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The method for estimating the enthalpy (−ΔH) of intermolecular H-bonds. 

According to literature1, the enthalpy (−ΔH) of intermolecular H-bonds in 1:1 H-bonded 

complexes in liquid phases (solutions) could be evaluated as follows: 

  
1 2

1 1 [kcal mol ] 0.33  [cm ] 40H                        (1) 

where Δν = νXHfree − νXHbonded represents the red-shift value of the νXH frequency caused by the 

formation of the H-bond with the XH group being the proton donor. For [Hy]– and [Hy···Hy]– of 

the present study, νNHfree and νNHbonded obtained from DFT calculations are 3656.61 and 3080.43 

cm–1, respectively, and Δν = 576.18 cm–1, so ∆H = – 31.95 kJ/mol. 
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Fig. S1 The Cartesian coordinates of the optimized structures at the B3LYP-D3/6-311++G (d, p) 

level. 
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(a). [P4442][Br] (D2O): cation, 0.89-0.92 (t, 9H, CH3), 1.15-1.23 (m, 3H, CH3), 1.39-1.56 (m, 12H, 

CH2), 2.11-2.21 (m, 8H, PCH2) ppm. 

 

 

(b). [P4442][Hy] (DMSO-d6): cation, 0.90-0.94 (m, 9H, CH3), 1.08-1.17 (m, 3H, CH3), 1.38-1.47 

(m, 12H, CH2), 2.14-2.24 (m, 8H, PCH2) ppm; anion, 3.28 (s, 2H, CH2), 3.36 (s, N−H) ppm. 
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(c). [P4442]2[Hy] (D2O): cation, 0.83-0.99 (m, 9H, CH3), 1.01-1.15 (m, 3H, CH3), 1.29-1.48 (m, 

12H, CH2), 1.68-2.11 (m, 8H, PCH2) ppm; anion, 3.77 (s, 2H, CH2) ppm. σδ 

 

(d). [HDBU][Hy] (DMSO-d6): cation, 1.23(m, 2H, CH2, 1), 1.52-1.73 (m, 6H, CH2, 2), 2.34-2.37 

(t, 2H, CH2, 3), 3.10-3.13 (t, 2H, CH2, 4), 3.21-3.26 (t, 4H, CH2, 5); anion, 3.72 (s, 2H, CH2); 3.46 

(s, N−H) ppm. 

Fig. S2 1H NMR spectra of ILs. (a), [P4442][Br] (D2O); ( b), [P4442][Hy] (DMSO-d6); (c), 

[P4442]2[Hy] (D2O); (d), [HDBU][Hy] (DMSO-d6). 
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Fig. S3 Thermogravimetric curve of ILs and CO2-absorbed ILs. (a), [P4442][Hy]; (b), [P4442]2[Hy]; 

(c), [HDBU][Hy]. 
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Fig. S4 The states of ILs at room temperature (~298 K). (a), [P4442][Hy] before CO2 absorption, 

after stirring and absorbing CO2; (b), [P4442]2[Hy]; (c), [HDBU][Hy]. 

 

 

 

 

Fig. S5 DSC curve of ILs. (a), [P4442][Hy]; (b), [HDBU][Hy]. 
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Fig. S6 Experimental viscosity of [P4442][Hy] and [P4442]2[Hy] at different temperatures, compared 

with [P4442][1-MHy] from our previous work.2 –, fitted by VFT equation.3  
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Fig. S7 The interaction energies of [P4442][Hy] and [P4442][Hy-CO2] ion pairs at the 

B3LYP-D3/6-311++G (d, p) level. 

 



S16 

 

0 50 100 150 200 250 300

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

 

 

C
O

2
 a

b
so

rp
ti

o
n

 (
m

o
l 

C
O

2
/m

o
l 

IL
)

Time (min)

 0.1 MPa

 0.08 MPa

 0.06 MPa

 0.04 MPa

 0.02 MPa

(a)

0.02 0.04 0.06 0.08 0.10
0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

 

 

 

 

CO
2
 Partial Pressure (MPa)

m
o

l 
C

O
2
 /

 m
o

l 
[P

4
4
4
2
] 2

[H
y

]

 303 K

 313 K

 323 K

 333 K

(b)

0.0030 0.0031 0.0032 0.0033
2.0

2.5

3.0

3.5

4.0

4.5

 

 

 

lnK=7050.72(1/T)-18.783

R
2
=0.9832

ln
K

1/T (K
-1
)

(c)

 

Fig. S8 (a) CO2 absorption behavior of [P4442]2[Hy] under different pressures; (b) CO2 saturation 

absorption of [P4442]2[Hy] at different temperatures and partial pressure; (c) The relationship 

between lnK and 1/T of [P4442]2[Hy].  
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Fig. S9 FT-IR spectra of pure and received [P4442]2[Hy] after CO2 five cycles of CO2 

absorption/desorption. 
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Fig. S10 Reaction of CO2 with 2-aminobenzonitrile catalyzed by ILs as a function of time. 

Reaction condition: 20 mol% of IL to 2-aminobenzonitrile, 353.15 K, without solvent, HPLC 

yield. 
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