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1. Materials characterization:
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The surface morphology of the materials was observed using a TESCAN MIRA LMS scanning 

electron microscope (SEM). Fourier transform infrared (FT-IR) spectra were recorded using a 

SHIMADZU-IRT Racer-100 spectrometer with potassium bromide (KBr) as the background and solid 

dispersant. The crystalline structure was analyzed by X-ray diffraction (XRD) on a Rigaku Smart Lab 

diffractometer in the 2θ range of 5 to 40° using Cu Kα radiation. X-ray photoelectron spectroscopy 

(XPS) measurements were performed on a Thermo Fisher Nexsa instrument. Thermogravimetric 

analysis (TGA) was conducted on a HITACHI STA200 instrument under a nitrogen atmosphere, with 

a temperature range of 25 to 800°C and a heating rate of 10°C·min-1. Water contact angle (WCA) 

measurements were made using a Kruss DSA25 contact angle goniometer. Absorption spectra were 

recorded with a Shimadzu UV-2700 UV-Vis spectrophotometer.

2. Additional synthetic and experimental methods 

2.1 Synthesis of BDP-HCCP：

To synthesize BDP-HCCP, BDP (0.552 g, 3 mmol) and HCCP (0.347 g, 1 mmol) were added to 

a pressure-resistant, thick-walled vial containing 1.5 mL of triethylamine in 20 mL 1,4-dioxane. The 

solution was sonicated for 30 min to ensure uniform dispersion of the solute, followed by nitrogen 

purging for 10 min. The resulting mixture was heated at 100°C in an oil bath for 72 h with continuous 

stirring at 500 rpm. After filtering the solvent, the solid product was washed sequentially with water, 

1,4-dioxane, THF and ethanol. The final product was vacuum-dried overnight at 60°C, yielding a green 

powder.

2.2 Synthesis of BDD-HCCP

To synthesize BDD-HCCP, and HCCP (0.347 g, 1 mmol) were added to a pressure-resistant, 

thick-walled vial containing 1.5 mL of triethylamine in 20 mL 1,4-dioxane. The solution was sonicated 
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for 20 min to ensure uniform dispersion of the solute, followed by nitrogen purging for 10 min. The 

resulting mixture was heated at 100°C in an oil bath for 72 h with continuous stirring at 500 rpm. After 

filtering the solvent, the solid product was washed sequentially with water, 1,4-dioxane, THF and 

ethanol. The final product was vacuum-dried overnight at 60°C, yielding a yellow powder.

2.3 Synthesis of TAPA-HCCP

To synthesize TAPA-HCCP, TAPA (0.174 g,0.6 mmol), and HCCP (0.208 g, 0.6 mmol) were 

added to a pressure-resistant, thick-walled vial containing 1.35 mL of triethylamine in N,N-

Dimethylformamide (DMF). The solution was sonicated for 20 min to achieve uniform solute 

dispersion, followed by nitrogen purging for 10 min. The resulting mixture was then heated at 100°C 

in an oil bath for 72 h with continuous stirring at 500 rpm. After filtering the solvent, the obtained solid 

was washed sequentially with water, dioxane, and ethanol. Finally, the product was vacuum-dried 

overnight at 60°C, yielding a yellow powder.

2.4 Gas-phase iodine adsorption experiment

Iodine Vapor: In this experiment, the adsorption capacity of iodide vapor was primarily tested 

using a gravimetric method. First, 10 mg of adsorbent and a specific amount of iodine pellets were 

placed in a small weighing vial. The vial was then placed in a sealed container and heated in an oven 

at 348.15 K for adsorption. At different time intervals (0.5, 1, 2, 4, 8, 12, 24, 48, 72, 96, 120, and 180 

h), the vial containing the adsorbent and an empty reference vial were weighed to eliminate 

interference. Finally, the adsorption capacity was calculated using the appropriate formula (Eq. (1)):

(1)
qe =

gt - g0 - gb

g0
 

Here, qe represents the adsorption capacity per gram of adsorbent at a given time (min), gt and g0 
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are the post-adsorption and initial weights of the vial containing the adsorbent (g), respectively, and gb 

is the weight of the blank reference vial (g).

Methyl iodide: The adsorption capacity of methyl iodide vapor was measured using a gravimetric 

method. A specified amount of methyl iodide solution was placed in a pressure-resistant vial, and 10 

mg of adsorbent was weighed into a small weighing vial, which was then placed inside the sealed 

pressure-resistant vial. The setup was placed in an oven at 348.15 K for adsorption. At different time 

intervals (0, 12, 4, 8, 12, 24, 48, 72 h), the weighing vial containing the adsorbent, as well as an empty 

reference vial, were weighed to eliminate interference. The adsorption capacity was calculated using 

the following formula (Eq. (2)):

 (2)
qe =

gt - g0 - gb

g0

Here, qe represents the adsorption capacity per gram of adsorbent at a given time (min), gt and g0 

are the post-adsorption and initial weights of the vial containing the adsorbent (g), respectively, and gb 

is the weight of the blank reference vial (g).

We used the pseudo-first-order reaction model and the pseudo-second-order kinetic equation to 

fit the kinetic data of the iodine vapor adsorption experiment. The calculation formulas are as follows 

(Eqs. (3) and (4)):

Pseudo-first-order reaction model:

) (3)qt = qe(1 - e
k1t

Pseudo-second-order kinetic equation:

 (4)

t
qt

=
1

k2q2
e

+
t

qe

where t is the adsorption time (h), qt is the adsorption capacity at time t (g·g-1), qe is the 
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equilibrium adsorption capacity, k1 is the pseudo-first-order rate constant (h⁻¹), and k2 is the pseudo-

second-order rate constant (g·g-1·h-1).

2.5 Detailed procedure for capturing liquid-phase iodine

Iodine Solution: To study the adsorption kinetics of the adsorbent in iodine aqueous solution, the 

adsorbent was added to a 100 mg·L-1 iodine solution at a solid-to-liquid ratio of 0.1 g·L-1. Samples 

were taken at different time intervals (0, 10, 25, 60, 120, 240, 360, 720, 1440 min), and the residual 

iodine concentration in the solution was measured using a UV-Vis spectrophotometer at a wavelength 

of 461 nm. The removal efficiency E (%) of the adsorbent was calculated using the following formula 

(Eq. (5)):

(5)
E =

C0 - Ct

C0
× 100%

Where C0 is the initial iodine concentration (mg·L-1), and Ct is the iodine concentration at time t 

(mg L-1).

Iodine in Cyclohexane: To study the adsorption kinetics of the adsorbent in iodine cyclohexane 

solution, the adsorbent was added to a 200 mg L-1 iodine cyclohexane solution at a solid-to-liquid 

ratio of 1 g·L-1. Samples were taken at different time intervals (0, 5, 15, 30, 60, 120, 240, 480, 720, 

and 1440 min), and the residual iodine concentration in the solution was measured using a UV-Vis 

spectrophotometer at a wavelength of 523 nm. The removal efficiency E(%)) of the adsorbent was 

calculated using the following formula (Eq. (6)):

 (6)
E =

C0 - Ct

C0
× 100%

Where C0 is the initial iodine concentration (mg L-1), and Ct is the iodine concentration at time t 

(mg L-1).
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Iodine Ion Solution: To study the adsorption kinetics of the adsorbent in iodine ion solution, the 

adsorbent was added to a 50 mg L-1 iodine ion solution at a solid-to-liquid ratio of 0.1 g L-1. Samples 

were taken at different time intervals (0, 5, 15, 30, 60, 120, 240, and 360 min), and the residual iodine 

concentration in the solution was measured using a UV-Vis spectrophotometer at a wavelength of 288 

nm. The removal efficiency E(%) of the adsorbent was calculated using the following formula (Eq. 

(7)):

 (7)
E =

C0 - Ct

C0
× 100

Where C0 is the initial iodine concentration (mg L-1), and Ct is the iodine concentration at time t 

(mg L-1).

The pseudo-first-order reaction model and the pseudo-second-order kinetic equation were used 

by us to fit the kinetic model of iodine vapor adsorption experiments. The calculation formulas are as 

follows (Eqs. (8) and (9)):

Pseudo-first-order reaction model:

 (8)qt = qe(1 - e
k1t

)

Pseudo-second-order kinetic model:

(9)

𝑡
𝑞𝑡

=
1

𝑘2𝑞2
𝑒

+
𝑡

𝑞𝑒

In the equations, t is the adsorption time (min), qt is the adsorption amount at time t (g··g-1), qe is 

the equilibrium adsorption capacity (g·g-1), k1 is the pseudo-first-order rate constant (min−1), and k2 is 

the pseudo-second-order rate constant (g·g-1·min-1).

2.6 Liquid-phase isotherm experiment
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Iodine Solution: A stock solution of iodine water at 200 mg L-1 was prepared and subsequently 

diluted to concentrations of 10, 20, 40, 60, 80, 100, 120 and 160 mg L-1.

The adsorption capacity and removal efficiency were calculated according to the following (Eq. 

(10)):

(10)
qe =

(C0 - Ce) × V

m

In the equation, C0 is the initial concentration of iodine in the solution (mg L-1), Ce is the 

equilibrium concentration of iodine (mg L-1), V is the volume of the solution added (L), and mmm is 

the mass of the adsorbent added (g).

Iodine Cyclohexane: In this experiment, a stock solution of iodine cyclohexane at 5000 mg L-1 

was prepared and then diluted to various concentrations: 200, 250, 300, 400, 500, 600, 800, and 1000 

mg·L-1. The equilibrium adsorption capacity of the adsorbent for each iodine cyclohexane 

concentration is then calculated using the above equation. The adsorption capacity and removal 

efficiency were calculated according to the following (Eq. (11)):

(11)
qe =

(C0 - Ce) × V

m

In the equation, C0 is the initial concentration of iodine in the solution (mg·L-1), Ce is the 

equilibrium concentration of iodine (mg L-1), V is the volume of the solution added (L), and mmm is 

the mass of the adsorbent added (g).

The adsorption isotherms were fitted using the typical Langmuir and Freundlich models to 

determine the type of adsorption behavior for the materials. The Langmuir and Freundlich adsorption 

models are expressed as follows (Eqs. (12) and (13)):

Langmuir isotherm:
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 (12)
qe =

CeqmKL

1 + KLCe

Where Qe is the equilibrium adsorption capacity (mg·g-1),Ce is the equilibrium concentration of 

iodine (mg L-1), qm is the maximum adsorption capacity (mg·g-1),KL is the Langmuir equilibrium 

adsorption constant (L·mg-1).

Freundlich isotherm:

 (13)qe = KFC

1
n
e

Where qe is the equilibrium adsorption capacity (mg·g-1), Ce is the equilibrium concentration of 

iodine (mg L-1), KF is the Freundlich constant (mg1-n·Ln·g-1), 1/n is the adsorption intensity, where n 

is a measure of the adsorption strength.

By applying these models to the experimental data, you can determine the adsorption type and 

characteristics of the material based on the values of the constants qm, KL, KF, and 1/n.

2.7 Iodine Water Breakthrough Experiment

The iodine water breakthrough experiment was conducted to investigate the dynamic adsorption 

capacity of the adsorbent for iodine in water. The experiment was carried out using a peristaltic pump, 

and the tubing used in the experiment was saturated tubing. The experimental setup is shown in the 

diagram below.

The maximum dynamic adsorption capacity Qe (mg·g-1) of the adsorbent in the iodine water 

solution is calculated from the breakthrough curve using the following equation (Eq. (14)):

(14)
𝑄𝑒 =

𝑉2

∫
0

(𝐶0 ‒ 𝐶𝑉2
)𝑑𝑉2 ‒

𝑉1

∫
0

(𝐶0 ‒ 𝐶𝑉1
)𝑑𝑉1

𝑚
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Where, m is the mass of the adsorbent (g), C0 is the initial iodine concentration (mg L-1), Cv1 is 

the iodine concentration in the effluent when no adsorbent is packed (mg L-1), Cv2 is the iodine 

concentration in the effluent when the adsorbent is packed (mg·L-1).

2.8 Material Recyclability Experiment

This experiment uses ethanol immersion to recover iodine adsorbed by the material and conducts 

adsorption cycle experiments on the material.

Iodine Vapor Cycling:20 mg of adsorbent is added to a 10 mL vial containing elemental iodine ( 

≥ 1 g). The mixture is then adsorbed at 348.15 K for 72 h until adsorption equilibrium is reached. 

Afterward, the iodine adsorption capacity of the adsorbent is measured by the weighing method. The 

adsorption capacity qe (g·g-1) is calculated using the following formula (Eq. (15)):

(15)
qe =

gt - g0 - gb

g0

Here, qe represents the adsorption capacity per gram of adsorbent at a given time (min), gt and g0 

are the post-adsorption and initial weights of the vial containing the adsorbent, respectively, and gb is 

the weight of the blank reference vial.

The adsorbed materials were immersed in ethanol at 348.15 K, with the ethanol solution being 

replaced continuously until the solution became clear. The materials were then dried and the process 

was repeated six times to determine the adsorption recycling efficiency.

Iodine Water Recycling Experiment: 10 mg of adsorbent was added to 100 mL of a 100 mg L-1 

iodine solution, and the mixture was stirred at room temperature for 48 h. Afterward, samples were 

taken, and the residual iodine concentration in the solution was measured using a UV-Vis 

spectrophotometer. The removal efficiency E (%) of the adsorbent for iodine in the water was 

calculated using the following formula (Eq. (16)):
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(16)
qe =

gt - g0 - gb

g0

Here, qe represents the adsorption capacity per gram of adsorbent at a given time (min), gt and g0 

are the post-adsorption and initial weights of the vial containing the adsorbent, respectively, and gb is 

the weight of the blank reference vial.

Scheme S1 Synthesis route of X-HCCP.

Scheme S1 The structural resonance and protonation of amino or phosphazene ring nitrogen.
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Scheme S2 Synthesis route of TAPA-HCCP and TAPDA-HCCP.

Scheme S2 The reversible spatial isomerization mechanism used for the polymerization of TAPA-HCCP and 

TAPDA-HCCP.
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Fig. S1 FT-IR spectroscopy. 

Fig. S1 FT-IR spectroscopy of (a) BDP-HCCP (b) BDD-HCCP (c) TAPDA-HCCP.
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Fig. S2 XRD patterns.

 

Fig. S2 XRD patterns of phosphonitrilic polymers.
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Fig. S3 XPS spectra of N1s.

 

Fig. S3 XPS spectra of N1s for (a) BDP-HCCP (b) BDD-HCCP (c) TAPDA-HCCP.
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Fig. S4 SEM images.

Fig. S4 SEM images of (a) and (b) BDP-HCCP, (c) and (d) BDD-HCCP.
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Fig. S5 TGA curve.

Fig. S5 TGA curve of phosphonitrilic polymers.
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Fig. S6 N2 adsorption-desorption isotherms and pore size distribution

Fig. S6 N2 adsorption-desorption isotherms of PDD-HCCP (a), BDD-HCCP (b) andTAPDA-HCCP (c). 
Pore size distribution of PDD-HCCP (d), BDD-HCCP (e) andTAPDA-HCCP (f).
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Fig. S7 Color change of materials.

Fig. S7 Visual observation of color changes in phosphonitrilic polymers upon iodine adsorption.
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Fig. S8 Summary of the I2 vapor adsorption performance.

Fig. S8. Summary of the I2 vapor adsorption performance of phosphonitrilic polymers.
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Fig. S9 Kinetic model diagram of iodine vapor adsorption.

Fig. S9 Kinetic model diagram of iodine vapor adsorption. (a) Pseudo-first-order kinetic model fit for iodine vapor 

absorption of phosphonitrilic polymers. (b) Weber and Morris intraparticle diffusion kinetics for uranium adsorption 

on three POPs.



S21

Fig. S10 The color change of iodine solution.

Fig. S10 The color change chart of iodine solution.
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Fig. S11 Water contact angle diagram.

Fig. S11 The snapshots of water contact angel test of Phosphonitrilic Polymers.
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Fig. S12 The first-order kinetic model of iodine solution and the Freundlich model.

Fig. S12 The first-order kinetic model of iodine solution and the Freundlich model. (a) Pseudo-first-order kinetic 

model fit for iodine water absorption of Phosphonitrilic Polymers. (b) Adsorption isotherm of PDD-HCCP, 

BDP-HCCP, BDD-HCCP, TAPA-HCCP, TAPDA-HCCP with Freundlich isotherm model fitting for 

experimental data.

(a)
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Fig. S13 Comparison chart of iodine water properties.

Fig. S13 Comparison of iodine adsorption in water.
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Fig. S14 Kinetic model of iodine ion adsorption.

Fig. S14 (a) Pseudo-first-order and (b) Pseudo-second-order Kinetics of Iodine Ions.
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Fig. S15 The first-order kinetic model and Freundlich model of methyl iodide and iodocyclohexane.

Fig. S15 (a) Pseudo-first-order kinetic model fit for Methyl Iodide absorption of Phosphonitrilic Polymers. (b) 

Pseudo-first-order kinetic model fit for iodincyclohexane absorption of Phosphonitrilic Polymers. (c) 

Freundlich adsorption isotherm model for iodine in cyclohexane on PDD-HCCP, BDP-HCCP, BDD-HCCP, 

TAPA-HCCP, and TAPDA-HCCP.
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Fig. S16 Adsorption penetration curve.

Fig. S16 (a) The iodine-water penetration curve of PDD-HCCP. (b) The iodine-water penetration curve of 

TAPDA-HCCP.
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Fig. S17 Iodine vapor and iodine water reusability experiment.

Fig. S17 Reusability study over 6 consecutive cycles in iodine vapour of (a) BDP-HCCP, (b) BDD-HCCP, and 

(c) TAPA-HCCP and in iodine water of (d) BDP-HCCP, (e) BDD-HCCP, and (f) TAPA-HCCP.
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Fig. S18 Methyl iodide reusability experiment.

Fig. S18 Reusability study over 6 consecutive cycles in methyl iodide of (a) PDD-HCCP, (b) BDP-
HCCP, (c) BDD-HCCP, (d) TAPA-HCCP, (e) TAPDA-HCCP.
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Fig. S19 FT-IR spectra before and after iodine vapor adsorption.

Fig. S19 FT-IR spectrum after iodine adsorption.of (a)PDD-HCCP, (b)BDP-HCCP, (c)BDD-HCCP, (d)TAPA-

HCCP, and (e)TAPDA-HCCP.
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Fig. S20 XPS spectrum of BDD-HCCP.

Fig. S20 XPS spectrum of N1s for BDD-HCCP (a) before and (b) after iodine vapor adsorption.
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Fig. S21 XPS spectra of P 2p.

Fig. S21 (a) PDD-HCCP, (b) BDD-HCCP, and (c) TAPDA-HCCP before and after iodine vapor adsorption.
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Table of experimental dates and other information.

Table S1 Yield of phosphazene polymers synthesized at different condition.

Materials Time(h) Temperature (℃) Productivity(%)
6 85 84.6
12 85 88.8PDD-HCCP
24 85 90.1
6 85 82.2
12 85 86.1BDP-HCCP
24 85 89.1
6 85 69.3
12 85 83.5BDD-HCCP
24 85 86.8
6 85 72.2
12 85 75.8TAPA-HCCP
24 85 81.3
6 85 78.2
12 85 81.4TAPDA-HCCP
24 85 83.5
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Table S2 Idoine vapor adsorption capacity comparison of five phosphazene polymer and reported adsorbents.

Type Materials Iodine vapour 
absorption Refs

iCOF-AB-50 10.21 1

QTD-COF-V 6.29 2

TJNU-201 5.62 3
COFs

SIOC-COF-7 4.81 4

IL@PCN-333 (Al) 7.35 5

HKUST-1@PES 5.38 6

PCN-333 (Al) 4.42 5

N-MOF-PAN fibers 3.20 7

MOFs

NH2-MIL-101-on-NH2-UiO-66 1.93 8

BisImi-POP@2 10.3 9

BisImi-POP@1 9.5 9

EtAn[2] 7.35 10

TAPDA-HCCP 7.09 This work

MeAn[2] 7.01 10

60PEI@HCP 6.07 11

Δ@PPG6 6.00 12

C-poly-15 5.74 13

BDD-HCCP 5.30 This work

TAPA-HCCP 5.24 This work

BDP-HCCP 4.18 This work

PDD-HCCP 3.51 This work

C[4]P-BTP 3.38 14

POPs

C[4]P-HEPM 3.18 15

SCU-SnS 6.12 16

SnSg 0.68 17Other

Si-BEA 0.47 18
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Table S3 Comparison of iodine vapor adsorption performance of various porous materials

Adsorbents K80% Saturation time 
(h)

Iodine 
capacity(g·g-1)

Refer

TAPA-HCCP 0.256 72 5.26 This work

TJNU-201 0.225 25 5.63 3

TAPDA-HCCP 0.201 96 7.19 This work

TPE-TAPD-CMP 0.19 20 4.68 19

Th-SINAP-8 0.19 3 0.47 20

MOF-808 0.15 20 2.18 21

ZIF-90 0.15 24 4.49 22

PDD-HCCP 0.124 72 3.53 This work

BDP-HCCP 0.106 96 4.19 This work

BDD-HCCP 0.098 96 5.02 This work

[Zn2(tptc)-(apy)2-

x(H2O)x]·H2O
0.07 50 2.16 23
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Table S4 Kinetics parameters for Idoine vapour extraction of PDD-HCCP, BDP-HCCP, BDD-HCCP, TAPA-

HCCP, and TAPDA-HCCP.

Sample Pseudo-first-order Pseudo-second-order

K1 (h-1) 0.091 K2 (g (g/h)-1) 0.031

qe (g·g-1) 3.453 qe (mg·g-1) 3.809PDD-HCCP

R2 0.997 R2 0.999

K1 (h-1) 0.070 K2 (g (g/h)-1 ) 0.018

qe (g·g-1) 4.101 qe (mg·g-1) 4.640BDP-HCCP

R2 0.998 R2 0.999

K1 (h-1) 0.068 K2 (g (g/ h)-1) 0.017

qe (g·g-1) 4.850 qe (mg·g-1) 5.485BDD-HCCP

R2 0.992 R2 0.997

K1 (h-1) 0.124 K2 (g (g/h)-1) 0.030

qe (g·g-1) 5.187 qe (mg·g-1) 5.618TAPA-HCCP

R2 0.997 R2 0.998

K1 (h-1) 0.081 K2 (g (g/h)-1) 0.013

qe (g·g-1) 6.986 qe (g·g-1) 7.828TAPDA-HCCP

R2 0.997 R2 0.998
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Table S5 Weber and Morris intraparticle diffusion kinetics for iodine vapor adsorption on five Phosphonitrilic 

Polymers.

Sample

K (g·g-1·h1/2) 0.740 0.188 0

C -0.329 1.915 3.525PDD-HCCP

R2 0.994 0.984 0.999

K (g·g-1·h1/2) 0.781 0.243 4.185

C -0.417 1.990 -3.49BDP-HCCP

R2 0.991 0.999 1

K (g·g-1·h1/2) 0.792 0.412 5.024

C -0.175 1.257 0BDD-HCCP

R2 0.903 0.981 1

K (g·g-1·h1/2) 0.372 1.461 0.031

C 5.5×10-17 -0.729 5.021TAPA-HCCP

R2 1 0.985 0.891

K (g·g-1·h1/2) 0.866 1.473 0.096

C -0.349 -1.139 6.136TAPDA-HCCP

R2 0.998 0.966 0.897



S38

Table S6 Comparison of iodine water adsorption performance of various porous materials

Adsorbents K (g·g-1·min-1) Refer

TAPDA-HCCP 1.10 This work

C[4]P-DPP 0.95 14

C-poly-I5 0.84 24

C[4]P-BT 0.67 14

C-poly-I20 0.62 24

C[4]P-TTP 0.47 14

C-poly-I50 0.39 24

PDD-HCCP 0.25 This work

TAPA-HCCP 0.23 This work

BDP-HCCP 0.15 This work

BDD-HCCP 0.12 This work

N-MOF-PAN 0.033 7

Lac-zn 0.02 25
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Table S7 Kinetics parameters for iodide water extraction of PDD-HCCP, BDP-HCCP, BDD-HCCP, TAPA-

HCCP, TAPDA-HCCP

Sample Pseudo-first-order Pseudo-second-order

K1(min-1) 0.127 K2 (g (mg/ min)-1 ) 2.5×10-4

qe (mg·g-1) 894.6 qe (mg·g-1) 926.5PDD-HCCP

R2 0.985 R2 0.997

K1(min-1) 0.0762 K2 (g (mg/ min)-1) 1.5×10-4

qe (mg·g-1) 664.5 qe (mg·g-1) 702.6BDP-HCCP

R2 0.960 R2 0.986

K1(min-1) 0.065 K2 (g (mg/ min)-1) 1.2×10-4

qe (mg·g-1) 761.0 qe (mg·g-1) 804.3BDD-HCCP

R2 0.970 R2 0.992

K1(min-1) 0.122 K2 (g (mg/ min)-1) 2.3×10-4

qe (mg·g-1) 885.6 qe (mg·g-1) 921.5TAPA-HCCP

R2 0.976 R2 0.992

K1(min-1) 0.248 K2 (g (mg/ min)-1) 1.1×10-3

qe (mg·g-1) 919.3 qe (mg·g-1) 928.5TAPDA-HCCP

R2 0.998 R2 0.999
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Table S8 Isotherm parameters for iodine water solution extraction of five phosphazene polymer

Sample
Models Parm

PDD-HCCP BDP-HCCP BDD-HCCP TAPA-HCCP TAPDA-HCCP

Qmax (mg·g-1) 2.755 1.908 2.366 2.239 3.693

KL (L·m·g-1) 0.161 0.088 0.046 0.165 0.099

R2 0.981 0.985 0.984 0.977 0.961

1/n 0.348 0.359 0.431 0.344 0.470

Kf (L·g·g-1·g1/n) 654.3 365.9 295.6 531.8 533.7

Langmuir

Freundlich

R2 0.919 0.941 0.983 0.946 0.911
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Table S9 Idoine water solution adsorption capacity comparison of five phosphazene polymer and reported 

adsorbents.

Type Materials Iodine Ref.

COF-TAPB 7.61 26

COFP-1 5.05 27

HCOF-4 3.57 27

HCOF-2 3.23 27

COFs

HCOF-3 3.00 27

N-MOF-PAN 3.61 6

PCN-233-HPP 1.67 28

3D MOF 1 1.10 29
MOFs

MIL-125-NH2@chitosan 0.41 30

SUPE-py-Imine-Cage 7.40 31

C[4]P-BTP 3.03 14

C[4]P-TPE 2.80 14

CaCop3 3.10 28

TIEPE-DABCO 1.80 32

G-QP6 0.25 33

POPs

PTIBBL 0.66 34

PIL 2.57 35

Fe@PPy3O4 1.63 36Other

NTPO 1.04 37
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Table S10 Isotherm parameters for iodine ion solution extraction of five phosphazene polymer

Sample Pseudo-first-order Pseudo-second-order

K1 (h-1) 0.654 K2 (g (mg/ min)-1) 0.011

qe (mg·g-1) 410.4 qe (mg·g-1) 412.4PDD-HCCP

R2 0.998 R2 0.999

K1 (h-1) 0.425 K2 (g (mg/ min)-1) 2.6×10-3

qe (mg·g-1) 385.1 qe (mg·g-1) 394.1BDP-HCCP

R2 0.991 R2 0.995

K1 (h-1) 0.101 K2 (g (mg/ min)-1) 4.1×10-4

qe (mg·g-1) 371.2 qe (mg·g-1) 395.4BDD-HCCP

R2 0.958 R2 0.987

K1 (h-1) 0.852 K2 (g (mg/ min)-1) 0.024

qe (mg·g-1) 409.4 qe (mg·g-1) 410.6TAPA-HCCP

R2 0.998 R2 0.999

K1 (h-1) 0.430 K2 (g (mg/ min)-1) 2.9×10-3

qe (mg·g-1) 399.2 qe (mg·g-1) 407.1TAPDA-HCCP

R2 0.996 R2 0.999
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Table S11 Kinetics parameters for methyl iodide extraction of PDD-HCCP,BDP-HCCP,BDD-HCCP,TAPA-

HCCP,TAPDA-HCCP

Sample Pseudo-first-order Pseudo-second-order

K1 (h-1) 0.171 K2 (g (g/h)-1) 0.227

qe (g·g-1) 0.879 qe (mg·g-1) 0.982PDD-HCCP

R2 0.992 R2 0.999

K1 (h-1) 0.278 K2 (g·(g/h)-1) 0.591

qe (g·g-1) 0.581 qe (mg·g-1) 0.638BDP-HCCP

R2 0.987 R2 0.997

K1·(h-1) 0.564 K2 (g (g/h)-1) 1.203

qe (g·g-1) 0.660 qe (mg·g-1) 0.707BDD-HCCP

R2 0.981 R2 0.998

K1 (h-1) 0.389 K2 (g (g/h)-1) 0.649

qe (g·g-1) 0.748 qe (mg·g-1) 0.816TAPA-HCCP

R2 0.992 R2 0.997

K1 (h-1) 1.139 K2 (g (g·h-1)-1) 0.269

qe (g·g-1) 0.251 qe (g·mg-1) 1.256TAPDA-HCCP

R2 0.991 R2 0.999
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Table S12 Kinetics parameters for iodide water extraction of PDD-HCCP, BDP-HCCP, BDD-HCCP, TAPA-

HCCP, TAPDA-HCCP

Sample Pseudo-first-order Pseudo-second-order

K1 (min-1) 0.127 K2 (g (mg/ min)-1) 2.5×10-4

qe (mg·g-1) 894.6 qe (mg·g-1) 926.5PDD-HCCP

R2 0.985 R2 0.997

K1 (min-1) 0.0762 K2 (g (mg·min)-1) 1.5×10-4

qe (mg·g-1) 664.5 qe (mg·g-1) 702.6BDP-HCCP

R2 0.960 R2 0.986

K1 (min-1) 0.065 K2 (g (mg/ min)-1) 1.2×10-4

qe (mg·g-1) 761.0 qe (mg·g-1) 804.3BDD-HCCP

R2 0.970 R2 0.992

K1 (min-1) 0.122 K2 (g (mg/ min)-1) 2.3×10-4

qe (mg·g-1) 885.6 qe (mg·g-1) 921.5TAPA-HCCP

R2 0.976 R2 0.992

K1 (min-1) 0.248 K2 (g (mg/ min)-1) 1.1×10-3

qe (mg·g-1) 919.3 qe (mg·g-1) 928.5TAPDA-HCCP

R2 0.998 R2 0.999
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Table 13 Isotherm parameters for iodine cyclohexane extraction of five phosphazene polymer

Sample
Models Parm

PDD-HCCP BDP-HCCP BDD-HCCP TAPA-HCCP TAPDA-HCCP

Qmax (mg·g-1) 943.3 813.9 958.0 974.9 1150.4

KL (L·m·g-1) 0.053 0.013 0.001 0.003 0.009

R2 0.995 0.998 0.990 0.997 0.992

1/n 0.336 0.416 0.798 0.625 0.546

Kf (L·g·g-1·g-1/n) 156.2 62.31 1.929 12.75 41.03

Langmuir

Freundlich

R2 0.970 0.982 0.985 0.994 0.955
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