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Supporting Information 1

[bookmark: I4]Synthesis and Characterization of Employed Compounds
[bookmark: I1]General methods
Materials.
All common reagents and solvents were purchased from Aldrich or Alfa-Aesar and used as received without further purification.
NMR measurements.
NMR spectra were measured on Bruker Avance III HD 300 MHz spectrometer. 1H NMR: splitting pattern abbreviations are: s, singlet; d, doublet; t, triplet; q, quartet; dd, double doublet; ddd, doublets of doublets of doublets; ddt, double doublet of triplets; dt, doublet of triplets; dq, doublet of quartets; td, triplet of doublets; qd, quartet of doublets; p, pentuplet; h, sextet; hept, heptet; m, multiplet; br, broad; a, apparent; the chemical shifts are reported in ppm using residual solvent peak as reference. 13C NMR spectra were recorded at 75.4 MHz using broadband proton decoupling and chemical shifts are reported in ppm using adequate solvent peaks as internal reference (CH3OH: 49.50) and the multiplicities were determined by DEPT experiments.


Synthesis and Characterization Data of Viologen A:
Synthesis of Viologen A.


In a round bottom flask (50 mL), 1,4-butanesultone (915 mg, 6.72 mmol) was dissolved in anhydrous toluene (15 mL) under an inert nitrogen atmosphere and the obtained solution was heated at 110 ºC. Then, a solution of 4,4’-bipyridine (300 mg, 1.92 mmol) in anhydrous toluene (10 mL) was added slowly with stirring. The reaction mixture was heated at reflux (oil bath, 120 ºC) with vigorous stirring for 96 h. Upon cooling to room temperature, the resulting white precipitate was filtered off, washed with CH3CN and three times with hot MeOH, and finally dried under vacuum.
The spectral data of the compound are in good agreement with the reported data.1


1,1'-Bis(4-sulfonatobutyl)-4,4'-bipyridinium: Yielded (216 mg, 42%) as an off-white solid.
1H NMR (300 MHz, D2O): δ = 9.16 (d, J = 6.9 Hz, 4H, ArH), 8.57 (d, J = 6.7 Hz, 4H, ArH), 4.80 (t, J = 7.3 Hz, 4H, CH2), 3.01 (t, J = 7.5 Hz, 4H, CH2), 2.27 (p, J = 7.5 Hz, 4H, CH2), 1.92–1.79 (m, 2H, CH2).
13C NMR (75.4 MHz, D2O): δ = 150.2 (2 × C), 145.5 (4 × CH), 127.1 (4 × CH), 61.5 (2 × CH2), 49.9 (2 × CH2), 29.3 (2 × CH2), 20.9 (2 × CH2).


1H-NMR spectra of Viologen A.
[image: ]1H NMR (300 MHz, D2O)


13C-NMR spectra of Viologen A.
[image: ]
13C NMR (75.4 MHz, D2O)

Synthesis and Characterization Data of Compound B:
Synthesis of Compound B.


Compound B was prepared as previously reported.2
In a round bottom flask (50 mL), 4,4’-bipyridine (3 g, 19.2 mmol) was dissolved in anhydrous CH3CN (35 mL) under an inert nitrogen atmosphere. Then, 1,3-propanesultone (1.55 g, 12.7 mmol) was added with stirring to the obtained solution. The reaction mixture was heated at reflux with stirring for 24 h. Upon cooling to room temperature, the resulting white precipitate was filtered off, washed several times with CH3CN and dried under vacuum.


3-([4,4'-Bipyridin]-1-ium-1-yl)propane-1-sulfonate: Yielded (3.45 g, 98%) as a white solid.
1H NMR (300 MHz, D2O): δ = 9.02 (d, J = 6.9 Hz, 2H, ArH), 8.79 (d, J = 6.4 Hz, 2H, ArH), 8.44 (d, J = 6.8 Hz, 2H, ArH), 7.93 (d, J = 6.3 Hz, 2H, ArH), 4.85 (t, J = 7.4 Hz, 2H, CH2), 3.04 (t, J = 7.3 Hz, 2H, CH2), 2.53 (ap, J = 7.3 Hz, 2H, CH2).
13C NMR (75.4 MHz, D2O): δ = 154.1 (C), 150.0 (2 × CH), 144.9 (2 × CH), 142.5 (C), 126.2 (2 × CH), 122.5 (2 × CH), 59.8 (CH2), 47.0 (CH2), 26.1 (CH2).


1H-NMR spectra of Compound B.
[image: ]1H NMR (300 MHz, D2O)


13C-NMR spectra of Compound B.
[image: ]
13C NMR (75.4 MHz, D2O)

Synthesis and Characterization Data of Viologen C-Cl:
Synthesis of starting material TM3CPAB.


TM3CPAB was prepared according to a procedure of a reported method.3
In a round bottom flask (100 mL), 1-bromo-3-chloropropane (49.6 g, 315 mmol) was dissolved in a 33% solution of trimethylamine in EtOH (25 mL, 105 mmol of Me3N). The reaction mixture was stirred at room temperature for 15 h. Then, 250 mL of Et2O was added to the reaction mixture and the resulting white precipitate was filtered off, washed with Et2O and dried under vacuum. This product was used in the next step without need of further purification.
The spectral data of the compound are in good agreement with the reported data.3


Trimethyl(3-chloropropyl)ammonium bromide: Yielded (20.5 g, 90%) as a white solid.
1H NMR (300 MHz, D2O): δ = 3.76 (t, J = 5.9 Hz, 2H, CH2), 3.61–3.53 (m, 2H, CH2), 3.20 (s, 3H, CH3), 2.41–2.29 (m, 2H, CH2).
1H-NMR spectra.
[image: ]
1H NMR (300 MHz, D2O)

Synthesis of Viologen C-Cl.


Viologen C-Cl was prepared according to a modified procedure of a reported method.3
In a round bottom flask (100 mL), 4,4’-bipyridine (7 g, 44.86 mmol) was mixed with trimethyl(3-chloropropyl)ammonium bromide (20.4 g, 94.2 mmol) and anhydrous N,N-dimethylformamide (DMF, 50 mL) under an inert nitrogen atmosphere. The obtained suspension was heated with vigorous stirring until the solvent started to reflux (155–160 ºC) and all solids were dissolved. Then, the reaction mixture was heated under reflux with stirring for 1 h, giving rise to a new suspension. Upon cooling to room temperature, the resulting partially solidified reaction mixture was triturated with 2-propanol (250 mL) until the dark green colour disappeared. The solid was filtered out, washed thoroughly with 2-propanol and acetone, and dried. Then, the solid obtained was dissolved in H2O Milli-Q (63 mL) and submitted to an ion-exchange chromatography with wet Amberlite IRA-900(Cl) (315 g) and H2O Milli-Q (700 mL) as eluent. Then, the water was evaporated under reduced pressure and the desired product was dried under vacuum.
The spectral data of the compound are in good agreement with the reported data.3


1,1'-Bis(3-(trimethylammonio)propyl))-4,4'-bipyridinium tetrachloride: Yielded (10.98 g, 49%) as an off-white solid.
1H NMR (300 MHz, D2O): δ = 9.23 (d, J = 7.0 Hz, 4H, ArH), 8.65 (d, J = 6.9 Hz, 4H, ArH), 4.89 (t, J = 7.8 Hz, 4H, CH2), 3.66–3.56 (m, 4H, CH2), 3.22 (s, 18H, CH3), 2.77–2.63 (m, 2H, CH2).
13C NMR (75.4 MHz, D2O): δ = 150.6 (2 × C), 145.7 (4 × CH), 127.5 (4 × CH), 62.4 (2 × CH2), 58.3 (2 × CH2), 53.2 (6 × CH3), 24.6 (2 × CH2).

1H-NMR spectra of Viologen C-Cl.
[image: ]1H NMR (300 MHz, D2O)


13C-NMR spectra of Viologen C-Cl.
[image: ]
13C NMR (75.4 MHz, D2O)

Synthesis and Characterization Data of Viologen D-Br:
Synthesis of starting material BDEPP.


BDEPP was prepared according to a modified procedure of a reported method.4
In a round bottom flask (100 mL), triethyl phosphite (16.4 mL, 95.64 mmol) was dissolved in 1,3-dibromopropane (50 mL, 49.26 mmol). The mixture was heated over 20 min from room temperature to 155 ºC. At 155 ºC, the generated ethyl bromide was allowed to be distilled off (around 25 min). Finally, the reaction mixture was heated at 160 ºC for 15 min. The obtained product was purified by vacuum distillation (140 ºC, 30 mmHg), after elimination of excess 1,3-dibromopropane (70–80 ºC, 40 mmHg). The spectral data of the compound are in good agreement with the reported data.4


[bookmark: _Hlk129349685]1-Bromo-3-(diethylphosphonato)propane: Yielded (7.66 g, 60%) as a colourless liquid.
1H NMR (300 MHz, CDCl3): δ = 4.19–4.00 (m, 4H, OCH2), 3.47 (dt, J = 6.5 and 1.0 Hz, 2H, CH2), 2.23–2.05 (m, 2H, CH2), 1.96–1.82 (m, 2H, CH2), 1.32 (t, J = 7.1 Hz, 6H, CH3).
1H-NMR spectra.
[image: ]
1H NMR (300 MHz, CDCl3)

Synthesis of Viologen D-Br.


Viologen D-Br was prepared according to a modified procedure of a reported method.5
[bookmark: _Hlk129350216]In a round bottom flask (50 mL), 4,4’-bipyridine (500 mg, 3.2 mmol) was dissolved in acetonitrile (CH3CN, 15 mL) under an inert nitrogen atmosphere. To the obtained solution, 1-bromo-3-(diethylphosphonato)propane (777 mg, 9.6 mmol) was added. The reaction mixture was refluxed with vigorous stirring for 72 h. After cooling to room temperature, the solid was filtered out, washed thoroughly with washed with CH3CN, and dried under vacuum.
The spectral data of the compound are in good agreement with the reported data.5


1,1'-Bis(3-(diethoxyphosphoryl)propyl)-4,4'-bipyridinium dibromide: Yielded (395 mg, 24%) as a yellow solid.
1H NMR (300 MHz, D2O): δ = 9.17 (d, J = 6.6 Hz, 4H, ArH), 8.61 (d, J = 6.5 Hz, 4H, ArH), 4.84 (t, J = 7.4 Hz, 4H, CH2), 4.18 (p, J = 7.4 Hz, 8H, CH2), 2.50–2.30 (m, 4H, CH2), 2.15–1.99 (m, 4H, CH2), 1.35 (t, J = 7.1 Hz, 12H, CH3).
13C  NMR (75.4 MHz, D2O): δ = 150.3 (2 × C), 145.6 (4 × CH), 127.2 (4 × CH), 63.6 (d, 2JC–P = 6.6 Hz, 2 × CH2), 61.5 (d, 3JC–P = 18.5 Hz, 2 × CH2), 23.8 (d, 2JC–P = 4.7 Hz, 2 × CH2), 21.8 (d, 1JC–P = 141.8 Hz, 2 × CH2), 15.6 (d, 3JC–P = 5.8 Hz, 2 × CH3).


1H-NMR spectra of Viologen D-Br.
[image: ]1H NMR (300 MHz, D2O)


13C-NMR spectra of Viologen D-Br.
[image: ]
13C NMR (75.4 MHz, D2O)

Synthesis and Characterization Data of Viologen E-Br:
Synthesis of Viologen E-Br.


Viologen E-Br was prepared according to a reported procedure.6
In a round bottom flask (100 mL), 4,4’-bipyridine (500 mg, 3.2 mmol) and ethyl 4-bromobutyrate (2.5 g, 12.8 mmol) was dissolved in acetonitrile (CH3CN, 50 mL) under an inert nitrogen atmosphere. The resulting mixture was refluxed with vigorous stirring for 28 h. After cooling to room temperature, the formed precipitate was filtered out, washed with Et2O, and dried under vacuum. The product was purified by recrystallization from a mixture of MeOH and Et2O.
The spectral data of the compound are in good agreement with the reported data.6


1,1'-Bis(4-ethoxy-4-oxobutyl)-4,4'-bipyridinium dibromide: Yielded (812 mg, 66%) as a yellow solid.
1H NMR (300 MHz, D2O): δ = 9.18 (d, J = 7.0 Hz, 4H, ArH), 8.60 (d, J = 6.9 Hz, 4H, ArH), 4.82 (t, J = 7.3 Hz, 4H, CH2), 4.16 (q, J = 7.2 Hz, 4H, CH2), 2.61 (t, J = 7.1 Hz, 4H, CH2), 2.43 (p, J = 7.0 Hz, 4H, CH2), 1.26 (t, J = 7.2 Hz, 12H, CH3).
13C NMR (75.4 MHz, D2O): δ = 174.6 (2 × C), 150.2 (2 × C), 145.6 (4 × CH), 127.1 (4 × CH), 62.0 (2 × CH2), 61.1 (2 × CH2), 30.4 (2 × CH2), 25.7 (2 × CH2), 13.3 (2 × CH3).


1H-NMR spectra of Viologen E-Br.
[image: ]1H NMR (300 MHz, D2O)


13C-NMR spectra of Viologen E-Br.
[image: ]
13C NMR (75.4 MHz, D2O)

Synthesis and Characterization Data of Viologen F-Br:
Synthesis of Viologen F-Br.


Viologen F-Br was prepared according to a modified procedure of a reported method.6
In a round bottom flask (50 mL), viologen D-Br (700 mg, 1.28 mmol) was dissolved carefully in 2 M HBr (15 mL). The resulting solution was stirred at room temperature for 60 h. Then, the reaction mixture was concentrated by distillation under reduced pressure to half its volume and allowed to warm to room temperature. The obtained yellow precipitate was filtered out, washed with acetone, and dried under vacuum.
The spectral data of the compound are in good agreement with the reported data.6


1,1'-Bis(3-carboxypropyl)-4,4'-bipyridinium dibromide: Yielded (583 mg, 93%) as a yellowish solid.
1H NMR (300 MHz, D2O): δ = 9.17 (d, J = 7.0 Hz, 4H, ArH), 8.58 (d, J = 6.9 Hz, 4H, ArH), 4.81 (t, J = 7.3 Hz, 4H, CH2), 2.59 (t, J = 7.1 Hz, 4H, CH2), 2.41 (p, J = 7.0 Hz, 4H, CH2).
13C NMR (75.4 MHz, D2O): δ = 176.6 (2 × C), 150.2 (2 × C), 145.7 (4 × CH), 127.1 (4 × CH), 61.1 (2 × CH2), 30.2 (2 × CH2), 25.8 (2 × CH2).


1H-NMR spectra of Viologen F-Br.
[image: ]1H NMR (300 MHz, D2O)


13C-NMR spectra of Viologen F-Br.
[image: ]
13C NMR (75.4 MHz, D2O)

Synthesis and Characterization Data of Viologen G-Cl:
Synthesis of Viologen G-Cl.


Viologen G-Cl was prepared according to a modified procedure of a reported method.7
In a Schlenk flask (50 mL), 4,4’-bipyridine (1.32 g, 8.44 mmol) was dissolved in anhydrous N,N-dimethylformamide (DMF, 20 mL) under an inert nitrogen atmosphere. Then, bromoethane (13.2 g, 68 mmol) was added with stirring to the obtained solution. The reaction mixture was heated at 140 ºC with stirring for 12 h. Upon cooling to room temperature, the resulting yellow precipitate was filtered off, washed with CH3CN and hot chloroform, and dried under vacuum. The yellow solid obtained was dissolved in H2O Milli-Q (32 mL) and submitted to an ion-exchange chromatography with wet Amberlite IRA-900(Cl) (160 g) and H2O Milli-Q (320 mL) as eluent. Then, the water was evaporated under reduced pressure and the desired product was dried under vacuum.
The spectral data of the compound are in good agreement with the reported data.7


1,1'-Bis(ethyl)-4,4'-bipyridinium dichloride: Yielded (1.8 g, 76%) as an off-white solid.
1H NMR (300 MHz, D2O): δ = 9.17 (d, J = 6.8 Hz, 4H, ArH), 8.58 (d, J = 6.3 Hz, 4H, ArH), 4.80 (q, J = 7.4 Hz, 4H, CH2), 1.74 (t, J = 7.4 Hz, 6H, CH3).
13C NMR (75.4 MHz, D2O): δ = 150.4 (2 × C), 145.2 (4 × CH), 127.2 (4 × CH), 57.7 (2 × CH2), 15.6 (2 × CH3).


1H-NMR spectra of Viologen G-Cl.
[image: ]1H NMR (300 MHz, D2O)


13C-NMR spectra of Viologen G-Cl.
[image: ]
13C NMR (75.4 MHz, D2O)

Synthesis and Characterization Data of Viologen H-Cl:
Synthesis of Viologen H-Cl.
[image: ]
Viologen H-Cl was prepared according to a modified procedure of a reported method.7
In a Schlenk flask (50 mL), 4,4’-bipyridine (3 g, 19.1 mmol) was dissolved in anhydrous acetonitrile (CH3CN, 30 mL) under an inert nitrogen atmosphere. Then, 1-bromopropane (18.8 g, 153 mmol) was added with stirring to the obtained solution. The reaction mixture was heated under reflux (oil bath: 90 ºC) with stirring for 36 h. Upon cooling to room temperature, the resulting yellow precipitate was filtered off, washed with CH3CN and hot chloroform, and dried under vacuum. The yellow solid obtained was dissolved in H2O Milli-Q (80 mL) and submitted to an ion-exchange chromatography with wet Amberlite IRA-900(Cl) (415 g) and H2O Milli-Q (950 mL) as eluent. Then, the water was evaporated under reduced pressure and the desired product was dried under vacuum.
The spectral data of the compound are in good agreement with the reported data.7


1,1'-Bis(propyl)-4,4'-bipyridinium dichloride: Yielded (5.1 g, 85%) as a grey deliquescent solid.
1H NMR (300 MHz, D2O): δ = 9.16 (d, J = 6.8 Hz, 4H, ArH), 8.62 (d, J = 6.4 Hz, 4H, ArH), 4.77 (t, J = 7.3 Hz, 4H, CH2), 2.18 (h, J = 7.3 Hz, 4H, CH2), 1.07 (t, J = 7.4 Hz, 6H, CH3).
13C NMR (75.4 MHz, D2O): δ = 150.0 (2 × C), 145.5 (4 × CH), 127.0 (4 × CH), 63.6 (2 × CH2), 24.3 (2 × CH2), 9.8 (2 × CH3).


1H-NMR spectra of Viologen H-Cl.
[image: ]1H NMR (300 MHz, D2O)


13C-NMR spectra of Viologen H-Cl.
[image: ]
13C NMR (75.4 MHz, D2O)

Synthesis and Characterization Data of Viologen I-Br:
Synthesis of Viologen I-Br.


Viologen I-Br was prepared according to a reported procedure.8
In a Schlenk flask (50 mL), 4,4’-bipyridine (312 g, 2 mmol) was dissolved in anhydrous N,N-dimethylformamide (DMF, 15 mL) under an inert nitrogen atmosphere. Then, 3-bromo-1-propanol (4.2 g, 30 mmol) was added with stirring to the obtained solution. The reaction mixture was stirred at 90 ºC for 60 h. Upon cooling to room temperature, the reaction mixture was poured over acetone (150 mL). The resulting yellow precipitate was filtered off and washed repeatedly with acetone and hot EtOH. Finally, the product was rinsed with acetone and dried under vacuum.
The spectral data of the compound are in good agreement with the reported data.8


1,1'-Bis(4-hydroxybutyl)-4,4'-bipyridinium dibromide: Yielded (580 mg, 96%) as a yellowish solid.
1H NMR (300 MHz, D2O): δ = 9.16 (d, J = 5.6 Hz, 4H, ArH), 8.57 (d, J = 5.4 Hz, 4H, ArH), 4.86 (t, J = 6.8 Hz, 4H, CH2), 3.73 (t, J = 5.1 Hz, 4H, CH2), 2.45–2.25 (m, 4H, CH2).
13C NMR (75.4 MHz, D2O): δ = 150.1 (2 × C), 145.6 (4 × CH), 126.9 (4 × CH), 59.4 (2 × CH2), 57.7 (2 × CH2), 32.6 (2 × CH2).


1H-NMR spectra of Viologen I-Br.
[image: ]1H NMR (300 MHz, D2O)


13C-NMR spectra of Viologen -I-Br.
[image: ]
13C NMR (75.4 MHz, D2O)
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