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1. Synthesis and characterization

TPE-2NO2 and TPE-2NH2 were prepared according to literatures [S1-S5].

Synthesis of TPE-2NH3·SO4: In a 50 mL round-bottom flask, TPE-2NH2 (724 mg, 2.0 mmol) 

was dissolved in mixed solvent of acetone (15 mL) and ethanol (15 mL). Then, concentrated sulfuric 

acid (220 mg, 2.2 mmol) was added slowly, with emergence of insoluble sediment immediately. The 

mixture was stirred for 30 min and filtered. The residue was washed with ethanol for more than three 

times. Then, it was collected and dried in vacuum, to afford TPE-2NH3·SO4 as yellow solid (883 mg) 

in 96% yield. 1H NMR (400 MHz, DMSO-d6): δ 7.17 − 7.08 (6 H, m), 7.05 − 6.83 (12 H, m); 13C 

NMR (100 MHz, DMSO-d6): δ 146.96, 144.95, 141.78, 135.32, 131.81, 131.07, 130.84, 127.59, 

125.43; HRMS (ESI, positive): calcd. for C26H23N2 [M − H+] (m/z): 363.18558; found: 363.18566.

Synthesis of TPE-2NH3·2SCN: A suspension of TPE-2NH3·SO4 (690 mg, 1.5 mmol) in ethanol 

(20 mL) was stirred in a 50 mL round-bottom flask. Then, an ethanol (5 mL) solution dissolved with 

NaSCN (243 mg, 3.0 mmol) was added, heated to 50 oC and stirred for 1 h. After being cooled to room 

temperature, the mixture was centrifuged and filtered. The organic phase was evaporated and dried in 

vacuum, to afford TPE-2NH3·2SCN as yellow solid (670 mg) in 93% yield. 1H NMR (400 MHz, 

DMSO-d6): δ 7.20 − 7.11 (6 H, m), 7.10 − 7.03 (8 H, m), 7.01 − 6.95 (4 H, d); 13C NMR (100 MHz, 

DMSO-d6): δ 142.76, 141.76, 138.45, 131.99, 131.55, 130.58, 129.78, 128.07, 126.88, 122.00; HRMS 

(ESI, positive): calcd. for C26H23N2 [M − H+] (m/z): 363.18558; found: 363.18574. calcd. for 

C26H22N2Na [M − 2H+ + Na+] (m/z): 385.16752; found: 385.16772.

Synthesis of TPE-2NH3·2Cl: In a 50 mL round-bottom flask, TPE-2NH2 (363 mg, 1.0 mmol) 

was dissolved in mixed solvent of acetone (15 mL) and ethanol (15 mL). Then, concentrated 

hydrochloric acid (223 mg, 2.2 mmol) was added slowly, with emergence of insoluble sediment 

immediately. The mixture was stirred for 30 min and filtered. The residue was washed with acetone 

for more than three times. Then, it was collected and dried in vacuum, to afford TPE-2NH3·2Cl as 

yellow solid (413 mg) in 95% yield. 1H NMR (400 MHz, DMSO-d6): δ 7.18 − 7.11 (6 H, m), 7.09 − 

7.01 (8 H, m), 7.00 − 6.95 (4 H, d); 13C NMR (100 MHz, DMSO-d6): δ 142.75, 141.09, 138.59, 131.73, 

130.38, 127.80, 126.54, 120.96; HRMS (ESI, positive): calcd. for C26H23N2 [M − H+] (m/z): 

363.18558; found: 363.18576.
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Synthesis of TPE-2NH3·2Br: In a 50 mL round-bottom flask, TPE-2NH2 (363 mg, 1.0 mmol) 

was dissolved in mixed solvent of acetone (15 mL) and ethanol (15 mL). Then, 40% hydrobromic acid 

(445 mg, 2.2 mmol) was added slowly, with emergence of insoluble sediment immediately. The 

mixture was stirred for 30 min and filtered. The residue was washed with ethanol for more than three 

times. Then, it was collected and dried in vacuum, to afford TPE-2NH3·2Br as yellow solid (498 mg) 

in 95% yield. 1H NMR (400 MHz, DMSO-d6): δ 7.20 − 7.11 (6 H, m), 7.10 − 7.03 (8 H, m), 7.01 − 

6.95 (4 H, d); 13C NMR (100 MHz, DMSO-d6): δ 142.71, 141.62, 138.43, 131.89, 130.50, 127.97, 

126.77, 121.78; HRMS (ESI, positive): calcd. for C26H23N2 [M − H+] (m/z): 363.18558; found: 

363.18558.

Synthesis of TPE-2NH3·2NO3: In a 50 mL round-bottom flask, TPE-2NH2 (363 mg, 1.0 mmol) 

was dissolved in mixed solvent of acetone (15 mL) and ethanol (15 mL). Then, concentrated nitric 

acid (214 mg, 2.2 mmol) was added slowly, with emergence of insoluble sediment immediately. The 

mixture was stirred for 30 min and filtered. The residue was washed with ethanol for more than three 

times. Then, it was collected and dried in vacuum, to afford TPE-2NH3·2NO3 as brown solid (460 mg) 

in 94% yield. 1H NMR (400 MHz, DMSO-d6): δ 7.20 − 7.10 (6 H, m), 7.05 − 6.98 (8 H, m), 6.98 − 

6.94 (4 H, d); 13C NMR (100 MHz, DMSO-d6): δ 142.84, 141.31, 138.60, 131.90, 130.52, 127.96, 

126.71, 121.28; HRMS (ESI, positive): calcd. for C26H23N2 [M − H+] (m/z): 363.18558; found: 

363.18536.

Synthesis of TPE-2NH3·2NH2SO3: In a 50 mL round-bottom flask, TPE-2NH2 (363 mg, 1.0 

mmol) was dissolved in mixed solvent of acetone (15 mL) and ethanol (15 mL). Then, sulfamic acid 

(214 mg, 2.2 mmol) was added slowly, with emergence of insoluble sediment immediately. The 

mixture was stirred for 30 min and filtered. The residue was washed with ethanol for more than three 

times. Then, it was collected and dried in vacuum, to afford TPE-2NH3·2NH2SO3 as yellow solid (512 

mg) in 92% yield. 1H NMR (400 MHz, DMSO-d6): δ 7.20 − 7.14 (4 H, m), 7.14 − 7.08 (3 H, m), 7.03 

− 6.93 (11 H, m); 13C NMR (100 MHz, DMSO-d6): δ 146.31, 144.87, 141.65, 135.61, 131.83, 131.57, 

130.85, 127.64, 125.52; HRMS (ESI, positive): calcd. for C26H23N2 [M − H+] (m/z): 363.18558; found: 

363.18548.
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Fig. S1 1H NMR spectrum of TPE-2NH3·SO4.

Fig. S2 13C NMR spectrum of TPE-2NH3·SO4.
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Fig. S3 1H NMR spectrum of TPE-2NH3·2SCN.

Fig. S4 13C NMR spectrum of TPE-2NH3·2SCN.
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Fig. S5 1H NMR spectrum of TPE-2NH3·2Cl.

Fig. S6 13C NMR spectrum of TPE-2NH3·2Cl.
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Fig. S7 1H NMR spectrum of TPE-2NH3·2Br.

Fig. S8 13C NMR spectrum of TPE-2NH3·2Br.
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Fig. S9 1H NMR spectrum of TPE-2NH3·2NO3.

Fig. S10 13C NMR spectrum of TPE-2NH3·2NO3.
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Fig. S11 1H NMR spectrum of TPE-2NH3·2NH2SO3.

Fig. S12 13C NMR spectrum of TPE-2NH3·2NH2SO3.
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2. UV-Vis absorption spectra
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Fig. S13 (a) UV-Vis absorption spectra of the solutions of TPE-2NH3·SO4 with various concentrations 

in ethanol. (b) Variation of absorption intensity at 330 nm against concentration.
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Fig. S14 (a) UV-Vis absorption spectra of the solutions of TPE-2NH3·2Cl with various concentrations 

in ethanol. (b) Variation of absorption intensity at 330 nm against concentration.
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Fig. S15 (a) UV-Vis absorption spectra of the solutions of TPE-2NH3·2Br with various concentrations 

in ethanol. (b) Variation of absorption intensity at 330 nm against concentration.
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Fig. S16 (a) UV-Vis absorption spectra of the solutions of TPE-2NH3·2NO3 with various 

concentrations in ethanol. (b) Variation of absorption intensity at 330 nm against concentration.

    
200 250 300 350 400 450

0

1

2

3

4

A
bs

 / 
(a

. u
.)

Wavelength / nm

 2.5 mg/L
 5 mg/L
 7.5 mg/L
 10 mg/L
 15 mg/L
 20 mg/L
 30 mg/L
 40 mg/L

(a)

0 10 20 30 40
0.0

0.2

0.4

0.6

0.8

1.0

A
bs

 / 
(a

. u
.)

c / (mg/L)

Abs = 0.02014 c + 0.00640
R2 = 0.99376

(b)

Fig. S17 (a) UV-Vis absorption spectra of the solutions of TPE-2NH3·2NH2SO3 with various 

concentrations in ethanol. (b) Variation of absorption intensity at 334 nm against concentration.
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Fig. S18 UV-Vis absorption spectra of the solutions of 40 mg/L TPE-based dicationic compounds in 

ethanol.
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3. AIE characteristic study

Fig. S19 Photograph of TPE-2NH3·SO4 in ethanol/water mixtures with increasing water volume 

fractions (fwater) under 365 nm UV light excitation. Concentration: 40 mg/L.
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Fig. S20 (a) Emission spectra of TPE-2NH3·SO4 in ethanol/water mixtures with 365 nm UV light 

excitation. Concentration: 40 mg/L. (b) Variation of fluorescence intensity at 457 nm against fwater.

Fig. S21 Photograph of TPE-2NH3·2Cl in ethanol/water mixtures with increasing water volume 

fractions (fwater) under 365 nm UV light excitation. Concentration: 40 mg/L.
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Fig. S22 (a) Emission spectra of TPE-2NH3·2Cl in ethanol/water mixtures with 365 nm UV light 

excitation. Concentration: 40 mg/L. (b) Variation of fluorescence intensity at 492 nm against fwater.

Fig. S23 Photograph of TPE-2NH3·2Br in ethanol/water mixtures with increasing water volume 

fractions (fwater) under 365 nm UV light excitation. Concentration: 40 mg/L.
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Fig. S24 (a) Emission spectra of TPE-2NH3·2Br in ethanol/water mixtures with 365 nm UV light 

excitation. Concentration: 40 mg/L. (b) Variation of fluorescence intensity at 484 nm against fwater.
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Fig. S25 Photograph of TPE-2NH3·2NO3 in ethanol/water mixtures with increasing water volume 

fractions (fwater) under 365 nm UV light excitation. Concentration: 40 mg/L.
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Fig. S26 (a) Emission spectra of TPE-2NH3·2NO3 in ethanol/water mixtures with 365 nm UV light 

excitation. Concentration: 40 mg/L. (b) Variation of fluorescence intensity at 486 nm against fwater.

Fig. S27 Photograph of TPE-2NH3·2NH2SO3 in ethanol/water mixtures with increasing water volume 

fractions (fwater) under 365 nm UV light excitation. Concentration: 40 mg/L.
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Fig. S28 (a) Emission spectra of TPE-2NH3·2NH2SO3 in ethanol/water mixtures with 365 nm UV 

light excitation. Concentration: 40 mg/L. (b) Variation of fluorescence intensity at 457 nm against 

fwater.
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Fig. S29 Emission spectra of 40 mg/L TPE-based dicationic compounds in ethanol/water mixtures 

with maximum fluorescence intensity under 365 nm UV light excitation.
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4. Electrochemical measurements

Figure S30 Equivalent electrical circuit models used to fit EIS data: in 0.5 M H2SO4 (left) and in 0.5 

M H2SO4 in presence of TPE-based compounds (right).
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Fig. S31 EIS curves for 20# steel in the absence or presence of various concentrations of (a) TPE-

2NH3·2SCN; (b) TPE-2NH3·SO4; (c) TPE-2NH3·2Cl; (d) TPE-2NH3·2Br; (e) TPE-2NH3·2NO3; (f) 

TPE-2NH3·2NH2SO3.
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Table S1 Electrochemical parameters of 20# steel in the absence or presence of different 

concentrations of TPE-based dicationic compounds by EIS measurements in 0.5 M H2SO4.

Inhibitor c / (mg/L) Rs / (Ω/cm2) Rct / (Ω/cm2) ηE / %

Blank — 2.7 11.8 —

40 1.6 156.5 92.5

70 1.5 192.2 93.9TPE-2NH3·2SCN

100 1.9 287.9 95.9

40 3.3 18.6 36.5

70 1.9 29.4 59.9TPE-2NH3·SO4

100 3.8 27.9 57.7

40 1.9 20.8 43.4

70 2.2 35.0 66.3TPE-2NH3·2Cl

100 2.1 35.1 66.4

40 4.7 19.9 40.8

70 3.2 32.5 63.7TPE-2NH3·2Br

100 2.5 34.0 65.3

40 3.3 20.5 42.3

70 2.9 31.1 62.1TPE-2NH3·2NO3

100 3.2 22.7 48.1

40 3.9 15.4 23.5

70 3.0 18.5 36.4TPE-2NH3·2NH2SO3

100 2.7 22.8 48.3
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Fig. S32 EIS curves for H62 brass in the absence or presence of various concentrations of (a) TPE-

2NH3·2SCN; (b) TPE-2NH3·SO4; (c) TPE-2NH3·2Cl; (d) TPE-2NH3·2Br; (e) TPE-2NH3·2NO3; (f) 

TPE-2NH3·2NH2SO3.
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Table S2 Electrochemical parameters of H62 brass in the absence or presence of different 

concentrations of TPE-based dicationic compounds by EIS measurements in 0.5 M H2SO4.

Inhibitor c / (mg/L) Rs / (Ω/cm2) Rct / (Ω/cm2) ηE / %

Blank — 2.0 331.2 —

40 2.1 5492.0 94.0

70 2.5 6515.0 94.9TPE-2NH3·2SCN

100 2.9 6773.0 95.1

40 1.1 341.1 2.9

70 1.6 400.8 17.4TPE-2NH3·SO4

100 1.3 508.0 34.8

40 2.2 312.9 -5.8

70 1.4 497.8 33.5TPE-2NH3·2Cl

100 1.3 495.2 33.1

40 2.3 1104.0 70.0

70 1.8 1610.0 79.4TPE-2NH3·2Br

100 2.1 1650.8 79.9

40 1.8 597.9 44.6

70 1.5 554.2 40.2TPE-2NH3·2NO3

100 1.5 534.0 38.0

40 2.3 502.1 34.0

70 2.3 659.8 49.8TPE-2NH3·2NH2SO3

100 2.3 559.7 40.8
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Fig. S33 PDP curves for 20# steel in the absence or presence of various concentrations of (a) TPE-

2NH3·2SCN; (b) TPE-2NH3·SO4; (c) TPE-2NH3·2Cl; (d) TPE-2NH3·2Br; (e) TPE-2NH3·2NO3; (f) 

TPE-2NH3·2NH2SO3.
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Table S3 Electrochemical parameters of 20# steel in the absence or presence of different 

concentrations of TPE-based dicationic compounds by potentiodynamic polarization measurements in 

0.5 M H2SO4.

Inhibitor c/(mg/L) Icorr/(μA/cm2) Ecorr/V βc/(mV/dec) βa/(mV/dec) ηP/%

Blank — 1701.0 -0.503 146.3 113.2 —

40 97.3 -0.465 139.3 77.2 94.3

70 97.3 -0.467 140.5 80.4 94.3TPE-2NH3·2SCN

100 55.1 -0.427 203.2 51.5 96.8

40 1046.0 -0.479 136.6 109.2 38.5

70 621.9 -0.489 126.1 71.9 63.4TPE-2NH3·SO4

100 718.0 -0.481 136.0 100.8 57.8

40 1331.0 -0.446 135.2 154.9 21.8

70 1155.0 -0.435 142.0 170.4 32.1TPE-2NH3·2Cl

100 786.1 -0.433 149.3 163.3 53.8

40 1096.0 -0.487 144.2 123.0 35.6

70 631.5 -0.479 131.1 96.5 62.9TPE-2NH3·2Br

100 489.3 -0.495 124.3 88.6 71.2

40 1143.1 -0.489 155.4 127.6 32.8

70 844.7 -0.45 132.9 145.6 50.3TPE-2NH3·2NO3

100 589.0 -0.478 166.8 139.6 65.4

40 1794.0 -0.444 142.3 167.1 -5.5

70 1757.0 -0.441 141.2 182.2 -3.3TPE-2NH3·2NH2SO3

100 827.6 -0.439 142.3 155.0 51.3
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Fig. S34 PDP curves for H62 brass in the absence or presence of various concentrations of (a) TPE-

2NH3·2SCN; (b) TPE-2NH3·SO4; (c) TPE-2NH3·2Cl; (d) TPE-2NH3·2Br; (e) TPE-2NH3·2NO3; (f) 

TPE-2NH3·2NH2SO3.
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Table S4 Electrochemical parameters of H62 brass in the absence or presence of different 

concentrations of TPE-based dicationic compounds by potentiodynamic polarization measurements in 

0.5 M H2SO4.

Inhibitor c/(mg/L) Icorr/(μA/cm2) Ecorr/V βc/(mV/dec) βa/(mV/dec) ηP/%

Blank — 84.7 -0.073 227.0 55.0 —

40 22.8 -0.222 366.3 180.6 73.1

70 10.9 -0.249 246.1 164.8 87.1TPE-2NH3·2SCN

100 7.1 -0.302 147.1 180.0 91.7

40 90.3 -0.074 224.6 68.4 -6.6

70 67.7 -0.077 211.1 59.3 20.1TPE-2NH3·SO4

100 44.7 -0.079 264.9 54.3 47.2

40 62.2 -0.106 206.7 92.3 26.5

70 36.5 -0.138 193.8 105.0 57.0TPE-2NH3·2Cl

100 31.0 -0.141 205.1 109.0 63.5

40 35.5 -0.234 186.9 232.8 58.1

70 27.3 -0.187 159.8 95.7 67.8TPE-2NH3·2Br

100 36.4 -0.245 177.5 213.1 57.0

40 42.0 -0.16 214.3 102.0 50.4

70 39.0 -0.155 266.1 99.3 54.0TPE-2NH3·2NO3

100 31.3 -0.133 184.6 94.6 63.0

40 77.9 -0.106 210.7 143.4 8.1

70 41.6 -0.144 210.3 114.7 50.9TPE-2NH3·2NH2SO3

100 32.6 -0.137 165.7 104.1 61.5
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5. SEM images

    
(a)                                 (b)

    
(c)                                 (d)

    
(e)                                 (f)

    
(g)                                 (h)
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(i)                                 (j)

    
(k)                                 (l)

Fig. S35 SEM images of 20# steel coupons in the presence of different concentrations of TPE-

2NH3·2SCN after weight loss experiment: (a, b) 5 mg/L; (c, d) 10 mg/L; (e, f) 20 mg/L; (g, h) 40 

mg/L; (i, j) 70 mg/L; (k, l) 200 mg/L. Scale: 100 μm for (a, c, e, g, i, k) and 10 μm for (b, d, f, h, j, l).
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(a)                                 (b)

    
(c)                                 (d)

Fig. S36 SEM images of 20# steel coupons in the presence of different concentrations of TPE-

2NH3·SO4 after weight loss experiment: (a, b) 40 mg/L; (c, d) 70 mg/L. Scale: 100 μm for (a, c) and 

10 μm for (b, d).
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(a)                                 (b)

    
(c)                                 (d)

Fig. S37 SEM images of 20# steel coupons in the presence of different concentrations of TPE-

2NH3·2Cl after weight loss experiment: (a, b) 40 mg/L; (c, d) 70 mg/L. Scale: 100 μm for (a, c) and 

10 μm for (b, d).
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(a)                                 (b)

    
(c)                                 (d)

Fig. S38 SEM images of 20# steel coupons in the presence of different concentrations of TPE-

2NH3·2Br after weight loss experiment: (a, b) 40 mg/L; (c, d) 70 mg/L. Scale: 100 μm for (a, c) and 

10 μm for (b, d).
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(a)                                 (b)

    
(c)                                 (d)

Fig. S39 SEM images of 20# steel coupons in the presence of different concentrations of TPE-

2NH3·2NO3 after weight loss experiment: (a, b) 40 mg/L; (c, d) 70 mg/L. Scale: 100 μm for (a, c) and 

10 μm for (b, d).
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(a)                                 (b)

    
(c)                                 (d)

Fig. S40 SEM images of 20# steel coupons in the presence of different concentration of TPE-

2NH3·2NH2SO3 after weight loss experiment: (a, b) 40 mg/L; (c, d) 70 mg/L. Scale: 100 μm for (a, c) 

and 10 μm for (b, d).
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(a)                                 (b)

Fig. S41 SEM images of H62 coupon in the presence of 70 mg/L TPE-2NH3·2SCN after weight loss 

experiment. Scale: (a) 100 μm; (b) 10 μm.

    
(a)                                 (b)

Fig. S42 SEM images of H62 coupon in the presence of 70 mg/L TPE-2NH3·SO4 after weight loss 

experiment. Scale: (a) 100 μm; (b) 10 μm.

    
(a)                                 (b)

Fig. S43 SEM images of H62 coupon in the presence of 70 mg/L TPE-2NH3·2Cl after weight loss 

experiment. Scale: (a) 100 μm; (b) 10 μm.
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(a)                                 (b)

Fig. S44 SEM images of H62 coupon in the presence of 70 mg/L TPE-2NH3·2Br after weight loss 

experiment. Scale: (a) 100 μm; (b) 10 μm.

    
(a)                                 (b)

Fig. S45 SEM images of H62 coupon in the presence of 70 mg/L TPE-2NH3·2NO3 after weight loss 

experiment. Scale: (a) 100 μm; (b) 10 μm.

    
Fig. S46 SEM images of H62 coupon in the presence of 70 mg/L TPE-2NH3·2NH2SO3 after weight 

loss experiment. Scale: (a) 100 μm; (b) 10 μm.
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6. XPS data
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Fig. S47 The XPS full spectra of 20# steel coupons: (a) new coupon before corrosion; (b) blank sample 

after weight loss experiment; in the presence of 100 mg/L (c) TPE-2NH3·2SCN, (d) TPE-2NH3·SO4, 

(e) TPE-2NH3·2Cl, (f) TPE-2NH3·2Br, (g) TPE-2NH3·2NO3, (h) TPE-2NH3·2NH2SO3 after weight 

loss experiment.



S36

    
1000 800 600 400 200 0

0

100000

200000

300000

400000

C
ou

nt
s /

 s

Binding Energy / eV

 New Coupon(a)

1000 800 600 400 200 0
0

100000

200000

300000

400000

C
ou

nt
s /

 s

Binding Energy / eV

 Blank(b)

    
1000 800 600 400 200 0

0

100000

200000

300000

400000

C
ou

nt
s /

 s

Binding Energy / eV

 TPE-2NH3·2SCN(c)

1000 800 600 400 200 0
0

100000

200000

300000

400000

C
ou

nt
s /

 s

Binding Energy / eV

(d)  TPE-2NH3·SO4

    
1400 1200 1000 800 600 400 200 0
0

100000

200000

300000

400000

C
ou

nt
s /

 s

Binding Energy / eV

(e)  TPE-2NH3·2Cl

1400 1200 1000 800 600 400 200 0
0

100000

200000

300000

400000

C
ou

nt
s /

 s

Binding Energy / eV

(f)  TPE-2NH3·2Br

    
1400 1200 1000 800 600 400 200 0
0

100000

200000

300000

400000

C
ou

nt
s /

 s

Binding Energy / eV

(g)  TPE-2NH3·2NO3

1400 1200 1000 800 600 400 200 0
0

100000

200000

300000

400000

C
ou

nt
s /

 s

Binding Energy / eV

(h)  TPE-2NH3·2NH2SO3

Fig. S48 The XPS full spectra of H62 brass coupons: (a) new coupon before corrosion; (b) blank 

sample after weight loss experiment; in the presence of 100 mg/L (c) TPE-2NH3·2SCN, (d) TPE-

2NH3·SO4, (e) TPE-2NH3·2Cl, (f) TPE-2NH3·2Br, (g) TPE-2NH3·2NO3, (h) TPE-2NH3·2NH2SO3 

after weight loss experiment.
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7. Corrosion inhibitors in literature

Table S5 List of corrosion inhibitors for carbon steel in literature.
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Table S6 List of corrosion inhibitors for brass in literature.
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8. Grand Canonical Monte Carlo (GCMC) Calculations

    

Fig. S49 Side view (left) and top view (right) of equilibrium adsorption configuration for TPE-

2NH3·2SCN on steel obtained by GCMC simulation in solution.

    

Fig. S50 Side view (left) and top view (right) of equilibrium adsorption configuration for TPE-

2NH3·2SCN on brass obtained by GCMC simulation in solution.
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