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Fig. S1  
1
H NMR of CDPE/n2 

 

Fig. S2   
13

C NMR of CDPE/n2 

 

Fig. S3  
31

P NMR of CDPE/n2 
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Fig. S4   MS of CDPE/n2  

 CDPE/n4: yellowish viscous oil, ŭH (300.1 MHz, CDCl3, Me4Si): 

8.91 ( 1 H, d,
 3
J = 3.0 Hz), 8.36 (1 H, s), 8.14 (1 H, d, 

3
J = 9.0 Hz), 7.72 (1 

H, t, 
3
J = 9.0 Hz), 7.55-7.63 (2 H, m), 4.72 (1 H, d, 

3
J = 6.0 Hz), 4.08 (4 H, 

dt, 
3
J1 = 3.0 Hz, 

3
J2 = 6.0 Hz), 3.17-3.32 (2 H, m), 3.07 (1 H, d, 

3
J = 9.0 Hz), 

2.74-2.82 (1 H, m), 2.67 (4 H, s), 2.40-2.57 (8 H, m), 1.51-1.75 (12 H, m), 

1.31 (6 H, t, 
3
J = 6.0 Hz), 0.76 (1 H, q, 

3
J = 6.0 Hz).  ŭC (75.0 MHz, 

CDCl3): 149.9, 148.4, 148.0, 129.9, 128.5, 127.4, 126.0, 123.1, 119.3, 77.8, 

61.0, 60.9, 57.0, 40.4, 34.1, 31.7, 31.6, 31.0, 29.9, 29.7, 28.1, 25.6, 25.3, 25.0, 23.7, 21.2, 21.1, 16.2, 16.1.
 
ŭp (121.5 

MHz, ŭ85%H3PO4 = 0 ppm): 33.0 (s). 

Anal. Calcd for C29H46N3O3PS2: C, 60.07; H, 8.00; N, 7.25. Found: C, 60.05; H, 8.05; N, 7.23. 

MS (ESI+) m/z  579.9 [M+H]
+
. 

 

Fig. S5   
1
H NMR of CDPE/n4 
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Fig. S6   
13

C NMR of CDPE/n4 

 

Fig. S7   
31

P NMR of CDPE/n4 

16
8.

5

19
2.

6

22
4.

5

27
6.

8

40
8.

7

43
1.

7

50
5.

9 52
5.

2

57
9.

9

100 200 300 400 500 600 700 800 900 m/z
0.0

0.5

1.0

1.5

2.0

2.5

7x10

Intens.

+MS2(579.0)  

Fig. S8   MS of CDPE/n4  
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 CDPE/n6: yellowish viscous oil, ŭH (300.1 MHz, CDCl3, Me4Si): 

8.91 ( 1 H, d,
 3
J = 3.0 Hz), 8.35 (1 H, s), 8.15 (1 H, d, 

3
J = 9.0 Hz), 7.73 

(1 H, t, 
3
J = 9.0 Hz), 7.57-7.64 (2 H, m), 4.75 (1 H, d, 

3
J = 6.0 Hz), 4.08 

(4 H, dt, 
3
J1 = 3.0 Hz, 

3
J2 = 6.0 Hz), 3.66 (1 H, d, 

3
J = 6.0 Hz), 3.18-3.38 

(3 H, m), 2.82-2.90 (4 H, m), 2.68 (4 H, s), 2.50 (4 H, q, 
3
J = 9.0 Hz), 

1.51-1.77 (12 H, m), 1.38 (4 H, s), 1.31 (6 H, t, 
3
J = 6.0 Hz), 0.81 (1 H, q, 

3
J = 6.0 Hz). ŭC (75.0 MHz, CDCl3): 150.6, 148.7, 148.6, 130.7, 129.4, 127.9, 126.9, 123.5, 119.9, 77.8, 61.7, 61.6, 

57.5, 41.1, 34.5, 33.2, 32.5, 32.4, 30.3, 29.6, 28.5, 28.4, 28.3, 26.7, 25.8, 25.6, 24.8, 22.6, 22.5, 16.8, 16.7.
 
ŭp (121.5 

MHz, ŭ85%H3PO4 = 0 ppm): 29.4 (t, JP-H = 5.0 Hz).  

Anal. Calcd for C31H50N3O3PS2: C, 61.25; H, 8.29; N, 6.91. Found: C, C, 61.28; H, 8.26; N, 6.90. 

MS (ESI+) m/z 608.1 [M+H]
+
. 

 

Fig. S9   
1
H NMR of CDPE/n6 

 

Fig. S10  
13

C NMR of CDPE/n6 
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Fig. S11   
31

P NMR of CDPE/n6 
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Fig. S12  MS of CDPE/n6  

(2)CNPE/n2,n4,n6 

 CNPE/n2: yellowish viscous oil, ŭH (300.1 MHz, CDCl3, Me4Si): 8.89 

( 1 H, d,
 3
J = 3.0 Hz), 8.36 (1 H, s), 8.15 (1 H, d, 

3
J = 9.0 Hz), 7.71 (1 H, d, 

3
J = 

6.0 Hz), 7.57-7.66 (2 H, m), 4.72 (1 H, d, 
3
J = 3.0 Hz), 4.10 (4 H, t, 

3
J = 6.0 Hz), 

2.96-3.02 (4 H, m), 2.62-2.82 (7 H, m), 2.52 (2 H, t,
 3
J = 6.0 Hz), 2.42 (2 H, s), 

2.03 (2 H, q,
 3
J = 9.0 Hz), 1.50-1.63 (6 H, m), 1.32 (6 H, t, 

3
J = 6.0 Hz), 0.99 (2 

H, m). ŭC (75.0 MHz, CDCl3): 150.0, 148.7, 148.2, 130.1, 128.7, 127.5, 126.2, 

123.1, 119.5, 77.8, 61.5, 61.4, 49.2, 48.7, 34.5, 32.6, 31.8, 29.9, 27.4, 27.0, 25.8, 

25.6, 24.8, 24.5, 16.3, 16.2.
 
ŭp (121.5 MHz, ŭ85%H3PO4 = 0 ppm): 29.3 (t, JP-H = 5.1 Hz) 

Anal. Calcd for C27H42N3O3PS2: C, 58.78; H, 7.67; N, 7.62. Found: C, 58.73; H, 7.65; N, 7.66. 

MS (ESI+) m/z 551.9 [M+H]
+
. 
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Fig. S13  
1
H NMR of CNPE/n2 

 

Fig. S14  
13

C NMR of CNPE/n2 

 

Fig. S15  
31

P NMR of CNPE/n2 
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Fig. S16  MS of CNPE/n2  

 CNPE/n4: yellowish viscous oil, ŭH (300.1 MHz, CDCl3, Me4Si): 8.91 

( 1 H, d,
 3
J = 3.0 Hz), 8.37 (1 H, s), 8.15 (1 H, d, 

3
J = 9.0 Hz), 7.73 (1 H, t, 

3
J 

= 9.0 Hz), 7.58-7.65 (2 H, m), 4.74 (1 H, d, 
3
J = 6.0 Hz), 4.08 (4 H, dt, 

3
J1 = 

3.0 Hz, 
3
J2 = 6.0 Hz), 2.96-3.08 (4 H, m), 2.72 (4 H, d,

 3
J = 6.0 Hz), 2.54 (7 

H, s), 1.51-1.70 (12 H, m), 1.32 (6 H, t, 
3
J = 6.0 Hz), 1.00 (2 H, m). ŭC (75.0 

MHz, CDCl3): 150.1, 148.7, 148.3, 130.2, 128.9, 127.6, 126.4, 123.1, 119.6, 

77.8, 61.4, 61.3, 49.3, 48.8, 34.5, 32.7, 32.0, 31.4, 30.2, 30.0, 27.0, 25.9, 24.6, 

24.1, 21.5, 21.4, 16.4, 16.3.
 
ŭp (121.5 MHz, ŭ85%H3PO4 = 0 ppm): 32.8 (s). 

Anal. Calcd for C29H46N3O3PS2: C, 60.07; H, 8.00; N, 7.25. Found: C, 60.03; H, 8.00; N, 7.31. 

MS (ESI+) m/z 580.0 [M+H]
+
. 

 

Fig. S17  
1
H NMR of CNPE/n4 
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Fig. S18  
13

C NMR of CNPE/n4 

 

Fig. S19  
31

P NMR of CNPE/n4 
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 CNPE/n6: yellowish viscous oil, ŭH (300.1 MHz, CDCl3, 

Me4Si): 8.91 ( 1 H, d,
 3
J = 3.0 Hz), 8.36 (1 H, s), 8.15 (1 H, d, 

3
J = 9.0 

Hz), 7.74 (1 H, t, 
3
J = 9.0 Hz), 7.59-7.66 (2 H, m), 4.76 (1 H, d, 

3
J = 

9.0 Hz), 4.08 (4 H, dt, 
3
J1 = 3.0 Hz, 

3
J2 = 6.0 Hz), 2.98-3.14 (4 H, m), 

2.71 (7 H, s), 2.53 (4 H, t,
 3
J = 6.0 Hz), 1.54-1.75 (12 H, m), 1.39 (4 H, 

s), 1.32 (6 H, t, 
3
J = 6.0 Hz), 1.03 (2 H, d, 

3
J = 6.0 Hz). ŭC (75.0 MHz, 

CDCl3): 150.6, 148.8, 148.7, 130.8, 129.4, 128.0, 127.0, 123.5, 120.0, 

77.8, 61.8, 61.8, 49.7, 49.3, 34.9, 33.1, 32.6, 32.1, 30.4, 30.3, 29.7, 28.7, 27.3, 26.8, 26.4, 25.1, 25.0, 22.7, 22.6, 16.8, 

16.8.
 
ŭp  (121.5 MHz, ŭ85%H3PO4 = 0 ppm): 33.5 (t, JP-H = 4.8 Hz). 

Anal. Calcd for C31H50N3O3PS2: C, 61.25; H, 8.29; N, 6.91. Found: C, C, 61.30; H, 8.29; N, 6.88. 

MS (ESI+) m/z  607.9 [M+H]
+
. 

 

Fig. S21  
1
H NMR of CNPE/n6 

 

Fig. S22  
13

C NMR of CNPE/n6 
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Fig. S23   
31

P NMR of CNPE/n6 
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Fig. S24  MS of CNPE/n6  

1.2 General procedure for phosphonic acid CDPA/n2,n4,n6 and CNPA/n2,n4,n6 

To a flask (100 mL) was charged with CDPE/n4 (0.34 g, 0.4 mmol), anhydrous CH2Cl2 (20 mL), flushed three 

times with Ar atmosphere. After being well-mixed, trimethylbromosilane (0.51 mL, 4.0 mmol) was added by a 

syringe, stirred at room temperature for 6 h and concentrated under reduced pressure. To the residue was added 

MeOH (20 mL), stirred at room temperature for another 4 h, and then concentrated under reduced pressure to afford 

viscous yellow solid. The crude product was kept in the deionized water (50 mL) under stirring for 30 min, filtered, 

washed with n-pentane (30 mL×4), and dried to yield the yellow solid CDPA/n4 (0.29 g, 91.3%).  

CDPA/n2,n6 and CNPA/n2,n4,n6 were obtained according to the same experimental procedure. 
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 CDPA/n2: pale yellow solid, mp: 155-156 °C , ŭH (300.1 MHz, D2O, 

Me4Si): 9.24 ( 1 H, d,
 3
J =6.0 Hz), 8.65 (1 H, d,

 3
J = 9.0 Hz), 8.32 (1 H, d, 

3
J = 

9.0 Hz), 8.28 (1 H, d, 
3
J = 6.0 Hz), 8.22 (1 H, t, 

3
J = 6.0 Hz), 8.09 (1 H, t, 

3
J = 

6.0 Hz), 5.63 (1 H, d, 
3
J = 9.0 Hz), 4.37 (1 H, d,

 3
J = 6.0 Hz), 3.77-3.90 (2 H, m), 

3.45 (1 H, s), 3.17 (1 H, d, 
3
J = 12.0 Hz), 2.52-2.73 (8 H, m), 2.28 (1 H, s), 

1.69-1.98 (8 H, m), 1.11 (1 H, s). ŭC (75.0 MHz, CDCl3): 151.9, 145.8, 139.6, 

136.6, 132.5, 128.4, 124.9, 123.3, 121.4, 60.6, 56.6, 42.9, 33.4, 32.6, 31.8, 31.7, 

29.9, 29.3, 28.2, 25.9, 24.6, 24.4, 24.3. 

Anal. Calcd for C23H34N3O3PS2: C, 55.74; H, 6.91; N, 8.48. Found: C, 55.78; H, 6.90; N, 8.49. 

MS (ESI+) m/z 495.8 [M+H]
+
. 

 

Fig. S25  
1
H NMR of CDPA/n2 

 

Fig. S26  
13

C NMR of CDPA/n2 



 13 

15
8.

4

22
9.

7

24
6.

4 25
6.

5

26
8.

0

28
0.

8

31
1.

2

32
7.

8 33
8.

8

37
0.

5

44
9.

7

47
7.

9

49
5.

8

72
1.

4

100 200 300 400 500 600 700 m/z
0.0

0.5

1.0

1.5

6x10

Intens.

+MS2(495.0)  

Fig. S27 MS of CDPA/n2  

 CDPA/n4: pale yellow solid, mp: 155-157 °C , ŭH (300.1 MHz, D2O, 

Me4Si): 9.14 ( 1 H, d,
 3
J = 6.0 Hz), 8.61 (1 H, d,

 3
J = 9.0 Hz), 8.25 (1 H, d, 

3
J = 9.0 Hz), 8.08-8.16 (2 H, m), 8.01 (1 H, t, 

3
J = 6.0 Hz), 5.39 (1 H, d, 

3
J 

= 9.0 Hz), 4.23 (1 H, d,
 3
J = 6.0 Hz), 3.72-3.88 (2 H, m), 3.34-3.44 (1 H, 

m), 3.11-3.15 (1 H, m), 2.45-2.67 (8 H, m), 2.25 (1 H, s), 1.93-1.95 (3 H, 

m), 1.52-1.79 (9 H, m), 1.09 (1 H, q, 
3
J = 6.0 Hz). ŭC (75.0 MHz, CDCl3): 

153.4, 146.4, 140.9, 135.7, 131.7, 128.1, 124.9, 124.1, 120.9, 61.1, 56.3, 

42.6, 33.4, 32.7, 32.0, 32.0, 31.6, 31.0, 30.7, 29.4, 28.8, 27.1, 24.7, 24.5, 24.4. ŭp (121.5 MHz,  ŭ85%H3PO4 = 0 ppm): 

31.1 (s). 

Anal. Calcd for C25H38N3O3PS2: C, 57.34; H, 7.31; N, 8.02. Found: C, 57.30; H, 7.30; N, 8.05. 

MS (ESI+) m/z 523.9 [M+H]
+
. 

 

Fig. S28  
1
H NMR of CDPA/n4 
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Fig. S29  
13

C NMR of CDPA/n4 

 

Fig. S30  
31

P NMR of CDPA/n4 
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Fig. S31 MS of CDPA/n4  
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 CDPA/n6: pale yellow solid, mp: 160-162 °C , ŭH (300.1 MHz, 

D2O, Me4Si): 9.21 ( 1 H, s), 8.67 (1 H, d,
 3
J = 9.0 Hz), 8.07-8.28 (4 H, m), 

5.53 (1 H, d, 
3
J = 9.0 Hz), 4.36 (1 H, s), 3.80-3.93 (2 H, m), 3.46 (1 H, s), 

3.22 (1 H, s), 2.40-2.62 (8 H, m), 2.29 (1 H, s), 1.99 (3 H, m), 1.14-1.82 

(14 H, m). ŭC (75.0 MHz, CDCl3): 152.5, 146.6, 140.9, 136.0, 132.1, 

128.2, 125.1, 124.2, 121.4, 60.9, 56.4, 42.9, 33.5, 32.9, 32.3, 32.3, 32.2, 

30.7, 30.5, 29.7, 29.6, 29.0, 28.6, 27.2, 24.8, 24.6, 23.6. 

Anal. Calcd for C27H42N3O3PS2: C, 58.78; H, 7.67; N, 7.62. Found: C, 58.85; H, 7.70; N, 7.60.  

MS (ESI+) m/z 552.0 [M+H]
+
. 

 

Fig. S32  
1
H NMR of CDPA/n6  

 

Fig. S33  
13

C NMR of CDPA/n6  
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Fig. S34  MS of CDPA/n6  

 CNPA/n2: pale yellow solid, mp: 148-149 °C , ŭH (300.1 MHz, D2O, 

Me4Si): 9.23 ( 1 H, s), 8.67 (1 H, d,
 3
J = 9.0 Hz), 8.11-8.30 (4 H, m),  5.71 (1 

H, s), 4.39 (1 H, s), 3.40-3.70 (4 H, m), 2.51-2.68 (8 H, m), 2.23 (1 H, s), 

1.54-1.91 (8 H, m), 1.19 (1 H, s). ŭC (75.0 MHz, CDCl3): 152.1, 147.4, 141.4, 

137.7, 136.2, 133.8, 129.5, 125.1, 122.8, 62.3, 51.5, 50.6, 34.0, 33.2, 33.1, 

31.3, 30.5, 30.4, 29.6, 27.3, 26.1, 25.3, 24.6. 

Anal. Calcd for C23H34N3O3PS2: C, 55.74; H, 6.91; N, 8.48. Found: C, 

55.75; H, 6.89; N, 8.51. 

MS (ESI+) m/z 495.8 [M+H]
+
. 

 

 

Fig. S35  
1
H NMR of CNPA/n2 
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Fig. S36  
13

C NMR of CNPA/n2 
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Fig. S37 
 
MS of CNPA/n2  

 CNPA/n4: pale yellow solid, mp: 150-152 °C , ŭH (300.1 MHz, D2O, 

Me4Si): 9.16 ( 1 H, s), 8.63 (1 H, d,
 3
J = 9.0 Hz), 8.25 (1 H, d, 

3
J = 6.0 Hz), 

8.06-8.17 (2 H, m), 8.03 (1 H, t, 
3
J = 6.0 Hz), 5.63 (1 H, d, 

3
J = 9.0 Hz), 4.31 (1 

H, d,
 3
J = 6.0 Hz), 3.38-3.66 (4 H, m), 2.37-2.58 (8 H, m), 2.19 (1 H, s), 

1.85-1.91 (3 H, m), 1.62-1.67 (1 H, m), 1.47-1.52 (8 H, m), 1.06-1.17 (1 H, m,). 

ŭC (75.0 MHz, CDCl3): 151.7, 148.1, 142.5, 137.0, 133.3, 129.3, 125.9, 125.8, 

122.6, 62.5, 51.3, 50.5, 34.0, 33.4, 33.3, 32.9, 32.1, 32.0, 30.5, 29.9, 28.1, 26.2, 

25.3, 24.7, 24.2. 

Anal. Calcd for C25H38N3O3PS2: C, 57.34; H, 7.31; N, 8.02. Found: C, 57.31; H, 7.29; N, 8.02. 

MS (ESI+) m/z 523.9 [M+H]
+
. 
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Fig. S38  
1
H NMR of CNPA/n4 

 

Fig. S39  
13

C NMR of CNPA/n4 
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Fig. S40  MS of CNPA/n4  
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 CNPA/n6: pale yellow solid, mp: 160-162 °C , ŭH (300.1 MHz, D2O, 

Me4Si): 9.29 ( 1 H, d, 
3
J = 6.0 Hz), 8.77 (1 H, d,

 3
J = 9.0 Hz), 8.33-8.37 (2 

H, m), 8.26 ( 1 H, t, 
3
J = 9.0 Hz), 8.16 (1 H, t,

 3
J = 9.0 Hz), 5.85 (1 H, d, 

3
J 

= 9.0 Hz), 4.46 (1 H, d,
 3
J = 9.0 Hz), 3.65-3.78 (2 H, m), 3.42-3.56 (2 H, 

m), 2.36-2.67 (8 H, m), 2.22-2.27 (1 H, m), 1.21-1.92 (17 H, m). ŭC (75.0 

MHz, CDCl3): 152.2, 148.5, 142.1, 139.3, 135.4, 130.8, 127.2, 126.0, 

124.4, 63.1, 52.8, 52.0, 35.2, 34.6, 34.5, 34.5, 34.4, 32.8, 32.6, 32.0, 31.7, 

30.8, 30.6, 28.8, 27.3, 26.5, 25.7. 

Anal. Calcd for C27H42N3O3PS2: C, 58.78; H, 7.67; N, 7.62. Found: C, 58.87; H, 7.71; N, 7.58.  

MS (ESI+) m/z 551.9 [M+H]
+
 

 

Fig. S41  
1
H NMR of CNPA/n6 

 

Fig. S42 
13

C NMR of CNPA/n6 
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Fig. S43  MS of CNPA/n6  

 

2. TGA 

Thermogravimetric analysis was performed on a SBTQ600 Thermal Analyzer with a heating rate of 20 °C 

min
-1
 over a temperature range of 40ï800 °C under flowing compressed N2 (100 mL min

-1
). 

 

Fig. S44 TGA  of Fe3O4@CDPA/n4 
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Fig. S45 TGA  of Fe3O4/CDPA/n4/0.18 

 

Fig. S46 TGA  of Fe3O4/CDPA/n4/0.38 

 

Fig. S47  TGA  of Fe3O4/CDPA/n4/0.52 
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3. The nitrogen adsorptionïdesorption isotherms 

 

Fig. S48 N2 adsorption-desorption isotherm and pore distribution of Fe3O4@CDPA/n4 

 

Fig. S49 N2 adsorption-desorption isotherm and pore distribution of Fe3O4/CDPA/n4/0.18 

 

Fig. S50 N2 adsorption-desorption isotherm and pore distribution of Fe3O4/CDPA/n4/0.38 


