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1.Synthesis procedure
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Figure S1 The synthetic route for the asymmetric boronium-cation-based ionic 

liquids

Synthesis of 1-methylimidazole borane complex

The product was a colorless liquid; yield, 92 %. 1H NMR(DMSO-d6, 400 MHz): 

δ= 1.77 – 2.47 (m, 3H, BH3), 3.67 – 3.72 (s, 3H, CH3), 6.96 – 7.03 (s, 1H, N-CH=CH-

N), 7.24 – 7.36 (s, 1H, N-CH=CH-N), 7.92 – 8.40 ppm (s, 1H, N-CH=N); 13C NMR 

(101 MHz, Deuterium Oxide) δ = 34.24, 122.07, 126.31, 137.78 ppm; IR (KBr): = �̃�

3137, 2358, 2309, 2262, 1549, 1301, 1174, 831, 748 cm-1

Synthesis of  (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-imidazol-3-ium-1-yl) 

dihydroboronium iodide (2a)

The product 2a was a viscous transparent liquid;  yield, 42 %. 1H NMR(DMSO-

d6, 400 MHz): δ= 1.32 – 1.45 (s, 3H, CH3), 3.79 – 3.84 (s, 3H, CH3), 4.07 – 4.25 (s, 

2H, CH2), 7.37 – 7.43 (d, 2H, N-CH=CH-N), 7.53 – 7.59 (s, 1H, N-CH=CH-N), 7.66 

– 7.70 (s, 1H, N-CH=CH-N), 8.73 – 8.80 (s, 1H,N-CH=N), 8.80 – 8.90 ppm (s, 1H, 

N-CH=N); 13C NMR (101 MHz, DMSO-d6) δ = 15.34 , 34.97 , 43.19 , 121.92 , 

123.39 , 124.76 , 124.85 , 137.80 , 138.74 ppm; IR (KBr): = 3445, 3113, 3068, 2959, �̃�

2876, 2427, 1544, 1162, 1128 cm-1. 

Synthesis of  (1-methyl-1H-imidazol-3-ium-1-yl)(1-vinyl-1H-imidazol-3-ium-1-yl)  

dihydroboronium iodide (2b)
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The product 2b was a viscous transparent liquid; yield, 40 %. 1H NMR(DMSO-

d6, 400 MHz): δ= 3.60 – 3.87 (s, 3H, CH3), 5.24 – 5.35 (dt, 1H, CH2=CH), 5.83 – 

5.93 (dd, 1H, CH=CH), 7.17 – 7.28 (dd, 1H, CH2=CH), 7.36 – 7.42 (t, 1H, N-

CH=CH-N), 7.49 – 7.56 (m, 2H, N-CH=CH-N), 8.01 – 8.06 (s, 1H, N-CH=CH-N), 

8.65 – 8.70 (s, 1H, N-CH=N), 9.01 – 9.06 ppm (s, 1H, N-CH=N);13C NMR (101 MHz, 

DMSO-d6) δ = 35.45, 107.59, 119.60, 124.03, 125.38, 126.27, 129.41, 138.01, 139.48 

ppm; IR： = 3433, 3124, 2972, 2928, 2892, 2433, 1537, 1161, 1130 cm-1.�̃�

Synthesis of (1-methyl-1H-imidazol-3-ium-1-yl)(1-propyl-1H-imidazol-3-ium-1-yl) 

dihydroboronium iodide (2c)

The product 2c was a viscous transparent liquid; yield, 44% . 1H NMR(DMSO-

d6, 400 MHz): δ= 0.74 – 0.85 (td, 3H, CH3), 1.68 – 1.86 (m, 2H, CH2), 3.76 – 3.85 (s, 

3H, CH3), 4.02 – 4.12 (q, 2H,CH2), 7.34 – 7.38 (d, 1H, N-CH=CH-N), 7.38 – 7.42 (d, 

1H, N-CH=CH-N), 7.52 – 7.58 (d, 1H, N-CH=CH-N), 7.61 – 7.68 (d, 1H, N-

CH=CH-N ), 8.66 – 8.75 (s, 1H, N-CH=N), 8.75 – 8.86 ppm (s, 1H, N-CH=N) 13C 

NMR (101 MHz, DMSO-d6) δ = 10.48, 22.99, 34.95, 49.42, 122.32, 123.51, 124.79, 

124.95, 138.18, 138.82 ppm; IR (KBr): = 3445, 3113, 3068, 2965, 2876, 2427, 1544, �̃�

1161, 1129 cm-1.

Synthesis of  (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-imidazol-3-ium-1-yl) 

dihydroboronium iodide (2d)

The product 2d was a viscous transparent liquid; yield, 42%. 1H NMR (400 MHz, 

DMSO-d6) :δ= 3.75 – 3.83 (s, 3H, CH3), 4.74 – 4.83 (dt, 2H, CH2), 5.18 – 5.34 (m, 

2H, CH2), 5.92 – 6.10 (m, 1H, CH), 7.35 – 7.40 (s, 1H, N-CH=CH-N), 7.40 – 7.44 (s, 

1H, N-CH=CH-N), 7.53 – 7.56 (s, 1H, N-CH=CH-N), 7.56 – 7.60 (s, 1H, N-CH=CH-

N), 8.69 – 8.75 (s, 1H, N-CH=N), 8.75 – 8.81 ppm (s, 1H, N-CH=N); 13C NMR (101 

MHz, DMSO-d6) δ = 34.95, 50.05, 119.58, 122.34, 123.49, 124.83, 125.10, 132.31, 

138.19, 138.85 ppm; IR： = 3478, 3110, 2941, 2426, 1542, 1423, 1160, 1124 cm-1.�̃�

Synthesis of (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-imidazol-3-ium-1-yl) 
dihydroboronium iodide (2e)

The product 2e was a viscous transparent liquid; yield, 42 %. 1H NMR(DMSO-d6, 

400 MHz): δ= 0.76 – 0.91 (t, 3H, CH3), 1.14 – 1.26 (dt, 2H, CH2), 1.68 – 1.80 (p, 2H, 
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CH2), 3.78 – 3.80 (s, 3H, CH3), 4.05 – 4.15 (t, 2H, CH2), 7.36 – 7.38 (m, 1H, N-

CH=CH-N), 7.38 – 7.41 (t, 1H, N-CH=CH-N), 7.54 – 7.56 (s, 1H, N-CH=CH-N), 

7.58 – 7.69 (s, 1H, N-CH=CH-N), 8.71 – 8.73 (s, 1H, N-CH=N), 8.76 – 8.88 ppm (s, 

1H, N-CH=N); 13C NMR (101 MHz, DMSO-d6) δ = 13.77, 19.37, 32.0 , 35.48, 48.16, 

122.81, 124.00, 125.30, 125.45, 138.64, 139.32 ppm; IR (KBr): = 3112, 3068, 2959, �̃�

2933, 2870, 2427, 1543, 1161, 1128 cm-1.

Synthesis of  (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-imidazol-3-ium-1-yl) 

dihydroboronium dicyandiamide (3a)

The aqueous solution of 2a(20 mmol) in 40 ml H2O was added dropwise into the 

suspension of silver dicyanamide (4.18 g, 24 mmol) in 60 ml H2O.In the absence of 

light ,the mixture should be with vigorously stirring for 24h. After filtration,the water 

could be removed by rotary evaporation to get a viscous transparent liquid 3a. 85% 

Yield. 1H NMR (400 MHz, DMSO-d6) :δ = 1.35 – 1.46 (td, 3H, CH3), 3.77 – 3.82 (s, 

3H, CH3), 4.09 – 4.19 (s, 2H, CH2), 7.33 – 7.43 (m, 2H, N-CH=CH-N), 7.50 – 7.59 (s, 

1H, N-CH=CH-N), 7.60 – 7.72 (s, 1H, N-CH=CH-N), 8.65 – 8.71 (s, 1H, N-CH=N), 

8.72 – 8.80 ppm (s, 1H, N-CH=N); 13C NMR (101 MHz, DMSO-d6) δ = 15.77, 35.31, 

43.72, 119.56, 122.45, 123.96 , 125.41 (d, J=9.8), 138.35, 139.30 ppm;  11B NMR 

(193 MHz, DMSO-d6) δ = -9.20 ppm; IR (KBr): = 3487, 3135, 3079, 2987, 2429, �̃�

2239, 2130, 1546, 1161, 1129 cm-1; HRMS (ESI) m/z: [M]+ calcd for C9H18BN4
+: 

191.14625, found: 191.14568. [M]− calcd for C2N3
−:66.00867,found: 66.00907.

Synthesis of  (1-methyl-1H-imidazol-3-ium-1-yl)(1-vinyl-1H-imidazol-3-ium-1-yl) 

dihydroboronium dicyandiamide (3b)

The following compound was all synthesized like 3a. The product  3b was a 

viscous transparent liquid; yield, 90%. 1H NMR (400 MHz, DMSO-d6) :δ=3.74 – 3.84 

(s, 3H, CH3), 5.24 – 5.35 (dt, 1H, CH), 5.83 – 5.93 (dd, 1H, CH), 7.17 – 7.28 (dd, 1H, 

CH), 7.36 – 7.42 (t, 1H, N-CH=CH-N), 7.49 – 7.56 (m, 2H, N-CH=CH-N), 8.01 – 

8.06 (s, 1H, N-CH=CH-N), 8.65 – 8.70 (s, 1H, , N-CH=N), 9.01 – 9.06 (s, 1H, N-

CH=N). 13C NMR (101 MHz, DMSO-d6) δ = 34.89, 107.07, 119.10, 123.54, 124.94, 

125.80, 128.96, 137.57, 139.02 ppm; 11B NMR (193 MHz, DMSO-d6) δ = -8.42 ppm; 

IR (KBr): = 3483, 3135, 3077, 2957, 2872, 2432, 2237, 2136, 1538, 1161, 1130 cm-1; �̃�
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HRMS (ESI) m/z: [M]+ calcd for C9H16BN4
+: 189.13060, found: 189.13036. [M]− 

calcd for C2N3
−:66.00867,found: 66.00966.

Synthesis of (1-methyl-1H-imidazol-3-ium-1-yl)(1-propyl-1H-imidazol-3-ium-1-yl)  

dihydroboronium dicyandiamide (3c)

The product  3c was a viscous transparent liquid; yield,87%. 1H NMR (400 MHz, 

DMSO-d6) :δ = 0.79 – 0.85 (td, 3H, CH3), 1.74 – 1.83 (q, 2H, CH2), 3.75 – 3.82 (s, 

3H, CH3), 4.02 – 4.10 (m, 2H, CH2), 7.33 – 7.37 (s, 1H, N-CH=CH-N), 7.37 – 7.42 (s, 

1H, N-CH=CH-N), 7.49 – 7.55 (s, 1H, N-CH=CH-N), 7.59 – 7.65 (s, 1H, N-CH=CH-

N), 8.64 – 8.71 (s, 1H, N-CH=N), 8.72 – 8.79 ppm (s, 1H, N-CH=N); 13C NMR (101 

MHz, DMSO-d6) δ = 10.98, 23.47, 35.33, 49.96, 119.57, 122.79, 124.00, 125.40 (d, 

J=16.3), 138.70, 139.33 ppm;  11B NMR (193 MHz, DMSO-d6) δ = -9.53 ppm; IR 

(KBr): = 3488, 3131, 3077, 2968, 2879, 2429, 2239, 2130, 1546, 1161, 1129 cm-1; �̃�

HRMS (ESI) m/z: [M]+ calcd for C10H18BN4
+: 205.16190, found: 205.16201. [M]− 

calcd for C2N3
−:66.00867,, found66.00884.

Synthesis of (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-imidazol-3-ium-1-yl) 

dihydroboronium dicyandiamide (3d)

The product  3d was a viscous transparent liquid; yield, 85%.1H NMR (400 MHz, 

DMSO-d6) :δ= 3.73 – 3.80 (s, 3H, CH3), 4.72 – 4.79 (d, 2H, CH2), 5.16 – 5.25 (dd, 

1H,CH), 5.25 – 5.33 (dd ,1H,CH), 5.95 – 6.10 (1H, ddt), 7.34 – 7.43 (dt, 2H, N-

CH=CH-N), 7.50 – 7.58 (dt, 2H,N-CH=CH-N), 8.67 – 8.72 (s,1H,N-CH=N), 8.73 – 

8.78 ppm (s, 1H, N-CH=N); 13C NMR (101 MHz, DMSO-d6) δ = 35.35, 50.57, 

119.54, 120.04, 122.87, 124.01, 125.36, 125.63, 132.86, 138.76, 139.40 ppm; 11B 

NMR (193 MHz, DMSO-d6) δ = -8.68 ppm; IR (KBr): = 3426, 3129, 2429, 2229, �̃�

2136, 1543, 1160, 1126 cm-1; HRMS (ESI) m/z: [M]+ calcd for C10H16BN4
+: 

203.14625, found: 203.14596. [M]− calcd for C2N3
−:66.00867, found 66.00940.

Synthesis of  (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-imidazol-3-ium-1-yl) 

dihydroboronium dicyandiamide (3e)

The product  3e was a viscous transparent liquid; yield, 86%. 1H NMR (400 MHz, 

DMSO-d6) :δ= 0.85 – 0.94 (t, 3H, CH3), 1.19 – 1.30 (q, 2H,CH2), 1.70 – 1.83 (p, 2H, 

CH2), 3.74 – 3.83 (s, 3H,CH3), 4.06 – 4.14 (t, 2H, CH2), 7.35 – 7.42 (d, 2H, N-



S5

CH=CH-N), 7.51 – 7.56 (s, 1H, N-CH=CH-N), 7.60 – 7.65 ( s, 1H, N-CH=CH-N), 

8.65 – 8.70 (s, 1H, N-CH=N), 8.73 – 8.78 ppm (s, 1H, N-CH=N);.13C NMR (101 

MHz, DMSO-d6) δ = 13.75, 19.40, 32.02, 35.33, 48.18, 119.56, 122.79, 124.00, 

125.33, 125.48, 138.66, 139.33 ppm; 11B NMR (193 MHz, DMSO-d6) δ = -9.59 ppm; 

IR (KBr): = 3487, 3132, 3078, 2961, 2872, 2429, 2232, 2133, 1546, 1162, 1129cm-1; �̃�

HRMS (ESI) m/z: [M]+ calcd for C11H20BN4
+: 219.17755, found: 219.17756. [M]− 

calcd for C2N3
−: 66.00867, found66.00926.

Synthesis of  (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-imidazol-3-ium-1-yl) 

cyanoborohydride (4a)

The product 4a was a viscous transparent liquid; yield 80%. 1H NMR (400 MHz, 

DMSO-d6): δ = 0.03 – 0.50 (dd, 3H, BH3), 1.26 – 1.49 (m, 3H, CH3), 3.77 – 3.80 (s, 

3H, CH3), 4.06 – 4.18 (d, 2H, CH2), 7.31 – 7.39 (d, 2H, N-CH=CH-N ), 7.49 – 7.52 (s, 

1H), 7.58 – 7.63 (s, 1H), 8.63 – 8.65 (s, 1H, N-CH=N), 8.70 – 8.73 (s, 1H, N-CH=N ).
13C NMR (101 MHz, DMSO-d6) δ =15.79, 43.74, 122.48, 123.99, 125.39, 125.49, 

139.31.IR (KBr): = 3428, 3138, 3082, 2982, 2948, 2428, 2322, 2221, 2171, 1609, �̃�

1549, 1450, 1262, 1128, 1066 cm-1. HRMS (ESI) m/z: [M]+ calcd for C9H18BN4
+: 

191.14625, found: 191.14601.

Synthesis of  (1-methyl-1H-imidazol-3-ium-1-yl)(1-vinyl-1H-imidazol-3-ium-1-yl) 

cyanoborohydride (4b) 

The product 4b was a viscous transparent liquid; yield 72%.1H NMR (400 MHz, 

DMSO-d6): δ = -0.41 – 0.81 (dd, 3H, BH3), 3.79 – 3.81 (s, 3H, CH3), 5.24 – 5.37 (d, 

1H.CH=CH2), 5.83 – 5.97 (d, 1H,CH=CH2), 7.20 – 7.29 (dd, 1H, CH=CH2), 7.36 – 

7.42 (s, 1H, N-CH=CH-N), 7.50 – 7.52 (s, 1H, N-CH=CH-N), 7.52 – 7.55 (s, 1H, N-

CH=CH-N ), 7.92 – 8.12 (s, 1H, N-CH=CH-N), 8.66 – 8.70 (s, 1H, N-CH=N), 9.01 – 

9.06 (s, 1H, N-CH=N). 13C NMR (101 MHz, DMSO-d6) δ= 35.43, 107.60, 119.58, 

124.01, 125.40, 126.27, 129.38, 137.97, 139.46.IR (KBr): = 3425, 3134, 2432, 2322, �̃�

2223, 2167, 1651, 1537, 1423, 1263, 1129, 1006 cm-1. HRMS (ESI) m/z: [M]+ calcd 

for C9H16BN4
+: 189.13060, found: 189.13016.

Synthesis of (1-methyl-1H-imidazol-3-ium-1-yl)(1-propyl-1H-imidazol-3-ium-1-yl)  

cyanoborohydride (4c) 
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The product 4c was a viscous transparent liquid; yield 79%.1H NMR (400 MHz, 

DMSO-d6): δ =  -0.19 – 0.57 (m, 3H, BH3), 0.81 – 0.85 (td, 3H, CH3), 1.76 – 1.82 (q, 

2H, CH2), 3.78 – 3.80 (m, 3H, CH3), 4.05 – 4.08 (m, 2H, CH2), 7.36 – 7.37 (s, 1H, N-

CH=CH-N), 7.38 – 7.40 (s, 1H, N-CH=CH-N), 7.52 – 7.54 (s, 1H, N-CH=CH-N), 

7.59 – 7.65 (s, 1H, N-CH=CH-N), 8.66 – 8.68 (s, 1H, N-CH=N ), 8.71 – 8.77 (s, 1H, 

N-CH=N). 13C NMR (101 MHz, DMSO-d6) δ= 10.98, 23.47, 35.38, 49.96, 122.82, 

124.03, 125.34, 125.50, 138.70, 139.34.IR (KBr): = 3410, 3133, 3082, 2967, 2878, �̃�

2428, 2331, 2222, 2173, 1611, 1546, 1458, 1263, 1127, 1047 cm-1. HRMS (ESI) m/z: 

[M]+ calcd for C10H18BN4
+: 205.16190, found: 205.16164.

Synthesis of (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-imidazol-3-ium-1-yl) 

cyanoborohydride (4d)

The product 4d was a viscous transparent liquid; yield 76%.1H NMR (400 MHz, 

DMSO-d6): δ= -0.12 – 1.00 (m, 3H, BH3), 3.87 (s, 3H, CH3), 4.85 (d, 2H, CH2), 5.12 

– 5.48 (m, 2H, CH2=CH-CH2), 6.10 (dtt, 1H, CH2=CH-CH2), 7.34 – 7.70 (m, 4H, N-

CH=CH-N), 8.66 – 8.89 (m, 2H, N-CH=N).13C NMR (101 MHz, DMSO-d6) δ 35.38, 

35.40, 50.60, 120.13, 122.87, 124.01, 125.39, 125.67, 132.80, 138.72, 139.38.IR 

(KBr): = 3424, 3136, 2428, 2362, 2172, 1642, 1546, 1424, 1261, 1128, 995 cm-1 �̃�

HRMS (ESI) m/z: [M]+ calcd for C10H16BN4
+: 203.14625, found: 203.14606.

Synthesis of  (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-imidazol-3-ium-1-yl) 

cyanoborohydride (4e)

The product 4e was a viscous transparent liquid; yield 80%.1H NMR (400 MHz, 

DMSO-d6): δ= 0.01 – 0.51 (m, 3H, BH3), 0.88 (td, 3H, CH3), 1.23 (q, 2H, CH2), 1.76 

(p, 2H,CH2), 3.80 (s, 3H,CH3), 4.10 (dt, 2H, CH2), 7.37 (d, 2H, N-CH=CH-N), 7.52 (s, 

1H, N-CH=CH-N ), 7.61 (s, 1H, N-CH=CH-N), 8.65 (s, 1H, N-CH=N), 8.73 (s, 1H, 

N-CH=N).13C NMR (101 MHz, DMSO-d6) δ 13.73, 19.39, 32.03, 35.36, 40.54, 48.21, 

122.80, 124.01, 125.35, 125.49, 138.65, 139.33. IR (KBr): = 3415, 3133, 3078, 2967, �̃�

2878, 2429, 2330, 2172, 1612, 1546, 1458, 1263, 1161, 1128, 1048 cm-1. HRMS (ESI) 

m/z: [M]+ calcd for C11H20BN4
+: 219.17755, found: 219.17731.
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2 .NMR and HRMS-ESI Spectra
1HNMR 13CNMR 11BNMR spectra and HRMS of the ionic liquids

 Figure S2 1HNMR (400 MHz) of (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-D6.
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Figure S3 13CNMR (101 MHz) of (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-D6.
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Figure S4 11BNMR (193 MHz) of (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-D6.
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Figure S5 HRMS-ESI spectrum of (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium dicyandiamide (positive) solvent (CH2Cl2) .
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Figure S6 HRMS-ESI spectrum of (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium dicyandiamide (negative) solvent (CH2Cl2).
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Figure S7 1HNMR (400 MHz) of (1-propyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-D6.
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Figure S8 13CNMR (101 MHz) of (1-propyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-D6.
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Figure S9 11BNMR (193 MHz) of (1-propyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-D6.
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Figure S10 HRMS-ESI spectrum of (1-propyl-1H-imidazol-3-ium-1-yl)(1-methyl-

1H-imidazol-3-ium-1-yl) dihydroboronium dicyandiamide (positive) solvent (CH2Cl2).
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Figure S11 HRMS-ESI spectrum of (1-propyl-1H-imidazol-3-ium-1-yl)(1-methyl-

1H-imidazol-3-ium-1-yl) dihydroboronium dicyandiamide (negative) solvent 

(CH2Cl2).
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Figure S12 1HNMR (400 MHz) of (1-vinyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-D6.
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Figure S13 13CNMR (101 MHz) of (1-vinyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-D6.
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Figure S14 11BNMR (193 MHz) of (1-vinyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-D6.
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Figure S15 HRMS-ESI SPECTRUMof (1-vinyl-1H-imidazol-3-ium-1-yl)(1-methyl-

1H-imidazol-3-ium-1-yl) dihydroboronium dicyandiamide (positive) solvent (CH2Cl2).
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Figure S16 HRMS-ESI SPECTRUM of (1-vinyl-1H-imidazol-3-ium-1-yl)(1-methyl-

1H-imidazol-3-ium-1-yl) dihydroboronium dicyandiamide (negative) solvent 

(CH2Cl2).
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Figure S17 
1
HNMR (400 MHz) of (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-D6.
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Figure S18 13CNMR (101 MHz) of (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-D6.
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Figure S19 11BNMR (193 MHz) of (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-D6.
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Figure S20 HRMS-ESI SPECTRUM of (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-

1H-imidazol-3-ium-1-yl) dihydroboronium dicyandiamide (positive) solvent (CH2Cl2).



S26

Figure S21 HRMS-ESI SPECTRUMof (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-

1H-imidazol-3-ium-1-yl) dihydroboronium dicyandiamide  (negative) solvent 

(CH2Cl2).
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Figure S22 1HNMR (400 MHz) of (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-
imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-D6.
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Figure S23 13CNMR (101 MHz) of (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-
imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-D6.
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Figure S24 11BNMR (193 MHz) of (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-
imidazol-3-ium-1-yl) dihydroboronium dicyandiamide in DMSO-D6.
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Figure S25 HRMS-ESI SPECTRUMof (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-

1H-imidazol-3-ium-1-yl) dihydroboronium dicyandiamide (positive) solvent (CH2Cl2).
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Figure S26 HRMS-ESI SPECTRUM of (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-

1H-imidazol-3-ium-1-yl) dihydroboronium dicyandiamide (negative) solvent 

(CH2Cl2).
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Figure S27 1HNMR (400 MHz) of (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride in DMSO-D6. 
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Figure S28 13CNMR (101 MHz) of (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-
imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride in DMSO-D6.
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Figure S29 HRMS-ESI spectrum of (1-ethyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride (positive) solvent (H2O).
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Figure S30 1HNMR (400 MHz) of (1-propyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride in DMSO-D6.
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Figure S31 13CNMR (101 MHz) of (1-propyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride in DMSO-D6.
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Figure S32 HRMS-ESI spectrum of (1-propyl-1H-imidazol-3-ium-1-yl)(1-methyl-

1H-imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride (positive) solvent 

(H2O).
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Figure S33 1HNMR (400 MHz) of (1-vinyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride in DMSO-D6.
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 Figure S34 13CNMR (101 MHz) of (1-vinyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride in DMSO-D6.
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Figure S35 HRMS-ESI SPECTRUMof (1-vinyl-1H-imidazol-3-ium-1-yl)(1-methyl-

1H-imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride (positive) solvent 

(H2O).
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Figure S36 
1
HNMR (400 MHz) of (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride in DMSO-D6.
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Figure S37 13CNMR (101 MHz) of (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride in DMSO-D6.
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Figure S38 HRMS-ESI SPECTRUMof (1-allyl-1H-imidazol-3-ium-1-yl)(1-methyl-

1H-imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride (positive) solvent 

(H2O).
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Figure S39 1HNMR (400 MHz) of (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-
imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride in DMSO-D6.
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Figure S40 13CNMR (101 MHz) of (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-1H-

imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride in DMSO-D6.
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Figure S41 HRMS-ESI SPECTRUMof (1-butyl-1H-imidazol-3-ium-1-yl)(1-methyl-

1H-imidazol-3-ium-1-yl) dihydroboronium cyanoborohydride (positive) solvent 

(H2O).

3.Computational details

Figure. S42.  NPA charge of the BH2(NH3)2
+.

3.1 Geometry optimizated coordinate for the cations
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C        4.140500000     -1.444576000      0.271194000

C        5.413038000     -1.365705000      0.666003000

H       -2.989446000     -0.235961000     -1.879349000

H       -3.988013000     -0.712132000      2.199029000

H       -1.848906000      1.027157000      1.971870000

H       -4.747256000     -2.622968000      0.147414000

H       -5.846006000     -1.219745000      0.020343000

H       -4.919305000     -1.758864000     -1.398597000

H       -1.128914000      1.437747000     -1.999289000

H       -1.207968000      2.697943000     -0.415236000

H        0.949611000     -0.271894000     -1.900292000

H        3.246424000      1.190279000      1.328530000

H        0.757112000      2.417460000      1.332173000

H        3.204935000     -1.239773000     -1.660696000

H        4.324639000      0.068453000     -1.250871000

H        3.461565000     -2.158245000      0.735521000

H        5.801906000     -2.009580000      1.448316000

H        6.113654000     -0.668393000      0.212299000

C        3.324881000     -0.819414000      0.522715000

N        4.468521000     -0.709006000     -0.175635000

C        4.628257000      0.621322000     -0.520363000

C        3.551903000      1.288309000     -0.007201000

N        2.740535000      0.374623000      0.638619000

C        5.400245000     -1.796788000     -0.488827000



S52

B        1.412391000      0.682888000      1.442139000

C       -0.789631000     -0.283065000      0.482836000

N       -1.741404000      0.014023000     -0.418845000

C       -1.374812000      1.191781000     -1.044723000

C       -0.187328000      1.578132000     -0.490520000

N        0.171582000      0.643482000      0.462531000

C       -2.994106000     -0.735118000     -0.638476000

C       -4.203586000     -0.081088000      0.038736000

C       -5.494597000     -0.876695000     -0.204199000

C       -6.715033000     -0.236625000      0.466925000

H        2.951727000     -1.738664000      0.946896000

H        5.483334000      0.970177000     -1.077911000

H        3.315717000      2.340245000     -0.027295000

H        6.373233000     -1.590497000     -0.038440000

H        5.006702000     -2.728387000     -0.082078000

H        5.506086000     -1.892184000     -1.571274000

H        1.257274000     -0.190624000      2.253798000

H        1.507152000      1.788996000      1.896976000

H       -0.811200000     -1.137687000      1.141119000

H       -1.982079000      1.646495000     -1.811498000

H        0.416047000      2.448845000     -0.690837000

H       -3.140169000     -0.812050000     -1.719957000

H       -2.831381000     -1.746963000     -0.257183000

H       -4.011271000      0.000998000      1.116147000

H       -4.323388000      0.942274000     -0.339195000

H       -5.672447000     -0.961051000     -1.284619000

H       -5.366688000     -1.901674000      0.169031000

H       -7.618089000     -0.823118000      0.274697000

H       -6.584307000     -0.173024000      1.552829000

H       -6.889998000      0.777097000      0.089983000
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N(CN)2
- + H+ HN(CN)2

Figure S41 protonation reaction of dicyandiamide  anion

Table S1 Heat of formation of the compound

Compounds Heat of the formation

1-methylimidazole 127.1[a]

1-ethylimidazole 97.91[b]

1-propylimidazole 76.2[b]

1-butylimidazole 55.4[b]

1-vinylimidazole 223.7[b]

1-allylimidazole 212.8[b]

NH3 -45.9[a]

BH2(NH3)2+ 418.46[b]

[a] The data was got from the NIST [b]Heat of formation was calculated based on G2

Table S2 Enthalpies of the gas-phase species of cations and anions (based on 

isodesmic reactions).

Compound E0(a.u.) ZPE(a.u.) TC(a.u.) HT KJ/mol   

1-methylimidazole -264.8298954 0.098967 0.105307 15.9798432

1-vinylimidazole -302.80676 0.103732 0.110759 17.71141296

2-buthylimidazole -382.4209903 0.184402 0.194616 25.74418272

1-propylimidazole -343.2252806 0.155963 0.164841 22.37682144

1-allylimidazole -342.0020938 0.132327 0.140673 21.03592608

1-ethylimidazole -304.0292598 0.12753 0.135051 18.95653008

CH4 -40.3796279 0.044816 0.048629 9.61059024

NH3 -56.4154632 0.034373 0.038191 9.62319264

BH2(NH3)2
+ -138.6134981 0.104521 0.110416 14.8582296

Table S3 Enthalpies of the gas-phase species of cations (based on isodesmic reactions)

Compound E0(a.u.) ZPE(a.u.) TC(a.u.) HT KJ/mol

2a -594.7005807 0.2562 0.271208     37.82736384

2b -593.474067 0.232351 0.24681 36.44362032

2c -633.8972456 0.284599 0.301002 41.34343344
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2d -632.6742095 0.261018 0.276829 39.85130928

2e -673.0934798 0.312987 0.330777 44.8393392

Table S4 Optimized structures of cations of the ionic liquid

Ionic liquids Cations

3a

3b

3c

3d
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          3e

Table S7 The lattice energy with heat of formation of cation and anion of ionic salts

Compound ΔHL [kJ mol-1]

ΔHf
[

(cation) 

[kJ mol-1]

ΔHf

(anion) [kJ mol-1]

3a 430.07 572.51 118.6

3b 430.33 708.55 118.6

3c 419.00 549.99 118.6

3d 421.89 685.29 118.6

3e 413.56 526.93 118.6

4a 433.04 572.51 -80.6

4b 422.95 708.55 -80.6

4c 436.47 549.99 -80.6

4d 429.36 685.29 -80.6

4e 414.84 526.93 -80.6


