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Characterization of Gemini Amphiphiles:

1,1°-bis-(2-(cyclohexyloxy)-2-oxoethyl)-[4,4’-bipyridin]-1,1’-diium chloride (6a)

Yield- 2.73 g (71.5%), Twm = 222 °C, IR stretching for C-O (1224 cm™), C-N (aromatic ring) 1357 cm™,
C=C (aromatic ring) 1564 cm™, C-H (bending) 1455 cm™, C=N (aromatic ring) 1643 cm™, C=0 (1747
cm™), C-H (stretching) 2930 cm™. "H NMR, § ppm (400MHz; CDCl;; Me,Si) 1.24—1.81 (m, 20 H, 10 X
CH,), 4.78—4.84 (m, 2H, 2 X -CH-0-), 5.88 (S, 2H, -CO-CH,), 5.96 (S, 2H, -CO-CH,), 8.78-8.84 (dd, J
=6.9 Hz, 4H, 2 X H-3, 5 & 3°, 5” of C1oH;(N,*"), 9.37-9.39 (d, J = 6.8 Hz, 2H, 1 X H-2, 6 of C;oH;(N,>"),
9.55-9.57 (d, ] = 6.8 Hz, 2H, 1 X H-2’, 6° of C;oH;,N,™),

BC NMR 6 ppm (normal/DEPT-135; CDCl;) 22.84-30.76 (-ve, hexyl ring CH,), 59.86-60.29 (-ve, 2 X
py" CH,), 74.64-74.79 (+ve, 2 X -O-CH), 125.02-126.48 (+ve, C -3, C-5 & C -3°, C-5" of C;oH;(N,>"),
146.87-147.33 (+ve, C-2, C-6 & C-2°, C-6" of C;oH (N>, 150.81 (+ve, C-4 & C-4’ of CoH (N>,
165.52-165.68 (-C=0). MS (ESI) (relative intensity %): m/z, (for CosH34N,0,>") 437.1 (parent peak), (for
CisH21N,0,7) 297.0, (for C,H (N,0,™) 214.9. Calculated (C% 61.30, H% 6.73, N% 5.50); found (C%
61.28, H% 6.71, N% 5.51).

1,1°-bis-(2-(cyclohexyloxy)-2-oxoethyl)-[4,4’-bipyridin]-1,1’-diium bromide (6b)

Yield- 3.55 g (79.3%), T = 220°C, IR stretching for C-O (1225 cm™), C-N (aromatic ring) 1370 cm™,
C=C (aromatic ring) 1565 cm™, C-H (bending) 1455 cm™', C=N (aromatic ring) 1644 cm™, C=0 (1749
cm™), C-H (stretching) 2930 cm™. 'H NMR 6 ppm (400MHz; CDCly; Me,Si) 1.21-1.83 (m, 20H, 10 X
CH,), 4.77-4.83 (m, 2H, 2 X -CH-0-), 5.91 (S, 4H, 2 X -CO-CH,), 9.02-9.04 (d, J = 6.9 Hz, 4H, 2 X H-
3,5& 3,5 of CioHoN,*"), 9.50-9.52 (d, T = 6.8 Hz, 4H, 2 X H-2, 6 & 2°, 6 of C1oH,oN,>),

C NMR 6 ppm (normal/DEPT-135; CDCl;) 22.93-30.82 (-ve, hexyl ring CH,), 60.36 (-ve, 2 X py"
CH,), 74.99 (+ve, 2 X -O-CH), 126.46 (+ve, C -3, C-5 & C -3°, C-5 of C;,H(N,*"), 147.29 (+ve, C-2, C-
6 & C-2°, C-6" of C1oH(N,*"), 149.16 (+ve, C-4 & C-4’ of C;oH (N,*"), 165.11 (2 X -C=0). MS (ESI)
(relative intensity %): m/z, (for C26H34N2042+) 437.1 (parent peak), (for C18H21N202'+) 297.0, (for
C1,H10N,0,7) 215.0. Calculated (C% 52.19, H% 5.73, N% 4.68); found (C% 52.17, H% 5.73, N% 4.67).

1,1’-bis-(2-(cyclohexyloxy)-2-oxoethyl)-[2,2’-bipyridin]-1,1’-diium chloride (7a)

Yield- 2.64 g (69.3%), Tr, = 174°C, IR stretching for C-O (1223 c¢m™), C-N (aromatic ring) 1354 cm’,
C=C (aromatic ring) 1565 cm™', C-H (bending) 1445 cm'l, C=N (aromatic ring) 1622 cm™, C=0 (1741
cm'l), C-H (stretching) 2943 cm”. '"H NMR 6 ppm (400MHz; CDCl;s; Me,Si) 1.51-1.72 (m, 20H, 10 X
CH,), 4.70—4.74 (m, 2H, 2 X —CH-0O-), 6.01 (S, 4H, 2 X -CO-CH,), 7.90-7.92 (t,J = 7.6 Hz, 2H, C-5 &



C-5" of CioHioN,>"), 7.98-8.01 (d, J = 7.4 Hz 2H, C-3 & C-3’ of C1oH,;oN»>), 8.26-8.28 (t, ] = 6.3 Hz,
2H, C-4 & C-4’ of C1oH oN,>), 8.64-8.65 (d, J = 4.3 Hz, 2H, C-6 & C-6” of C1oH 0N,

C NMR 6 ppm (normal/DEPT-135; CDCl;) 23.44-31.21 (-ve, hexyl ring CH,), 60.49 (-ve, 2 X py"
CH,), 75.51-76.83 (+ve, 2 X -O-CH), 126.04-126.62 (+ve, C -3 & C-3" of C;oH;(N,*") 127.49-127.82
(+ve, C-5 & C-5" of C;oH(N,>"), 138.62 (+ve, C-4 & C-4> of CioH (N,>), 149.48-149.54 (+ve, C-2 & C-
2> of CioH;(N;*"), 150.41-152.04 (+ve, C-6 & C-6" of CiH;(N,*"), 165.35 (2 X -C=0). MS (ESI)
(relative intensity %): m/z, (for C26H34N2042+) 437.24 (parent peak), (for C26H34N2042++1) 438.25, (for
CaH34N,0,7+2) 439.25, (for CosH3uN,04>+3) 440.25. Calculated (C% 61.30, H% 6.73, N% 5.50); found
(C% 61.30, H% 6.71, N% 5.49).

1,1°-bis-(2-(cyclohexyloxy)-2-oxoethyl)-[2,2’-bipyridin]-1,1’-diium bromide (7b)

Yield- 3.38g (75.6%), T, = 160°C, IR stretching for C-O (1224 ¢cm™), C-N (aromatic ring) 1354 cm™,
C=C (aromatic ring) 1565 cm™, C-H (bending) 1445 cm™, C=N (aromatic ring) 1622 cm™, C=0 (1741
cm), C-H (stretching) 2942 cm™. '"H NMR § ppm (400MHz; CDCly; Me,Si) d; ppm 1.03-1.98 (m,
20H, 10 X CH,), 4.60—4.64 (m, 2H, 2 X -CH-O-), 5.78 (S, 4H, 2 X -CO-CH,), 7.91-7.93 (t, ] = 6.5 Hz
2H, C-5 & C-5’ of CoH(N,>), 8.03-8.06 (d, ] = 6.4 Hz 2H, C-3 & C-3” of C;oH,(N,*"), 8.30-8.34 (t, J =
7.8 Hz, 2H, C-4 & C-4’ of C1oH oN,*"), 8.75-8.79 (d, T = 7.1 Hz, 2H, C-6 & C-6’ of C1oH;oN,*")

C NMR 6 ppm (normal/DEPT-135; CDCl;) 23.31-30.90 (-ve, hexyl ring CH,), 59.97-60.36 (-ve, 2 X
py" CH,), 74.69-75.36 (+ve, 2 X -O-CH), 126.07-126.17 (+ve, C -3 & C-3’ of C,oH;(N,*"), 127.32-
127.41 (+ve, C-5 & C-5" of CoH;(N,*"), 138.64-138.71 (+ve, C-4 & C-4> of CyoH (N,>"), 147.64-147.79
(+ve, C-2 & C-2 of CoH (N;*"), 149.25-149.47 (+ve, C-6 & C-6" of CoH;(N,*"), 164.99 (2 X -C=0).
MS (ESI) (relative intensity %): m/z, (for CsH34N,0,°") 437.2 (parent peak), (for C,eH3,N,04>+1) 438.2,
(for CigH,N,0,)" 298.0. Calculated (C% 52.19, H% 5.73, N% 4.68); found (C% 52.15, H% 5.71, N%
4.67).

1,1°-bis-(2-(cyclohexyloxy)-2-oxoethyl)-[4,4’-bipyridin]-1,1’-diium hexafluorophosphate (11a)

Yield- 4.74g (86.97%), Tm = 180°C, IR stretching for C-O (1229 cm™), C-N (aromatic ring) 1362 cm™,
C=C (aromatic ring) 1565 cm™, C-H (bending) 1454 cm™, C=N (aromatic ring) 1646 cm, C=0 (1751
cm’™), C-H (stretching) 2936 cm™. '"H NMR § ppm (300MHz; DMSO-d®) 1.33—1.98 (m, 20H, 10 X CH,),
4.81-4.86 (m, 2H, 2 X —CH-0-), 5.69 (S, 4H, 2 X -CO-CH,), 8.79-8.81 (d, ] = 7.0 Hz, 4H, 2 X H-3, 5 &
3%, 5 of C1oH oN,>), 9.31-9.33 (d, ] = 6.9 Hz, 4H, 2 X H-2, 6 & 2°, 6’ of C;oH;(N,>"),

C NMR § ppm (normal/DEPT-135; DMSO-d®) 23.13-31.42 (-ve, hexyl ring CH,), 61.13 (-ve, 2 X py"
CH,), 75.09 (+ve, 2 X -O-CH), 127.42 (+ve, C -3, C-5 & C -3°, C-5" of C,oH;(N,"), 148.19 (+ve, C-2, C-
6 & C-2°, C-6> of C;oH (N,™), 150.66 (+ve, C-4 & C-4’ of C;oH;oN,*"), 165.09 (2 X -C=0). MS (ESI)
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(relative intensity %): m/z, (for C26H34N2042+) 437.1 (parent peak), (for C;sH,N,0,)297.0, Calculated
(C% 42.87, H% 4.70, N% 3.85); found (C% 42.84, H% 4.73, N% 3.77).

1,1’°-bis-(2-(cyclohexyloxy)-2-oxoethyl)-[4,4’-bipyridin]-1,1’-diium tetrafluoroborate (11b)

Yield- 3.10g (67.68%), T, = 174°C, IR stretching for C-O (1230 cm™), C-N (aromatic ring) 1357 cm™,
C=C (aromatic ring) 1564 cm™, C-H (bending) 1457 cm™', C=N (aromatic ring) 1618 cm™, C=0 (1746
cm’™), C-H (stretching) 2935 cm™. "H NMR ¢ ppm (300MHz; DMSO-d®) 6; ppm 1.24—1.90 (m, 20H, 10
X CH), 4.80—4.88 (m, 2H, 2 X —-CH-0O-), 5.79 (8, 4H, 2 X -CO-CH,), 8.83-8.96 (d, ] = 6.8 Hz, 4H, 2 X
H-3,5 & 3,5 of C1oH;(N,*), 9.33-9.44 (d, J = 7.0 Hz, 4H, 2 X H-2, 6 & 2°, 6” of C1,H,(N,*"),

C NMR ¢ ppm (normal/DEPT-135; DMSO-d®) 22.55-30.66 (-ve, hexyl ring CH,), 57.61 (-ve, 2 X py"
CH,), 75.09 (+ve, 2 X -O-CH), 126.46 (+ve, C -3, C-5 & C -3°, C-5" of C;oH(N,*"), 147.27 (+ve, C-2, C-
6 & C-2’, C-6 of CioH(N;*"), 149.16 (+ve, C-4 & C-4’ of C;oH (N,™), 161.62 (2 X -C=0). MS (ESI)
(relative intensity %): m/z, (for C26H34N2042+) 437.1 (parent peak), (for C;sH, N,0,")297.0. Calculated
(C% 51.09, H% 5.60, N% 4.58); found (C% 51.05, H% 5.61, N% 4.56).

1,1°-bis-(2-(cyclohexyloxy)-2-oxoethyl)-[2,2’-bipyridin]-1,1’-diium hexafluorophosphate (12a)

Yield- 4.15g (76.14%), T, = 119°C, IR stretching for C-O (1230 ¢cm™), C-N (aromatic ring) 1360 cm™,
C=C (aromatic ring) 1578 cm’', C-H (bending) 1451 cm”, C=N (aromatic ring) 1631 cm”, C=0 (1753
cm™), C-H (stretching) 2947 cm™. 'H NMR J ppm (300MHz; DMSO-d%) 6 ppm 1.26—1.77 (m, 20H, 10
X CH,), 4.75-4.82 (m, 2H, 2 X —CH-0-), 5.56 (S, 4H, 2 X -CO-CH,), 8.13-8.17 (d, ] = 4.8 Hz, 2H, C-5
& C-5 of C1oH (N,"), 8.46-8.50 (t, J = 7.4 Hz, 2H, C-3 & C-3’ of C;oH;(N,*"), 8.82-8.86 (d, ] = 6.3 Hz,
2H, C-4 & C-4’ of C1oH oN,*"), 9.20-9.23 (t, T = 9.2 Hz, 2H, C-6 & C-6’ of C;oH;oN,*")

C NMR 6 ppm (normal/DEPT-135; DMSO-d®) 22.30-30.45 (-ve, hexyl ring CH,), 59.37-60.01 (-ve, 2 X
py" CH,), 73.65-74.16 (+ve, 2 X -O-CH), 126.04-126.15 (+ve, C -3 & C-3’ of C,oH;(N,*"), 127.31-
127.51 (+ve, C-5 & C-5’ of CoH oN,™"), 130.04-130.52 (+ve, C-4 & C-4’ of C;oH (N,*"), 138.34-138.39
(+ve, C-2 & C-2 of CjoH (N,*"), 146.25-146.47 (+ve, C-6 & C-6" of CioH (N,>"), 165.01 (2 X -C=0).
MS (ESI) (relative intensity %): m/z, (for C,6H34N,04>") 437.2 (parent peak), (for C,sH3sN,04>+1) 438.2,
(for CsH,N,0,) " 298.0. Calculated (C% 42.87, H% 4.70, N% 3.85); found (C% 42.81, H% 4.67, N%
3.82).

1,1°-bis-(2-(cyclohexyloxy)-2-oxoethyl)-[2,2’-bipyridin]-1,1’-diium tetrafluoroborate (12b)

Yield- 3.01g (65.63%), Tn, = 115°C, IR stretching for C-O (1225 cm™), C-N (aromatic ring) 1358 cm™,
C=C (aromatic ring) 1567 cm™, C-H (bending) 1449 cm™ C=N (aromatic ring) 1624 cm™, C=0 (1752 cm
", C-H (stretching) 2942 cm’. 'H NMR ¢ ppm (300MHz; DMSO—d6) 1.22-1.78 (m, 20H, 10 X CH,),



4.79-4.83 (m, 2H, 2 X -CH-0-), 5.55 (S, 4H, 2 X -CO-CH,), 8.15-8.20 (t, ] =6.5 Hz 2H, C-5 & C-5’ of
C1oH1oN,™), 8.46-8.48 (d, J = 6.4 Hz, 2H, C-3 & C-3" of C;oH,(N,*"), 8.82-8.87(t, I = 7.8 Hz, 2H, C-4 &
C-4> of C1oH oN>*"), 9.17-9.19 (d, J = 7.1 Hz, 2H, C-6 & C-6" of C1oH;(N,*")

C NMR 6 ppm (normal/DEPT-135; DMSO-d®) 22.55-30.66 (-ve, hexyl ring CH,), 59.86-60.06 (-ve, 2 X
py" CH,), 74.12-74.22 (+ve, 2 X -O-CH), 126.07-126.17 (+ve, C -3 & C-3” of C1oH (N,>"), 127.48-
127.75 (+ve, C-5 & C-5 of C;oH;(N,"), 130.12-130.71 (+ve, C-4 & C-4’ of C;oH;(N,*"), 138.58-138.67
(+ve, C-2 & C-2° of CoH(N,™"), 147.46-147.66 (+ve, C-6 & C-6’ of C1oH oN,*"), 165.53 (2 X -C=0).
MS (ESI) (relative intensity %): m/z, (for C2sH34N,0,>") 437.2 (parent peak), (for CoHzsN,O4> +1) 438.2,
(for C13H,;N,0,) " 298.0. Calculated (C% 51.09, H% 5.60, N% 4.58); found (C% 51.11, H% 5.53, N%
4.52).



Graphs of NMR, IR and Mass spectra of ionic liquids
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'H spectra of 1,1’-bis-(2-(cyclohexyloxy)-2-oxoethyl)-[4,4’-bipyridin]-1,1’-diium chloride (6a)
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B¢ spectra of 1,1’-bis-(2-(cyclohexyloxy)-2-oxoethyl)-[4,4’-bipyridin]-1,1’-diium chloride (6a)
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BC DEPT spectra of1,1°-bis-(2-(cyclohexyloxy)-2-oxoethyl)-[4,4’-bipyridin]-1,1’-diium chloride (6a)
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"H- "H 2D spectra of 1,1°-bis-(2-(cyclohexyloxy)-2-oxoethyl)-[4,4’-bipyridin]-1,1’-diium chloride (6a)
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'H spectra of 1,1’-bis-(2-(cyclohexyloxy)-2-oxoethyl)-[2,2’-bipyridin]-1,1’-diium bromide (7b)
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"H spectra of 1,1’-bis-(2-(cyclohexyloxy)-2-oxoethyl)-[4,4>-bipyridin]-1,1’-diium hexafluorophosphate (11a)
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IR spectra of 1,1’-bis-(2-(cyclohexyloxy)-2-oxoethyl)-[2,2’-bipyridin]-1,1’-diium tetrafluoroborate (12b)
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Mass spectra of 1,1°-bis-(2-(cyclohexyloxy)-2-oxoethyl)-[4,4’-bipyridin]-1,1’-diium chloride (6a)
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Mass spectra of 1,1°-bis-(2-(cyclohexyloxy)-2-oxoethyl)-[4,4°’-bipyridin]-1,1’-diium bromide (6b)
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Mass spectra of 1,1°-bis-(2-(cyclohexyloxy)-2-oxoethyl)-[2,2’-bipyridin]-1,1’-diium chloride (7a)
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Mass spectra of 1,1°-bis-(2-(cyclohexyloxy)-2-oxoethyl)-[2,2’-bipyridin]-1,1’-diium bromide (7b)



