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Figure S1. XPS survey spectra of PANF, PANF-E, and PANF-EC-3/2 fibers showing the presence of characteristic elements including C 1s, N 1s, O 1s, and Cl 2p.



1 1H NMR and 13C NMR data of different products
Benzylidenemalononitrile C1
[image: ]
1H NMR (300 MHz, Chloroform-d) δ 7.99 – 7.84 (m, 2H), 7.78 (s, 1H), 7.64 (s, 1H), 7.56 (d, J = 7.8 Hz, 2H).
13C NMR (75 MHz, CDCl3) δ 159.65, 134.35, 130.65, 130.45, 129.36, 113.41, 112.25, 82.62.

4-Bromobenzylidenemalonodinitrile C2
[image: ]
1H NMR (300 MHz, Chloroform-d) δ 7.85 – 7.74 (m, 2H), 7.71 (d, J = 4.6 Hz, 2H), 7.68 (d, J = 1.8 Hz, 1H).
13C NMR (75 MHz, CDCl3) δ 159.00, 133.60, 132.34, 130.45, 130.19, 113.99, 112.87, 84.00.

2-(4-chlorobenzylidene)malononitrile C3
[image: ]
1H NMR (300 MHz, Chloroform-d) δ 7.93 – 7.79 (m, 2H), 7.74 (d, J = 4.7 Hz, 1H), 7.53 (t, J = 6.6 Hz, 2H).
13C NMR (75 MHz, CDCl3) δ 158.86, 141.69, 132.39, 130.62, 129.81, 113.99, 112.89, 83.86.

2-(4-Methoxyphenylmethylene)malononitrile C4
[image: ]
1H NMR (300 MHz, Chloroform-d) δ 8.00 – 7.86 (m, 2H), 7.65 (s, 1H), 7.12 – 6.93 (m, 2H), 3.91 (d, J = 1.8 Hz, 3H).
13C NMR (75 MHz, CDCl3) δ 164.51, 158.58, 133.15, 123.69, 114.82, 114.13, 113.05, 78.16, 55.50.

2-(2-bromobenzylidene)malononitrile C5
[image: ]
1H NMR (300 MHz, Chloroform-d) δ 7.94 (d, J = 16.3 Hz, 2H), 7.89 – 7.59 (m, 2H), 7.54 – 7.32 (m, 1H).
13C NMR (75 MHz, CDCl3) δ 158.65, 137.78, 133.97, 133.08, 131.61, 129.17, 124.16, 113.72, 112.54, 85.18.

2-(2-bromobenzylidene)malononitrile C6
[image: ]
1H NMR (300 MHz, Chloroform-d) δ 8.22 (s, 1H), 8.12 (dd, J = 7.3, 2.2 Hz, 1H), 7.92 – 7.67 (m, 1H), 7.49 (tt, J = 6.9, 4.0 Hz, 2H).
13C NMR (75 MHz, CDCl3) δ 159.18, 135.42, 134.41, 131.19, 130.23, 128.79, 126.84, 113.56, 112.25, 86.39.

(E)-ethyl 2-cyano-3-phenylacrylate C7
[image: ]
1H NMR (400 MHz, Chloroform-d) δ 8.40 – 8.16 (m, 1H), 7.96 (dt, J = 7.0, 3.6 Hz, 2H), 7.61 – 7.41 (m, 3H), 4.36 (pd, J = 7.0, 2.7 Hz, 2H), 1.37 (tt, J = 7.0, 3.3 Hz, 3H).
13C NMR (101 MHz, CDCl3) δ 162.42, 162.39, 155.00, 154.97, 154.94, 133.28, 131.48, 131.46, 131.05, 131.03, 129.26, 115.45, 103.04, 103.02, 62.70, 62.68, 14.14.

ethyl (E)-3-(4-bromophenyl)-2-cyanoacrylate C8
[image: ]
1H NMR (400 MHz, Chloroform-d) δ 8.17 (s, 1H), 7.84 (d, J = 8.5 Hz, 2H), 7.63 (d, J = 8.5 Hz, 2H), 4.38 (q, J = 7.1 Hz, 2H), 1.39 (t, J = 7.1 Hz, 3H).
13C NMR (101 MHz, CDCl3) δ 162.30, 153.57, 132.78, 132.34, 130.39, 128.35, 115.34, 103.79, 62.99, 14.25.

ethyl (E)-3-(4-chlorophenyl)-2-cyanoacrylate C9
[image: ]
1H NMR (400 MHz, Chloroform-d) δ 8.20 – 8.14 (m, 1H), 7.91 (ddd, J = 8.6, 5.0, 2.9 Hz, 2H), 7.45 (qd, J = 4.8, 2.4 Hz, 2H), 4.36 (pd, J = 7.1, 3.6 Hz, 2H), 1.37 (ddd, J = 7.3, 5.7, 2.7 Hz, 3H).
13C NMR (101 MHz, CDCl3) δ 162.18, 153.37, 153.34, 153.32, 139.54, 132.22, 129.91, 129.68, 129.66, 115.26, 103.54, 62.86, 14.16.


(E)-2-cyano-3-(4-methoxyphenyl)acrylate C10
[image: ]
1H NMR (400 MHz, Chloroform-d) δ 8.15 (d, J = 3.8 Hz, 1H), 7.98 (dd, J = 9.1, 3.3 Hz, 2H), 6.97 (dd, J = 9.1, 3.2 Hz, 2H), 4.35 (qd, J = 7.1, 3.4 Hz, 2H), 3.87 (d, J = 3.3 Hz, 3H), 1.37 (td, J = 7.3, 3.6 Hz, 3H).
13C NMR (101 MHz, CDCl3) δ 163.56, 154.12, 133.40, 133.38, 124.15, 115.98, 114.54, 99.16, 62.18, 55.39, 13.97.

ethyl (E)-3-(3-bromophenyl)-2-cyanoacrylate C11
[image: ]
1H NMR (300 MHz, Chloroform-d) δ 8.16 (s, 1H), 8.06 – 7.88 (m, 2H), 7.67 (dd, J = 8.1, 1.8 Hz, 1H), 7.38 (t, J = 7.9 Hz, 1H), 4.38 (q, J = 7.1 Hz, 2H), 1.39 (t, J = 7.1 Hz, 3H).
13C NMR (75 MHz, CDCl3) δ 161.99, 153.14, 136.00, 133.85, 133.32, 130.81, 129.00, 123.29, 114.99, 104.63, 63.03, 14.19.

ethyl (E)-3-(2-bromophenyl)-2-cyanoacrylate C12
[image: ]
1H NMR (300 MHz, Chloroform-d) δ 8.61 (s, 1H), 8.15 (dd, J = 7.8, 1.7 Hz, 1H), 7.68 (dd, J = 7.9, 1.4 Hz, 1H), 7.40 (dtd, J = 23.6, 7.6, 1.5 Hz, 2H), 4.39 (q, J = 7.1 Hz, 2H), 1.40 (t, J = 7.2 Hz, 3H).
13C NMR (75 MHz, CDCl3) δ 161.71, 161.67, 153.83, 153.79, 133.71, 133.68, 133.61, 133.58, 131.61, 131.58, 130.09, 130.06, 128.07, 128.03, 126.57, 126.53, 114.72, 114.69, 106.34, 106.31, 62.98, 62.95, 14.16, 14.12.
2 1H NMR and 13C NMR spectra of different products
[image: 醛+丙二腈H]
Figure S2. 1H NMR (300 MHz, Chloroform-d) spectrum of benzylidenemalononitrile C1.
[image: 醛+丙二腈C]
Figure S3. 13C NMR (75 MHz, CDCl3) spectrum of  benzylidenemalononitrile C1.
[image: 对溴-丙二腈H]
Figure S4. 1H NMR (300 MHz, Chloroform-d) spectrum of 4-Bromobenzylidenemalonodinitrile C2.

[image: 对溴-丙二腈C]
Figure S5. 13C NMR (75 MHz, CDCl3) spectrum of  4-Bromobenzylidenemalonodinitrile C2.
[image: 对氯-丙二腈H]
Figure S6. 1H NMR (300 MHz, Chloroform-d) spectrum of 2-(4-chlorobenzylidene)malononitrile C3.

[image: 对氯-丙二腈C]Figure S7. 13C NMR (75 MHz, CDCl3) spectrum of  2-(4-chlorobenzylidene)malononitrile C3.
[image: 对甲氧基-丙二腈H]
Figure S8. 1H NMR (300 MHz, Chloroform-d) spectrum of 2-(4-Methoxyphenylmethylene)malononitrile C4.
[image: 对甲氧基-丙二腈C]Figure S9. 13C NMR (75 MHz, CDCl3) spectrum of  2-(4-Methoxyphenylmethylene)malononitrile C4.
[image: 间溴-丙二腈H]
Figure S10. 1H NMR (300 MHz, Chloroform-d) spectrum of 2-(3-bromobenzylidene)malononitrile C5.
[image: 间溴-丙二腈C]Figure S11. 13C NMR (75 MHz, CDCl3) spectrum of  2-(3-bromobenzylidene)malononitrile C5.
[image: 邻位溴-丙二腈H]
Figure S12. 1H NMR (300 MHz, Chloroform-d) spectrum of 2-(2-bromobenzylidene)malononitrile C6.
[image: 邻位溴-丙二腈C]Figure S13. 13C NMR (75 MHz, CDCl3) spectrum of  2-(2-bromobenzylidene)malononitrile C6.
[image: 醛+氰基乙酸乙酯H]
Figure S14. 1H NMR (400 MHz, Chloroform-d) spectrum of (E)-ethyl 2-cyano-3-phenylacrylate C7.
[image: 醛+氰基乙酸乙酯C]
Figure S15. 13C NMR (101 MHz, CDCl3) spectrum of  (E)-ethyl 2-cyano-3-phenylacrylate C7.
[image: 对溴-氰基乙酸乙酯H]
Figure S16. 1H NMR (400 MHz, Chloroform-d) spectrum of ethyl (E)-3-(4-bromophenyl)-2-cyanoacrylate C8.
[image: 对溴-氰基乙酸乙酯C]Figure S17. 13C NMR (101 MHz, CDCl3) spectrum of ethyl (E)-3-(4-bromophenyl)-2-cyanoacrylate C8.[image: 对氯-氰基乙酸乙酯H]
Figure S18. 1H NMR (400 MHz, Chloroform-d) spectrum of ethyl (E)-3-(4-chlorophenyl)-2-cyanoacrylate C9.
[image: 对氯-氰基乙酸乙酯C]Figure S19. 13C NMR (101 MHz, CDCl3) spectrum of ethyl (E)-3-(4-chlorophenyl)-2-cyanoacrylate C9.[image: 对甲氧基-氰基乙酸乙酯H]
Figure S20. 1H NMR (400 MHz, Chloroform-d) spectrum of (E)-2-cyano-3-(4-methoxyphenyl)acrylate C10.
[image: 对甲氧基-氰基乙酸乙酯C]
Figure S21. 13C NMR (101 MHz, CDCl3) spectrum of (E)-2-cyano-3-(4-methoxyphenyl)acrylate C10.[image: 间溴-氰基乙酸乙酯H]
Figure S22. 1H NMR (300 MHz, Chloroform-d) spectrum of ethyl (E)-3-(3-bromophenyl)-2-cyanoacrylate C11.
[image: 间溴-氰基乙酸乙酯C]Figure S23. 13C NMR (75 MHz, CDCl3) spectrum of ethyl (E)-3-(3-bromophenyl)-2-cyanoacrylate C11.[image: 邻溴-氰基乙酸乙酯H]
Figure S24. 1H NMR (300 MHz, Chloroform-d) spectrum of ethyl (E)-3-(2-bromophenyl)-2-cyanoacrylate C12.
[image: 邻溴-氰基乙酸乙酯C]
Figure S25. 13C NMR (75 MHz, CDCl3) spectrum of ethyl (E)-3-(2-bromophenyl)-2-cyanoacrylate C12.


image7.emf
CN

CN Br


image8.emf
CN

CN Br


image9.emf
CN

COOEt


image10.emf
CN

COOEt

Br


image11.emf
CN

COOEt

Cl


image12.emf
CN

COOEt

O


image13.emf
NC

COOEt

Br


image14.emf
CN

COOEt

Br


image15.png
F600
£550
F500

F450

F350

F300

F250

F200

F150

k100
F50
50

o

000-—

oTT—

LST—

B (s)

-0.5

0.5

10

T
3.5 3.0 2.5 2.0

T
4.0

4.5

5.0

6.5

7.0

8.0

£1 (ppm)




image16.png
F1700

F1600

k1500

F1400

F1300

F1200

F1100

F1000

F900

800

F700

F600

F500

F400

F300

F200

F100

T T T T T T T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 9 80 70 60 50 40 30 20 10 ]

1 (ppm)




image17.png
= = = = = =
§ &8 & & & &®B & §®§ B 3 &8 2 . %
i i i i i i h i i n h i i L
> [
S
[=
Lo
0211 95 T— [~
Lo
o
o
Lo
= Lo
/l ’
z== [
N v
Lo
@
Lo
©
[w
Lo
Ie|Z8|[5= _ WE_ (N
e = a0 7
2] o= 007
Lo
o
[[es

£1 (ppm)




image18.png
159,00

—s.00

Y

Br

160

150

140

T
130

120

110

100

90
1 (ppm)

80

F5000

F4500

F4000

F3500

F3000

F2500

F2000

F1500

F1000

F500





image19.png
g % 8 8 8 B §§ 8 8 B % 8 8 g
i
.
w7
=
o
o
== = Ko
SN v — Foe
=

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 10 0.5 0.0 -0.5

8.0

8.5

£1 (ppm)




image20.png
F12000
F11000
F10000
F9000
F-8000

F7000
F6000
F5000
F4000
F3000
F2000
F1000
F-1000

1
e
i/

98 68—

18621~
29 081
66 261

98 81—

N

CI

T
100

T
110

T
120

T
130

T
140

£1 (ppm)




image21.png
k1500
F1400
F1300
F1200

F1100

F1000
F900
800

F700

F300

F200

F100

o

F-100

91—

151
5>

I

N
I

167

N
2~

C ()
7.02

.

Fur
Fo

3.5 3.0 2.5 2.0 1.5 0 0.5 0.0

4.0

4.5

6.0 5.5 5.0

6.5

7.0

7.5

8.0

8.5

£1 (ppm)




image22.png
{9000

8500

.51

78. 18

— 15858
133,15
123,69

NI/

/

8000
F7500
(7000
| | 6500
6000

o F5500
HaC (5000
F4500
4000
i 3500
3000

F2500

F2000

F1500

F1000

F500

F-500

T T T T T T
160 150 140 130 120 110 100 90 80 70 &0 50 40 30 20 10




image23.png
Br

/ =, F130

F120

F110

T T
80 75 7.0 65 60 55 50 45 40 35 30 25 20 L5 10 05 00 =05
£1 (ppm)




image24.png
158,65
—ne
7z
iz e

—iz1

N

o Il
J T

L,

T T T T T
70 160 150 140 130 120 110 100 90

1 (ppm)

80

F5000

F4500

F4000

F3500

F3000

F2500

F2000

F1500

F1000

F500

=500





image25.png
Br

l(ppm)





image26.png
18000

159,18

F17000

— 86,39

F16000
‘ | F15000
Br

F14000
F13000
F12000
F11000
F10000
F9000
(8000
F7000
6000
F5000
F4000

I F3000

' 2000
J ‘ F1000
L Lo

F-1000

T T T T T
0 160 130 140 130 120 110 100 80 70 &0 50 40 30 20 10

£1 (ppm)




image27.png
|N\
B [dv),
7|9
7 o. CHy
~ Y 0 fo =)
8.2 436 137
T
C )
7450
J L Jl W L
TT T I
T T T T T T y — T — T —— T T T
16 15 14 13 12 11 10 8 6 4 3 2 1 0 -2 -3

8500

(8000

F7500

F7000

6500

6000

F5500

F5000

F4500

F4000

F3500

F3000

F2500

2000

F1500

F1000

F500

F-500





image28.png
F15000

103,04
103 02
11

F14000

<

F13000

F12000

F11000

F-10000

F9000

8000

F7000

F6000

F5000

F4000

F3000

F2000

F1000

F-1000

T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 30
£1 (ppm)

30 20 10 0 -lo




image29.png
g 8 8 8 8 8 8 8 8 g 2 =2 =2 = =2 =2 = 9 g
EEREEEEEEREEEREERERE I
0o | <
e
L
o i |
. -
ke
S
S5
E
sy S5
i Zh —— 07 | o
7 - E
) \l% tS
<]
z= / b2
[
<
=
@
S

A (s)
8,17

.\.\\.\.\ N
@)
84
E (@
7.63
1
|
L s
75

£1 (ppm)




image30.png
\ O
N
Br | ‘
,
/ 0
oW
CHy
b
|
| : : : ; ' ; : v } : : ; v :
160 150 140 130 120 110 100 90 80 70 60 50 30 20 10

[HYVEY

F9000

8000

F7000

6000

F5000

F4000

F3000

F2000

F1000





image31.png
18000

il SToiIiiiis 17000
F16000

F15000
N 14000

cl H
13000
o
7 F12000
o. F11000
w F10000
B (ddd) Chy
7.91 Leooo
A (m) C (ad) D (pd) E (ddd)

8.17 7.45 4.36 137 Lsooo

7000

6000

! 5000

|

(4000

3000

2000

1000

S to
ry T T T 1000
T
5

T T
70 65 60 55 50 45 40 35 30 25 20 15 L0 05 0.0 0.5
£1 (ppm)

=
@
o

7.




image32.png
42000

f-40000

9. 54

62,86
1416

[-38000
f-36000
[-34000
F-32000
f-30000
28000
a ‘ | [-26000
F-24000

F 0 F22000

o. F20000
W F-18000
F16000
F14000
F12000
F-10000
8000
F6000

F4000

| Ll L

F-2000

T T T T T
160 150 140 130 120 110 100 90 80 70 &0 50 40 30 20 10 0




image33.png
f-30000

28000

26000

F-24000

HyC—O. ‘ | F-22000
/ 0 {20000

[} 18000

CHy 16000

E (dd) D (dd) C (ad) |[Bf(a) A (td)
7.98 6.97 4.35 || 3|87 1.37

o

F14000

F12000

F10000

F-8000

6000

F4000

F2000

F-2000





image34.png
F9000

1897

F8500

99, 16,

<

133,40
133,38
—12.15

F-s000
F7500
H;C—O. m 7000
Fes00
8000
W F5500

CHy 5000
F4500
F4000
Fas00
| 3000
F2500
2000
F1500

| F1000

T T T T T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70

£1 (ppm)

50 30 20 10 0 -lo




image35.png
8 8 8 o o o o o o o o o 8
§ = ¢ g B B 2 8 &8 B ‘8 8B _ %
10°0-— -—

sy
£\
a7
[
e

—

Br

E (@
4.38

C (dd)
7.67

16

A G)

Fre

Fuot
Feon

907
801

0.0

0.5

15 10

2.0

4.0 3.5 3.0 2.5

4.5

5.0

£1 (ppm)




image36.png
8000

6308
1419

F7500

— 16199

—1m
104,63

F7000
F6500

\\ 6000

F5500

0_\ 5000

F4500

Br

F4000

F3500

F3000

F2500

F2000

F1500

F1000

=500

T T T T T T T T T T T
210 200 190 180 170 160 150 140 130 120 110 100 9 8 70 60 50 40 30 20 10

£1 (ppm)

o

-10




image1.png




image37.png
17000

00z

F-16000

F15000

F-14000

F13000

F12000

F11000
F10000

E (dd) w Fa000
7.68

A () |[p (da) C (dtd) F (2 B[ 8000
8.61 8.15 7.40 4.39 1140

F7000

F6000

F5000

F4000

F3000

F2000

F1000

F-1000

]
gl
o]
o]
o]

T T
8.5 8.0 7.5 7.0 65 6.0 5.5 50 45 40 35 320 25 2.0 L5 Lo 05 00 0.5
£1 (ppm)




image38.png
8000

F7500

F-7000
Fes00
F6000
F5500
5000
G 0 L4500

o 4000
Fas00
3000
F2500
2000

F1500

| F1000

=500

T T T T T
70 160 150 140 130 120 110 100 ) 50 70 60 50 40 30 20 10 0
£1 (ppm)




image2.png
O 1s —Cls
N
PANF A
- a
2 J
<
20
2 PANF-E
3
= b
PANF-EC-3/2
Cl2p
. / ]
L A ~

800 700 600 S00 400 300 200 100 O
Binding Energy (eV)




image3.emf
CN

CN


image4.emf
CN

CN

Br


image5.emf
CN

CN

Cl


image6.emf
CN

CN

O


