethyne-1,2-diyl)dibenzaldehyde (EDDA, 23.4 mg, 0.10 mmol)
in a mixed solution of 1,4-dioxane (0.4 mL), 1,3,5-trimethylbenzene (0.6 mL) and 6.0 M acetic acid
(0.1 mL). The Pyrex tube was flash frozen in a liquid nitrogen bath sealed under vacuum. Upon
warming to room temperature, the tube was placed in an oven at 120 °C for three days. The brown
solid was isolated by filtration and washed with THF (3 x 15 mL), acetone (3 x 15 mL) and n-
hexane (3 x 15 mL). The powder was dried at 80 °C under vacuum overnight to afford the CPOF-2
as a brown crystalline solid (32.3 mg, Yield: 78%). Anal. Cald for (Cs7H36Na4)n: C 88.15%; H 4.64%;
N 7.21%. Found: C 86.46%; H 4.55%; N 7.11%.

Preparation of CPOF-3.
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A Pyrex tube measuring o.d. x i.d. = 10 x 8 mm? was charged with tetra(4-aminophenyl)methane
(TAPM, 19.0 mg, 0.05 mmol), 4,4'-(buta-1,3-diyne-1,4-diyl)dibenzaldehyde (BDDA, 25.8 mg, 0.10
mmol) in a mixed solution of 1,4-dioxane (0.4 mL), 1,3,5-trimethylbenzene (0.6 mL) and 6.0 M
acetic acid (0.1 mL). The Pyrex tube was flash frozen in a liquid nitrogen bath sealed under vacuum.
Upon warming to room temperature, the tube was placed in an oven at 120 °C for three days. The
brown solid was isolated by filtration and washed with THF (3 % 15 mL), acetone (3 X 15 mL) and
n-hexane (3 % 15 mL). The powder was dried at 80 °C under vacuum overnight to afford the CPOF-
3 as a brown crystalline solid (36.5 mg, Yield: 83%). Anal. Cald for (C¢1H36N4)n: C 88.85%; H
4.36%; N 6.79%. Found: C 87.34%; H 4.31%; N 6.38%.



Section S3. Fourier-transform infrared spectroscopy
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Fig. S3 FT-IR spectra of EDDA (blue), TAPM (red), CPOF-2 (black).
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Fig. S4 FT-IR spectra of BDDA (blue), TAPM (red), CPOF-3 (black).
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Fig. S5 Time-dependent FT-IR spectra of the 1,@CPOF-2 sample.
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Fig. S6 Comparison of FT-IR spectra of the CPOF-2 upon five cycle use in vapor adsorption of
iodine (black: pristine COFs; red: after five cycles).
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Fig. S7 Time-dependent FT-IR spectra of the 1, @CPOF-3 sample.
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Fig. S8 Comparison of FT-IR spectra of the CPOF-3 upon five cycle use in vapor adsorption of
iodine (black: pristine COFs; red: after five cycles).



Section S4. EDS analysis

Fig. S10 EDS elemental content analysis from SEM-related EDS in CPOF-3.



Section S5. Solid-state 1*C NMR spectra
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Fig. S11 Solid-state **C NMR of CPOF-2.
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Fig. S12 Solid-state **C NMR of CPOF-3.



Section S6. TGA curves
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Fig. S13 TGA curve of CPOF-2 at the heating rate of 10 T min* to 800 <C under the N, atmosphere
with an N2 flow rate of 20 mL min™*.
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Fig. S14 TGA curve of CPOF-3 at the heating rate of 10 T min~* to 900 <C under the N, atmosphere
with an N2 flow rate of 20 mL min™*.



Section S7. SEM image

",

Fig. S15 SEM image of as-synthesized CPOF-2.

Fig. S16 SEM image of as-synthesized CPOF-3.



Section S8. TEM image

Fig. S17 TEM image of as-synthesized CPOF-2.

Fig. S18 TEM image of as-synthesized CPOF-3.



Section S9. PXRD patterns and structures

Crystal models for 3D-COFs were established by Materials Studio 7.0 Software Package.
Geometry optimization of the established models was performed by Materials Studio Forcite
Module, which is an advanced classical molecular mechanics tool and allows for fast and reliable
geometry optimization and energy calculations. Optimized cell parameters were obtained at the
same time. Possible structures with different degrees of interpenetration were tested in comparison
with the experimental Powder X-ray diffraction (PXRD) data. Pawley refinement was carried out
using Reflex, a software package for crystal determination from PXRD pattern. The Pawley
refinement was performed to optimize the lattice parameters iteratively until the Rwp and Rp value
converges and the overlay of the observed with refined profiles shows good agreement.

Fig. S19 Space-filling models of CPOF-2 with nine-interpenetrated dia net. Carbon, gray;
Nitrogen, blue; Hydrogen, white.
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Fig. S20 Simulated PXRD patterns for possible isomers of CPOF-2 with different interpenetration
degrees from 8 to 11 (8-fold, red; 9-fold, blue; 10-fold, purple; 11-fold, dark yellow) It can be seen
that only the simulated PXRD pattern with 9-fold interpenetrated structure matches with the
experimental data well.



Fig. S21 Space-filling models of CPOF-3 with eleven-interpenetrated dia net. Carbon, gray;
Nitrogen, blue; Hydrogen, white.
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Fig. S22 Simulated PXRD patterns for possible isomers of CPOF-3 with different interpenetration
degrees from 11 to 13 (11-fold, red; 12-fold, blue; 13-fold, purple) It can be seen that only the
simulated PXRD pattern with 11-fold interpenetrated structure matches with the experimental data
well.
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Fig. S23 PXRD pattern of CPOF-2 immersed with acetone (black) and activated CPOF-2 (red).
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Fig. S24 PXRD pattern of CPOF-3 immersed with acetone (black) and activated CPOF-2 (red).
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Fig. S25 Comparison of PXRD patterns of the CPOF-2 upon five cycle use in vapor adsorption of
iodine (black: pristine COFs; red: after five cycles)
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Fig. S26 Comparison of PXRD patterns of the CPOF-3 upon five cycle use in vapor adsorption of
iodine (black: pristine COFs; red: after five cycles)



Section S10. Nitrogen adsorption
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Fig. S27 BET plots of CPOF-2 calculated from N2 adsorption isotherm at 77 K.
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Fig. S28 BET plots of CPOF-3 calculated from N, adsorption isotherm at 77 K.



Section S11. Chemical stability tests

Both samples were dispersed in various solutions, such as tetrahydrofuran (THF), N N-
Dimethylformamide (DMF), aqueous HCI1 (0.1 M) and NaOH (0.1 M) solutions at room temperature
for 24 hours. After that, the samples were thoroughly washed with acetone and then soaked in
acetone for PXRD characterization. The results showed that the samples treated with different
solvents still exhibited intense PXRD patterns without obvious change in the peak position and
intensity, indicating that these COFs still maintained high crystallinity under harsh conditions.
Meanwhile, the peak intensity of COFs is weakened due to the hydrolysis of the imine bonds under
acidic conditions, which is a problem faced by most Schiff base COFs.
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Fig. S29 PXRD patterns of CPOF-2 after the treatment in different organic solvents for 24 h.
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Fig. S30 PXRD patterns of CPOF-3 after the treatment in different organic solvents for 24 h.



Section S12. lodine uptake experiments

Vapor-phase iodine uptake measurements were performed by simulating the typical nuclear waste
processing.? In a typical experiment, about 30 mg of the sample was weighed into a brown vial, and
then the vial was loaded into a larger brown vessel containing iodine powder. Afterward, the vessel
was sealed and heated at 75 <C in a convection oven. At particular time intervals, the brown vial
was removed, cooled to room temperature, and weighed. The uptake capacity was calculated by
subtracting the initial mass and dividing the result by the initial mass: (m, — m,)/m,. The samples
were recycled by washing with ethanol and reused for further iodine uptake experiments.

b)

%
Y

Fig. S31 The images of the COFs samples before (a: CPOF-2, ¢: CPOF-3) and after (b: 1@ CPOF-
2, d: I,@CPOF-3) the vapor phase iodine uptake.
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Fig. S32 lodine retention of the iodine-captured CPOF-2 upon exposure to air at 298 K and ambient
pressure.
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Fig. S33 Recycle performance towards iodine uptake of CPOF-2.



Table S1. The comparison of iodine uptake performances of CPOF-2 and CPOF-3 samples with
previously reported adsorbents.

Adsorbent Seer (M?g1) | Temperature (K) | Uptake (g ) | References
iCOF-AB-50 1390 348 10.21 [4]
COF-TAPT 2348 348 8.61 [5]

Juc-561 2358 348 8.19 [6]
COF-TAPB 2290 348 7.94 [5]
TFB-DB COF 734 348 6.40 [7]
QTD-COF-V - 348 6.29 [8]
TPB-DMTP 1927 348 6.26 [9]
SCU-COF-2 413 348 6.00 [10]
CPOF-3 640 348 5.87 This work
Tfp-DB 158 348 5.82 [11]
TINU-201 2510 350 5.63 [12]
TFPB-PYTTA-COF 1897 350 5.62 [13]
TPT-BD 109 348 5.43 [14]
Tfp-BD 138 348 5.42 [11]
CPOF-2 580 348 5.40 This work
COF-LZU1 858 350 5.30 [15]
TAPA-PDA COF 685 350 5.09 [16]
TFB-TD COF 221 348 4.97 [7]
TTA-TTB 1733 348 4.95 [9]
CSU-CPOPs-1 1032 348 4,94 [17]
TTPPA 512 350 4,90 [18]
SIOC-COF-7 618 348 4.81 [19]
ETTA-TPA 1822 348 4,79 [9]

PCMP-Y5 1212 358 4,75 [20]
COF-DL229 1749 348 4.70 [21]
QTD-COF-V - 348 4.67 [22]

H-C-CTPs 640 348 4.60 [23]

COF-PA 1471 350 4.47 [24]
TTPB 222 350 4.43 [25]

CMP-LS5 1185 343 4.40 [26]

COF-320 2400 348 4.00 [27]
Meso-COF-3 982 348 4.00 [27]

FcTz-POP 410 348 3.96 [28]

OMC3 80 350 3.78 [29]
POP-2 41 353 3.76 [30]
KOH-AC 1973 350 3.76 [31]
COF-300 1360 348 3.50 [27]
HCMP-3 50 358 3.36 [32]
P-TzTz 137 350 3.26 [33]




TALPOP 401 353 3.14 [34]
Azo-PPN 400 350 2.90 [35]
BTT-TAPT-COF 864 348 2.76 [36]
PAF-24 321 348 2.76 [37]
PAF-23 273 348 2.71 [37]
COF-TpgDB 1163 348 2.60 [38]
PAF-25 403 348 2.60 [37]
Cg-5C 360 298 2.39 [39]
Azo-Trip 501 350 2.38 [40]
Uassis-PC800 3053 350 2.25 [41]
MALP-1 1179 350 2.09 [42]
CMPN-3 1368 343 2.08 [43]
NiP-CMP 2630 350 2.02 [44]
PAF-1 5600 333 1.86 [45]
HKUST-1 1850 348 1.75 [46]
MFM-300 (Sc) 1250 353 1.54 [47]
Pha-H:OP-1 217 353 131 [48]
ZIF-8 1630 348 1.25 [49]
MFM-300 (In) 1050 353 1.16 [47]
Ag-MOR - 368 0.28 [50]




Section S13. Kinetic studies of iodine adsorption

The pseudo-first-order and pseudo-second-order kinetic models were used to study the adsorption
kinetics of iodine solution according to equation (1) and equation (2), respectively.

Qe = Qe(1 — exp (=k11)) equation (1)
Qe = (kQ21)/(1 + k2Qe 1) equation (2)

where Qe (g g%) and Q: (g g2) are the adsorption capacity at equilibrium and time t (h), respectively.
ki (h™) and kz (h™1) are the rate constant of pseudo-first-order and pseudo-second-order adsorption,
respectively.
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Fig. S34 The fitting curves for (a) pseudo-first-order and (b) pseudo-second-order kinetic model for
the volatile iodine adsorption onto CPOF-2.
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Fig. S35 The fitting curves for (a) Pseudo-first-order and (b) pseudo-second-order kinetic model for
the volatile iodine adsorption onto CPOF-3.



Section S14. Electrical conductivity measurements

Electrochemistry experiments were conducted on a CHI660C Electrochemical Workstation
(Shanghai ChenHua Electrochemical Instrument). Two pieces of gold with wires are attached to
both sides of the sample. AC impedance was measured from 100 to 10 Hz with initial voltage of
0.0V, and amplitude of 200 mV and quiet time of 1 s. COFs and [,@COFs was pressed into a pellet,
diameter = 0.5 cm, thickness = 0.5 cm. The conductivity of the pellet was determined by the

following formula:

where w is the width of the pellet in cm, A the area in cm? and R. the resistance at the electrolyte,

which corresponds to the real component (Z') of the impedance at high frequencies.
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Fig. S36 Nyquist plot (frequency ranges from 10° to 1 Hz) of CPOF-3.
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Fig. S37 Nyquist plot (frequency ranges from 106 to 1 Hz) of I,@CPOF-3.



Table S2. Unit cell parameters and fractional atomic coordinates for CPOF-2 calculated based on

the 9-fold interpenetrated dia net.

Space group 14:/a (No. 88)
. a=b=405302A ¢c=71003A a=p=y=
Unit cell
90°
Pawley refinement Rp =2.07%, Rwp = 3.44%
Atoms X y z

C 0.52540 0.46594 0.26628
C 0.52624 0.43897 0.38864
C 0.50149 0.41514 0.38396
C 0.47499 0.41911 0.25899
C 0.4738 0.44624 0.13769
C 0.49973 0.46961 0.13316
C 0.48833 0.36013 0.49798
N 0.50300 0.38847 0.51639
C 0.50672 0.34158 0.81863
C 0.50909 0.31719 0.95733
C 0.49573 0.28586 0.92519
C 0.47970 0.27905 0.75503
C 0.47742 0.30336 0.61588
C 0.49099 0.33479 0.64629
C 0.49872 0.26060 1.06608
H 0.54513 0.48396 0.27299
H 0.54634 0.43631 0.48743
H 0.45448 0.40207 0.25986
H 0.45198 0.44887 0.05183
H 0.47461 0.35427 0.37140
H 0.51714 0.36575 0.84536
H 0.52139 0.32268 1.08924
H 0.46921 0.25485 0.72968
H 0.46520 0.29759 0.48418
C 0.50000 0.50000 0.00000




Table S3. Unit cell parameters and fractional atomic coordinates for CPOF-3 calculated based on

the 11-fold interpenetrated dia net.

Space group 14:/a (No. 88)
. a=b=436198A c=65346 A a=p=y=
Unit cell
90°
Pawley refinement Rp = 1.61%, Rwp = 2.84%
Atoms X y z

C 0.47458 0.04916 0.90289
C 0.47628 0.07558 1.02300
C 0.50209 0.08108 1.14500
C 0.52584 0.05981 1.14664
C 0.52430 0.03337 1.02691
C 0.49937 0.02826 0.89380
C 0.48784 0.13130 1.27601
N 0.50360 0.10611 1.28604
C 0.47592 0.18281 1.41825
C 0.47798 0.20467 1.57404
C 0.49435 0.19804 1.75274
C 0.50860 0.16956 1.77644
C 0.50664 0.14773 1.62086
C 0.49036 0.15425 1.44011
C 0.49874 0.23911 2.04638
C 0.49664 0.22044 1.91209
H 0.45336 0.04514 0.82233
H 0.45671 0.09075 1.02771
H 0.54559 0.06405 1.24194
H 0.54323 0.01733 1.03057
H 0.47293 0.13597 1.14721
H 0.46319 0.18819 1.28053
H 0.46689 0.22673 1.55546
H 0.52121 0.16430 1.91503
H 0.51766 0.12569 1.64165
C 0.50000 0.00000 0.75000
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