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1.1. Preparation of cationic inhibitor 
Three Gemini surfactants with different hydrophobic tail were synthesized via two simple steps outlined in Scheme S1. Stoichiometric amounts of 1,2-(dimethylamino)ethylamine (100 mM, 8.8 g) and p-dimethylaminobenzaldehyde (100 mM, 14.9 g) were dissolved in 120 mL of absolute ethanol. The reaction mixture was refluxed for 6 h to afford the corresponding Schiff base. The structure of the product was confirmed by Fourier transform infrared (FTIR) and 1HNMR (Fig. S1 and S2, respectively). The second step involved quaternization of the prepared Schiff base with three different alkyl bromides. Briefly, 10 mM (2.19 g) of the Schiff base was refluxed with 20 mM of decyl bromide (4.4 g), dodecyl bromide (4.68 g), or hexadecyl bromide (6.08 g) for 36 h in 100 mL of ethanol. The progress of the reaction was monitored by thin-layer chromatography and FTIR. Subsequently, the reaction mixture was dried in an oven until obtaining constant weight. The crude product was recrystallized with diethyl ether to afford three Schiff base-based cationic Gemini surfactants, which were denoted as GSBI8, GSBI12, and GSBI16 (Scheme S1).

Fig. S1 illustrates the FTIR spectrum of prepared Schiff base. The small band at 3034 cm−1 corresponded to the C–H bond of the benzene ring, while the bands at 2929 and 2857 cm−1 were ascribed to the symmetric and asymmetric stretching of the C–H bonds in the methylene groups. The band at 1646 cm−1 corresponded to the C=N group, whereas the bands at 1579 and 1518 cm−1 were ascribed to the stretching of the C=C–C.

Fig. S2, illustrate 1HNMR analysis of the synthesized Schiff base, showing the following signals: δ (ppm) 2.88 (d, 2H, (CH3)2N–CH2–CH2–N=CH–Ph–N–(CH3)2), δ 2.99 (m, 6H, (CH3)2N–(CH2)2–N=CH–Ph–N–(CH3)2), δ 3.29 (m, 6H, (CH3)2N–(CH2)2–N=CH–Ph–N–(CH3)2), δ 3.39 (b, 2H, (CH3)2N–CH2–CH2–N=CH–Ph–N–(CH3)2), δ 6.7 (d, 2H, meta-aromatic protons), δ 7.4 (d, 2H, ortho-aromatic protons), and δ 8.54 (s, 1H, –N=CH–Ph).
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Scheme (S1): Synthesis of Schiff base-based cationic Gemini surfactants GSBI8, GSBI12, and GSBI16.
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[image: A picture containing diagram

Description automatically generated]
Fig. S2: 1H NMR spectrum of the synthesized Schiff base.

Fig. S3 illustrates the FTIR spectra of the synthesized Gemini cationic surfactants GSBI8, GSBI8, and GSBI8. The band detected at approximately 1658 cm−1 corresponded to the azomethine group. Moreover, the bands at 2920 and 2820 cm−1 were ascribed to the asymmetric and symmetric vibrational stretching of the aliphatic CH group, respectively. Notably, these bands exhibited higher intensity than the corresponding peaks in the spectra of the Schiff base compounds (Fig. S1). This was attributed to the change in the hydrophobic chain length. The broad band at 3419 cm−1 in the spectra of GSBI8, GSBI8, and GSBI8 corresponded to the vibration of H2O molecules, which were present due to the hydrophilic nature of the quaternary ammonium salts [1-3]. 
 Fig. S4 illustrates the 1H NMR spectrum of GSBI16. The NMR data confirmed the structure of the Gemini surfactant. The following signals were detected: δ (ppm) 0.85 (t, 6H, 2 × CH3), δ 1.25 (m, 52H, 2 × (CH3)2+NCH2CH2(CH2)13CH3), δ 1.66 (t, 4H, 2 × (CH3)2+NCH2CH2(CH2)13CH3), δ 1.97 (m, 4H, −2 (CH3)2+NCH2CH2 (CH2)13CH3), δ 2.88 (d, 2H, CH3(CH2)13CH2CH2(CH3)2N+CH2CH2N=), δ 3.03 (t, 4H, 2CH3(CH2)13CH2CH2(CH3)2N+CH2CH2N=), δ 3.29–3.48 (m, 12H, –(CH3)2N+CH2CH2N=CH–Ph–+N(CH3)2), δ 6.8 (d, 2H, meta-aromatic protons), and δ 7.7 (d, 2H, ortho-aromatic protons), δ 9.68 (s, 1H, –N=CH–Ph–).
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Fig. S3: FTIR spectrum of the synthesized gemini inhibitors. 
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Fig. S4: 1H NMR spectrum of the synthesized GSBI16 inhibitor.



1.2. Surface examination of steel
The steel surface before and after treatment with the synthesized zwitterionic surfactants-based Schiff base were conducted via X-ray photoelectron spectroscopy (XPS), scanning electron microscope (SEM), and atomic force microscope (AFM). The mild steel specimens with surface area of 1 cm2 were analyzed after immersion in 1M HCl with and without addition of 1000 μM ppm of the GSBO, GSBD, and GSBH inhibitors individually for 24 h at 25 °C. They were taken out from the solution, rinsed with acetone and dried. The surface analysis of the specimens was carried out using AFM. The XPS spectra were recorded with K-ALPHA (Themo Fisher Scientific, USA) with monochromatic X-ray Al K-alpha radiation -10 to 1350 eV spot size 400 micro at pressure 10-9 mbar with full spectrum pass energy 200 eV and at narrow spectrum 50 eV.
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Fig. S5: Relationship between Ln K/T and the reciprocal of the temperature of different concentrations from the inhibitors (a) GSBI8, (b) GSBI12 and (c) GSBI16.
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Fig. S6: AFM of the steel surface after immersing in 1000 M of the synthesized gemini cationic inhibitors based on Schiff base GSBI8, GSBI12, and GSBI16.
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