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1. Materials and Characterization

Tri(4-aminophenyl)amine (TAPA, 98%), 2,5-dihydroxyterephthalaldehyde (Dha, 

97%) were procured from Shanghai Haohong Biomedical Technology Co., Ltd. 

(China). 1,3,5-Benzenetricarboxaldehyde (BT, 97%), p-phthalaldehyde (PDA, 98%) 

were purchased from Shanghai Bide Pharmaceutical Technology Co., Ltd. (China). All 

solvents were purchased in analytical purity from Energy-Chemical, or Macklin 

Biochemical Co., Ltd. (Shanghai). All chemicals were used as received without any 

further purification.

Fourier-transformed infrared spectroscopy (FT-IR) were acquired on a SHIMADZU 

IRTracer-100 spectrometer in the range of 4,000 to 400 cm-1. The powder X-ray 

diffraction (PXRD) patterns were collected using a Rigaku SmartLab SE diffractometer 

from 2.5° to 40°. The morphology and element mapping were recorded using scanning 

electron microscope combined with an energy dispersive spectrometer (SEM-EDS, 

EVO18) at an accelerating voltage of 10 kV. UV-vis absorption studies were performed 

on a Shimadzu UV 2700 UV/vis spectrophotometer in an optical quartz cuvette (10 mm 

path length) over the entire range of 600-250 nm. The XPS spectra were obtained with 

a Thermo Scientific Nexsa G2, and the surface charging effect was calibrated using the 

C 1s peak at 284.8 eV. The zeta potential was detected by Zetasizer Nano ZSE. The 

Raman spectra were obtained using a HORIBA Instroments Incorporated iHR550 

Raman spectrometer with a 532 nm laser.



2. Synthesis

2.1 Preparation of COF-BT

COF-BT was synthesized by using a solvothermal method. Initially, TAPA (50.22 

mg, 0.4 mmol) and BT (67.01 mg, 0.4 mmol) were added in a 10 mL round-bottomed 

flask with 2 mL of a 1,2-dichlorobenzene/1-butanol solution (1:1 v/v), then 0.2 mL of 

acetic acid (6 M) was added. Subsequently, after sonicated for 5 min to be dispersed 

homogeneously, the tube was flash-frozen at 77 K using a liquid N2 bath and degassed 

by three freeze-pump-thaw cycles, sealed under vacuum, and last heated at 120 °C for 

3 days. The precipitate was collected by centrifugation and washed with DMF and THF. 

The collected sample was solvent-exchanged with acetone 2-3 times and dried at 120 

°C under vacuum for 12 h. The resulting yellow powder was designated as COF-BT.

2.2 Preparation of COF-TP

COF-TP was synthesized by using a solvothermal method as Ahmed et.al..[1] Firstly, 



TAPA (50.22 mg, 0.4 mmol) and TP (67.01 mg, 0.4 mmol) were added in a 10 mL 

round-bottomed flask with 5 mL of a 1,2-dichlorobenzene/1-butanol solution (1:1 v/v), 

then 0.5 mL of acetic acid (6 M) was added. After sonicated for 5 min to be dispersed 

homogeneously, the tube was flash-frozen at 77 K using a liquid N2 bath and degassed 

by three freeze-pump-thaw cycles, sealed under vacuum, and last heated at 120 °C for 

3 days. The precipitate was collected by centrifugation and washed with DMF and THF. 

The collected sample was solvent-exchanged with acetone 2-3 times and dried at 120 

°C under vacuum for 12 h. The resulting red-brown powder was designated as COF-

BT.

2.3 Preparation of COF-Dha

The preparation of COF-Dha is the same as Huang et al..[2] A 10 mL Pyrex tube was 

charged with TAPA (6 mg, 0.02 mmol), Dha (5 mg, 0.03 mmol) and anisole/1-butanol 

(9:1 v/v, 1 mL). The mixture was sonicated for 5 min to be dispersed homogeneously. 

Next, 0.2 mL of acetic acid (6 M) was added. Subsequently, the tube was flash-frozen 

at 77 K using a liquid N2 bath and degassed by three freeze-pump-thaw cycles, sealed 

under vacuum, and then heated at 120 °C for 3 days. The precipitate was collected by 

centrifugation and washed with tetrahydrofuran. The collected sample was solvent-



exchanged with acetone 2-3 times and dried at 120 °C under vacuum for 12 h, and 

finally red powder was obtained.

2.4 Preparation of COF-PDA

COF-PDA was synthesized by following a previously reported procedure.[3] TAPA 

(46.5 mg, 0.16 mmol) and PDA (32.16 mg, 0.24 mmol) were combined in a 10 mL 

Pyrex tube with a 1,2-dichlorobenzene/1-butanol solution (1:1 v/v, 2 mL), and the 

resulting suspension was sonicated at room temperature until the monomers were fully 

dissolved. Next, 0.2 mL of acetic acid (6 M) was added and sonicated for 5 min to be 

dispersed homogeneously. Subsequently, the tube was flash-frozen at 77 K using a 

liquid N2 bath and degassed by three freeze-pump-thaw cycles, sealed under vacuum, 

and then heated at 120 °C for 3 days. The precipitate was collected by centrifugation 

and washed with DMF. The collected sample was solvent-exchanged with acetone 2-3 

times and dried at 120 °C under vacuum for 12 h, and finally red powder was obtained.



3 Experimental sections

3.1 Gas-phase iodine adsorption experiment

Typically, ~15 mg of COFs sample were weighted in a small glass vial, and this vial 

was exposed to I2 (20 mg) or CH3I (~3 mL) at 75 °C (348 K) in a closed system 

respectively. After the corresponding adsorption time, the glass vial was taken out, 

cooled to room temperature and weighed. The uptake capacity of the sample was 

calculated by the weight difference of glass vials before and after adsorption, using the 

equation (1).

   (1)
𝑊=

𝑚2 ‒ 𝑚1

𝑚1
× 100%

Where, W (g g-1) is the adsorption capacity of organic polyiodide uptake, m1 (g) and 

m2 (g) are the mass of COFs before and after being exposed to I2 or CH3I vapor. The 

values of uptake capacity are the average values of at least three experiments.

3.2 I2 (cyclohexane) adsorption experiment

Adsorption kinetics study: Preparing a 5 mL iodine-cyclohexane of I2 (100 ppm,) in 

a 5 mL glass bottle, followed by the addition of 5 mg adsorbent (dosage = 1 g/L), and 

stirred at room temperature for 24 h to ensure equilibrium adsorption. The change of 

the absorbance of supernatant at 523 nm was recorded by UV-vis spectroscopy at a 

certain time interval. The kinetics data of I2 (cyclohexane) adsorption were fitted by 

pseudo-first order model expressed as equation (2) and pseudo-second order model 

expressed as equation (3).

   (2)ln（𝑞𝑒 ‒ 𝑞𝑡）= 𝑙𝑛𝑞𝑒 ‒ 𝑘1𝑡



   (3)

𝑡
𝑞𝑒
=

1

𝑘2𝑞
2
𝑒

+
𝑡
𝑞𝑒

Where k1 (min−1) and k2 (g g−1 min−1) stand for the corresponding rate constants, qe 

and qt (g/g) are the adsorption capacity at equilibrium and time t (min), respectively.

For adsorption isotherms study, 5 mg adsorbent was added into 5 mL I2-cyclohexane 

solutions with a series of concentration gradients of 200 ppm to 1600 ppm, stirred at 

room temperature for 48 h until adsorption equilibrium, then filtered by 0.22 μm 

membrane filter, and recorded the absorbance value of I2 with UV-vis spectroscopy. 

The Langmuir adsorption isotherm (4) and Freundlich adsorption isotherm (5) were 

used for fitting.

   (4)

𝐶𝑒
𝑞𝑒
=

1
𝑞𝑚𝐾𝐿

+
𝐶𝑒
𝑞𝑚

   (5)
𝑙𝑛𝑞𝑒= ln𝐾𝐹+

1
𝑛
𝑙𝑛𝐶𝑒

Where Ce (mg/L) is the equilibrium concentration of I2 (cyclohexane), qm (g/g) is the 

maximum adsorption capacity, KL and KF are the Langmuir constant and the Freundlich 

constant, respectively. n is a constant related to sorption intensity.

3.3 I2 (aqueous) adsorption experiment

To investigate the kinetics of I2 (aqueous) adsorption by the adsorbent, several sealed 

vials were prepared, each containing 5 mL of 100 mg/L iodine solution and 0.5 mg of 

adsorbent (dosage = 0.1 g/L). The vials were stirred at room temperature for 24 h to 

ensure equilibrium adsorption, and samples were taken at different time intervals using 

a saturated filter head. The iodine adsorption amount was measured using a UV-Vis 

spectrophotometer from 600-250 nm.



3.4 Polyiodide adsorption experiment

Adsorption kinetics study: Preparing a 5 mL aqueous solution of polyiodide (50 ppm, 

[KI]/[I2] = 2/1) in a 5 mL glass bottle, followed by the addition of 0.5 mg adsorbent 

(dosage = 0.1 g/L), and stirred at room temperature for 24 h to ensure equilibrium 

adsorption. The change of the absorbance of supernatant at 355 nm was recorded by 

UV-vis spectroscopy at a certain time interval, and the adsorption kinetics were 

calculated and fitted.

For adsorption isotherms study, 0.5 mg adsorbent was added into 5 mL polyiodide 

aqueous solutions with a series of concentration gradients of 70 ppm to 250 ppm, stirred 

at room temperature until adsorption equilibrium, then filtered by 0.22 μm membrane 

filter, and recorded the absorbance value of polyiodide with UV-vis spectroscopy. 

For competitive sub-adsorption experiment, 1 mg adsorbent was added into 5 mL 5 

mM polyiodide and 50 mM different anions aqueous solutions, stirred at room 

temperature 24 h until adsorption equilibrium, then filtered by 0.22 μm membrane filter, 

and recorded the absorbance value of polyiodide with UV-vis spectroscopy.

3.5 IO3
- adsorption experiment

In order to solve the problem that IO3
- has no characteristic peak in the UV spectrum, 

we measured the concentration of IO3
- by introducing KI to convert IO3

- into polyiodide 

under acidic conditions (Formulas 6-7). And the adsorption kinetics experiment and 

adsorption isotherm experiment are similar to I2-cyclohexane adsorption experiment. 

For adsorption kinetics experiment, the initial concentration of IO3
- is 50 mg L-1, and 

the solid-liquid ratio of the adsorbent is 1 g/L. For adsorption isotherm experiment, a 



2000 mg·L-1 IO3
- stock solution was prepared and diluted to concentrations ranging 

from 50 to 600 mg·L-1. In this case, 5 mL of the diluted IO3
- solution was mixed with 

5 mg of adsorbent and shaken for 48 h in dark to ensure equilibrium adsorption. The 

iodine adsorption was then measured at 355 nm, and the corresponding IO3
- adsorption 

isotherm was fitted.

IO3
-+6H++5I- = I2+H2O   (6)

I2+I- = I3
-   (7)

3.6 The recyclability test

For the recyclability experiment, 20 mg COF-Dha was adsorbed five times in 300 

ppm iodate aqueous solution (solid-liquid ratio 1 g/L), 300 ppm I2 aqueous solution 

(solid-liquid ratio 0.2 g/L) and 300 ppm polyiodide aqueous solution (solid-liquid ratio 

0.2 g/L), respectively.

For the recovery of COF-Dha, the adsorbed COF-Dha was reduced to hydroquinone 

by ascorbic acid solution, and then treated with ethanol, saturated NaCl aqueous 

solution and 1M hydrochloric acid in turn. Finally, COF-Dha-R was obtained.



4.Supplementary Figures

Figure S1. FT-IR spectra of TAPA-PDA and precursors.

Figure S2. XRD spectra of COF-PDA.



Figure S3. EDS mapping of COF-BT.

Figure S4. EDS mapping of COF-TP.

Figure S5. EDS mapping of COF-Dha.



Figure S6. BET of COF-Dha, COF-BT and COF-TP

.

Figure S7. I2 vapor adsorption curve of COF-PDA.



Figure S8. Adsorption kinetics of I2 (cyclohexane) by COF-PDA.

Figure S9. Adsorption isotherm for I2 (cyclohexane) on COF-PDA.



Figure S10. Pictures of the process of COF-PDA adsorbing I2 (aqueous). The color 

changed from yellow to transparent and final became blue, which indicate that COF-

PDA experienced the process of adsorption and dissolution of iodine.

Figure S11. Adsorption kinetics of polyiodide (50 ppm) by COF-Dha.



Figure S12. Pictures before and after different iodine species adsorption.

Figure S13. The FT-IR spectrum of COF-Dha and COF-Dha-R.



Figure S14. The recyclability experiment of COF-Dha on iodate.

Figure S15. The UV/Vis spectrum of recyclability experiment of COF-Dha on I2 

aqueous.



Figure S16. The recyclability experiment of COF-Dha on polyiodide solution.

Figure S17. SEM image and EDS mapping of COF-Dha after I2 (aqueous) adsorption.



Figure S18. SEM image and EDS mapping of COF-Dha after IO3
- adsorption.



Figure S19. SEM image and EDS mapping of COF-Dha after polyiodide adsorption.



Figure S20. SEM image and EDS mapping of COF-Dha after I2 (cyclohexane) 

adsorption.



Figure S21. SEM image and EDS mapping of COF-Dha after I2 (vapor) adsorption.



Figure S22. FT-IR spectra of COF-BT before (black) and after I2 (aqueous) adsorption 

(pink), polyiodide adsorption (blue) and I2 (cyclohexane) adsorption (green).

Figure S23. FT-IR spectra of COF-TP before (black) and after I2 (aqueous) adsorption 

(pink), polyiodide adsorption (blue) and I2 (cyclohexane) adsorption (green).



Figure S24. FT-IR spectra of COF-Dha before (black) and after I2 (aqueous) adsorption 

(pink), polyiodide adsorption (blue), I2 (cyclohexane) adsorption (green) and IO3
- 

adsorption (purple).

Figure S25. Time-dependent FT-IR spectra of COF-Dha during IO3
- adsorption. (Initial 

concentration 300 ppm, solid-liquid ratio 1 g/L)



Figure S26. (a) Full survey XPS spectra of COF-Dha after IO3
- adsorption. High-

resolution XPS spectra of I 3d (b) O 1s (c) and N 1s (d) for COF-Dha after IO3
- 

adsorption.



Figure S27. (a) Full survey XPS spectra of COF-Dha after polyiodide adsorption. 

High-resolution XPS spectra of I 3d (b) O 1s (c) and N 1s (d) for COF-Dha after 

polyiodide adsorption.



Figure S28. (a) Full survey XPS spectra of COF-Dha after I2 (cyclohexane) adsorption. 

High-resolution XPS spectra of I 3d (b) O 1s (c) and N 1s (d) for COF-Dha after I2 

(cyclohexane) adsorption.



Figure S29. (a) Full survey XPS spectra of COF-Dha after I2 (vapor) adsorption. High-

resolution XPS spectra of I 3d (b) O 1s (c) and N 1s (d) for COF-Dha after I2 (vapor) 

adsorption.



Figure S30. Raman spectra of COF-Dha@I2 (aqueous) (a), COF-Dha@IO3
- (b), COF-

Dha@I3
- (c), COF-Dha@I2 (cyclohexane) (d) and COF-Dha@I2 (vapor) (e).



Figure S31. The change curve of pH in the adsorption process of saturated iodine water 

on COF-Dha.

Figure S32. Zeta potential of COF-BT, COF-TP and COF-Dha under different pH.



Figure S33. UV/vis spectra of COF-Dha in I2-ethanol adsorption. (Initial 60 ppm, 

Solid-liquid ratio 0.1 g/L).

Figure S34. Contact angle of COF-Dha (a), COF-BT (b) and COF-TP (c).



Figure S35. ESP analysis of COF-Dha.



Table S1. Comparison of I2 (cyclohexane) adsorption performance across different 

adsorbents.

Number. Adsorbents I2 (cyclohexane) 

capacity (g/g)

Refer

1 PHCP-3 0.062 [4]

2 PHCP-1 0.068 [4]

3 PHCP-4 0.116 [4]

4 TTPA-COF 0.129 [5]

5 PHCP-2 0.155 [4]

6 UiO-66 0.17 [6]

7 TAPT-COF 0.175 [7]

8 TAB-COF 0.2 [7]

9 Th-SINAP-7 0.352 [8]

10 COF-TP 0.37 This work

11 IMF-COP-Fe 0.393 [9]

12 Th-SINAP-8 0.473 [8]

13 BTD-PT 0.504 [10]

14 TTA-DMTP-COF 0.516 [11]

15 BTD-PB 0.537 [10]

16 TAC2 0.582 [12]

17 BTD-PA 0.665 [10]

18 MOF-74 0.68 [6]



19 TAC1 0.79 [12]

20 COF-BT 1.09 This work

21 TAC3 1.11 [12]

22 COF-Dha 1.26 This work

23 GOF-LS 1.32 [13]

24 TPATFB-COF 1.6 [14]



Table S2. Comparison of polyiodide adsorption performance on different adsorbents.

Number

.
Adsorbents

polyiodide 

capacity (g/g)
Refer

1 IMF-COP-Fe 0.11 [15]

2 COF-V 0.44 [16]

3 OH-ExR4 0.62 [17]

4 HOF-TAM-BPY 0.67 [18]

5 COF-TP 0.86 This work

6 HOF-TAM-PNA 0.89 [18]

7 iPOP-6 1.02 [19]

8
3D MOF 

{[Mn2(oxdz)2(tpbn)(H2O)2]·2C2H5OH}n

1.1 [20]

9 HOF-TAM-BDA 1.12 [18]

10 COF-BT 1.43 This work

11 COF-TMPT 1.55 [21]

12 C[4]P-DPP 1.58 [22]

13 iCON-4 1.63 [23]

14 ICOF-TG-DCA 2.21 [24]

15 pCAGE-2 2.24 [25]

16 COF-Dha 2.29 This work

17 C[4]P-BT 2.32 [22]

18 C[4]P-BP 2.37 [22]



19 COF-TCO 2.48 [26]

20 C[4]P-TTP 2.51 [22]

21 C[4]P-TPE 2.99 [22]

22 C[4]P-BTP 3.24 [22]

23 pCAGE-1 3.35 [25]

24 TPATFB-COF 3.9 [14]

25 IPcomp-7 5.16 [27]



Table S3. Kinetics parameters for I2 vapor adsorption of COFs.

Sample Pseudo-first-order Pseudo-second-order

K1(min-1) 0.39 K2 (g (g/ min)-1) 0.08

qe (g·g-1) 4.60 qe (g·g-1) 5.39COF-BT

R2 0.9984 R2 0.9993

K1(min-1) 0.71 K2 (g (g/ min)-1) 0. 34

qe (g·g-1) 2.36 qe (g·g-1) 2.56COF-TP

R2 0.9974 R2 0.9979

K1(min-1) 0.22 K2 (g (g/ min)-1) 0.04

qe (g·g-1) 4.73 qe (g·g-1) 5.33COF-Dha

R2 0.9984 R2 0.9998

K1(min-1) 0.35 K2 (g (g/ min)-1) 0.11

qe (g·g-1) 4.92 qe (g·g-1) 5.36COF-PDA

R2 0.9996 R2 0.9998



Table S4. Kinetics parameters for I2-cyclohexane adsorption of COFs.

Sample Pseudo-first-order Pseudo-second-order

K1(min-1) 0.26 K2 (mg (g/ min)-1) 109

qe (mg·g-1) 94 qe (mg·g-1) 96COF-BT

R2 0.9995 R2 0.9999

K1(min-1) 0.02 K2 (mg (g/ min)-1) 3

qe (mg·g-1) 97 qe (mg·g-1) 106COF-TP

R2 0.9959 R2 0.9974

K1(min-1) 0.14 K2 (mg (g/ min)-1) 32

qe (mg·g-1) 98 qe (mg·g-1) 102COF-Dha

R2 0.9998 R2 1.0000

K1(min-1) 0.21 K2 (mg (g/ min)-1) 96

qe (g·g-1) 94 qe (g·g-1) 96COF-PDA

R2 0.9920 R2 0.9984



Table S5. Parameters fitted for I2-cyclohexane adsorption of COFs according to the 

Langmuir and Freundlich adsorption isotherms equations.

Sample
Models Parm

COF-BT COF-TP COF-Dha COF-PDA

Qmax (g·g-1) 1.09 0.37 1.26 1.10

KL (L/g) 0.02 1.44 0.02 0.01Langmuir

R2 0.98 0.97 0.97 0.98

n 0.18 0.23 0.14 0.41

KF ((g·g-

1)*(L1/n·g-1/n))

0.29 0.13 0.36 0.09
Freundlich

R2 0.92 0.94 0.94 0.89



Table S6. Kinetics parameters for polyiodide adsorption of COFs.

Sample Pseudo-first-order Pseudo-second-order

K1(min-1) 0.40 K2 (g (g/ min)-1) 0.01

qe (g·g-1) 0.91 qe (g·g-1) 0.95COF-BT

R2 0.9854 R2 0.9946

K1(min-1) 0.15 K2 (g (g/ min)-1) 0.27

qe (g·g-1) 0.97 qe (g·g-1) 0.99COF-TP

R2 0.9820 R2 0.9917

K1(min-1) 0.21 K2 (g (g/ min)-1) 0.01

qe (g·g-1) 0.99 qe (g·g-1) 1.05COF-Dha (50 ppm)

R2 0.9987 R2 0.9958

K1(min-1) 0.04 K2 (g (g/ min)-1) 0.01

qe (g·g-1) 0.96 qe (g·g-1) 0.99COF-Dha (100 ppm)

R2 0.9976 R2 0.9978



Table S7. Parameters fitted for polyiodide adsorption of COFs according to the 

Langmuir and Freundlich adsorption isotherms equations.

Sample
Models Parm

COF-BT COF-TP COF-Dha

Qmax (g·g-1) 1.43 0.86 2.29

KL (L/g) 0.53 0.64 1.72Langmuir

R2 0.93 0.99 0.93

n 0.14 0.12 1.87

KF ((g·g-1)*(L1/n·g-1/n)) 0.83 0.55 0.06Freundlich

R2 0.86 0.95 0.86

Table S8. Kinetics parameters for IO3
- adsorption of COF-Dha.

Pseudo-first-order Pseudo-second-order

K1(min-1) 0.01 K2 (g (g/ min)-1) 0.03

qe (g·g-1) 0.25 qe (g·g-1) 0.29

R2 0.9997 R2 0.9999

Table S9. Parameters fitted for IO3
- adsorption of COF-Dha according to the Langmuir 

and Freundlich adsorption isotherms equations.

Langmuir Freundlich

Qmax (mg·g-1) 467.18 n 295.00

KL (L/g) 3.47 KF ((mg·g-1)*(L1/n·g-

1/n))

0.11

R2 0.91 R2 0.83
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