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1. General Information

Tetraphenylethylene was purchased from Alfa Aesar. Raney Ni, N2H4·H2O, NaSCN were 

purchased from Sinopharm Chemical Reagent Co., Ltd. HNO3, H2SO4 and other reagents were 

analytical grade and purchased from Beijing Chemical Works. All the reagents were used 

without further purification.

1H NMR and 13C NMR spectra were recorded on Bruker Avance 400 MHz. High-

resolution mass spectra (HRMS, ESI) were obtained with Bruker Solarix-FT-ICR MS. UV-Vis 

absorption spectra were recorded on a Perkin Elmer Lambda 750 Spectrophotometer. 

Fluorescence (FL) spectra were collected on a Hitachi F-7100 Fluorescence 

Spectrophotometer. X-ray photoelectron spectroscopy (XPS) spectra were studied on a Thermo 

Fisher Scientific Escalab Xi+ Spectrometer. Scanning electron microscope (SEM) images of 

brass coupons were studied on a Hitachi S-4800 Microscope.

Weight loss experiment procedures. Prior to the experiment, all carbon steel coupons were 

rinsed with absorbent cotton in ethanol and dried in cold air, then weighed by an electronic 

balance with precision of ± 0.1 mg. Then the coupons were immersed into 0.5 M H2SO4 

solutions in the absence or presence of different concentrations of various compounds at 60 oC, 

steadily stirred by a magnetic stir bar. For each measurement, a freshly prepared solution was 

used. The immersion time for carbon steel coupons is 4 h. Then, the coupons were taken out 

from the corrosive medium and rinsed with absorbent cotton in chemical descaling solution 

(10% HCl + 0.5% Urotropin) and deionized water, dried in cold air and weighed with precision 

of ± 0.1 mg, successively. Afterwards, these coupons were used for XPS and SEM studies, 

respectively.
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2. Synthesis and characterization

Upon variation of reactant ratios and reaction time, tetraphenylethylene (TPE) could be 

nitrated into different nitro-substituted tetraphenylethylenes (TPE-NO2, TPE-2NO2, TPE-

3NO2, and TPE-4NO2) with HNO3 and HOAc. Next, they were reduced to corresponding 

amino-substituted tetraphenylethylenes (TPE-NH2, TPE-2NH2, TPE-3NH2, and TPE-4NH2) in 

the presence of Raney Ni and N2H4·H2O. Afterwards, they were respectively reacted with 

H2SO4, giving rise to the intermediate compounds. Subsequently, anion exchange reactions of 

these intermediates with NaSCN led to target compounds (1, 2, 3 and 4). Thereinto, nitro-

substituted tetraphenylethylenes (TPE-NO2, TPE-2NO2, TPE-3NO2, and TPE-4NO2) and 

amino-substituted tetraphenylethylenes (TPE-NH2, TPE-2NH2, TPE-3NH2, and TPE-4NH2) 

were produced in line with literatures [S1-S5].

NO2 NH2

HNO3 Raney Ni

N2H4 H2O

TPE-NO2TPE TPE-NH2

HOAc

NH3

1

SCN-
H2SO4

NaSCN

Synthesis of 1: In a 50 mL round-bottom flask, p-amino-tetraphenylethylene TPE-NH2 

(695 mg, 2.0 mmol) was dissolved in mixed solvent of acetone (10 mL) and ethanol (10 mL). 

Then, concentrated sulfuric acid (110 mg, 1.1 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 dispersed into ethanol (20 

mL) in a 50 mL round-bottom flask. An ethanol (5 mL) solution dissolved with sodium 

thiocyanate (152 mg, 2.0 mmol) was added. The mixture was heated to 50 oC and stirred for 1 
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h. After being cooled to room temperature, the mixture was centrifuged and filtered. The 

organic phase was evaporated and dried in vacuum, to afford 1 as yellow solid (772 mg) in 

94% yield. 1H NMR (400 MHz, DMSO-d6): δ 7.30 − 7.22 (1 H, m), 7.20 − 7.08 (9 H, m), 7.07 

− 7.03 (2 H, m), 7.02 − 6.93 (6 H, m), 6.90 − 6.86 (1 H, d); 13C NMR (100 MHz, DMSO-d6): 

δ 143.24, 142.96, 142.80, 141.09, 140.29, 140.12, 139.46, 131.95, 130.93, 130.60, 129.56, 

127.93, 126.67, 126.53, 121.75, 121.40; HRMS (ESI, positive): calcd. for C26H22N (m/z): 

348.17468; found: 348.17462.

NO2 NH2

HNO3 Raney Ni

N2H4 H2O

TPE-2NO2TPE TPE-2NH2

HOAc

NH3

2

2 SCN-
H2SO4

NaSCN

O2N H2N H3N

Synthesis of 2: In a 50 mL round-bottom flask, bis-p-amino-tetraphenylethylene 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 dispersed into ethanol (20 

mL) was stirred in a 50 mL round-bottom flask. An ethanol (5 mL) solution dissolved with 

sodium thiocyanate (324 mg, 4.0 mmol) was added. The mixture was 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 2 as yellow solid 

(902 mg) in 94% 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, 
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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.

NO2 NH2

HNO3 Raney Ni

N2H4 H2O

TPE-3NO2TPE TPE-3NH2

HOAc

NH3

3

3 SCN-
H2SO4

NaSCN

O2N H2N H3NNO2 NH3NH2

Synthesis of 3: In a 50 mL round-bottom flask, tri-p-amino-tetraphenylethylene TPE-

3NH2 (755 mg, 2.0 mmol) was dissolved in mixed solvent of acetone (15 mL) and ethanol (15 

mL). Then, concentrated sulfuric acid (330 mg, 3.3 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 dispersed into ethanol (20 

mL) was stirred in a 50 mL round-bottom flask. An ethanol (5 mL) solution dissolved with 

sodium thiocyanate (486 mg, 6.0 mmol) was added. The mixture was 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 3 as yellow solid 

(1045 mg) in 94% yield. 1H NMR (400 MHz, DMSO-d6): δ 7.34 − 7.21 (4 H, m), 7.20 − 7.06 

(4 H, m), 7.05 − 6.95 (3 H, m), 6.94 − 6.76 (6 H, m); 13C NMR (100 MHz, DMSO-d6): δ 142.82, 

140.90, 140.67, 140.11, 138.98, 133.68, 133.16, 132.73, 131.91, 130.60, 128.18, 128.03, 

126.80, 121.26; HRMS (ESI, positive): calcd. for C26H24N3 [M − 2H+] (m/z): 378.19647; 

found: 378.19655.
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NO2 NH2

HNO3 Raney Ni

N2H4 H2O

TPE-4NO2TPE TPE-4NH2

NH3

4

4 SCN-
H2SO4

NaSCN

O2N H2N H3NNO2

O2N

NH2

H2N

NH3

H3N

Synthesis of 4: In a 50 mL round-bottom flask, tetra-p-amino-tetraphenylethylene TPE-

4NH2 (785 mg, 2.0 mmol) was dissolved in mixed solvent of acetone (15 mL) and ethanol (15 

mL). Then, concentrated sulfuric acid (440 mg, 4.4 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 dispersed into ethanol (20 

mL) was stirred in a 50 mL round-bottom flask. An ethanol (5 mL) solution dissolved with 

sodium thiocyanate (649 mg, 8.0 mmol) was added. The mixture was 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 4 as yellow solid 

(1170 mg) in 93% yield. 1H NMR (400 MHz, DMSO-d6): δ 7.40 − 7.35 (8 H, d), 7.12 − 7.07 

(8 H, d); 13C NMR (100 MHz, DMSO-d6): δ 140.94, 139.28, 131.98, 129.89, 121.56; HRMS 

(ESI, positive): calcd. for C26H25N4 [M − 3H+] (m/z): 393.20737; found: 393.20744.
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3. Corrosion inhibitors for carbon steel in literature

Table S1. List of corrosion inhibitors for carbon steel in 0.5 M H2SO4 in literature.
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4. SEM images
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(i)                              (j)

    

(k)                              (l)

Fig. S1. SEM images of carbon steel coupons in the presence of increasing concentrations of 

1 after weight loss measurements. (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) 100 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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(i)                              (j)

    

(k)                              (l)

Fig. S2. SEM images of carbon steel coupons in the presence of increasing concentrations of 

2 after weight loss measurements. (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) 100 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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Fig. S3. SEM images of carbon steel coupons in the presence of increasing concentrations of 

3 after weight loss measurements. (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) 100 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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Fig. S4. SEM images of carbon steel coupons in the presence of increasing concentrations of 

4 after weight loss measurements. (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) 100 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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5. Electrochemical measurements
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Fig. S5. PDP curves for carbon steel in the absence or presence of various concentrations of 

(a) 1, (b) 2, (c) 3 and (d) 4 in 0.5 M H2SO4.
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Table S2. Electrochemical parameters of carbon steel in the absence or presence of different 

concentrations of TPE-based inhibitors by PDP 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 \

20 1006.0 -0.507 126.9 95.9 40.9

40 1149.0 -0.509 132.9 102.0 32.5

70 212.2 -0.474 145.1 75.7 87.5
1

100 57.5 -0.502 141.7 48.1 96.6

20 166.2 -0.477 155.7 92.7 90.2

40 97.3 -0.465 139.3 77.2 94.3

70 97.3 -0.467 140.5 80.4 94.3
2

100 55.1 -0.427 203.2 51.5 96.8

20 126.9 -0.464 165.4 81.8 92.5

40 106.3 -0.470 160.1 74.8 93.8

70 58.0 -0.500 145.8 50.7 96.6
3

100 32.2 -0.481 140.7 44.5 98.1

20 43.7 -0.482 107.9 52.6 97.4

40 44.7 -0.488 111.3 64.7 97.4

70 65.1 -0.482 114.8 80.1 96.2
4

100 35.6 -0.493 99.1 118.4 97.9
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Fig. S6. EIS curves for carbon steel in the absence or presence of various concentrations of (a) 

1, (b) 2, (c) 3 and (d) 4 in 0.5 M H2SO4.
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Table S3. Electrochemical parameters of carbon steel in the absence or presence of different 

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

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

Blank — 2.7 11.8 —

20 2.0 27.66 57.3

40 2.8 26.31 55.2

70 2.1 105.6 88.8
1

100 2.8 162.3 92.7

20 2.4 146.6 92.0

40 1.6 156.5 92.5

70 1.5 192.2 93.9
2

100 1.9 287.9 95.9

20 3.0 140.1 91.6

40 2.6 191.0 93.8

70 2.2 201.2 94.1
3

100 3.8 331.5 96.4

20 3.4 170.5 93.1

40 3.9 237.9 95.0

70 3.1 232.2 94.9
4

100 3.0 383.0 96.9
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