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(1) ATIR analysis  
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Figure S1. ATIR spectrum of CCBU zwitter ion 

          In the above spectrum, the broad peak at 3307 cm-1 was due to stretching vibrations of 

–CH2–OH group. The broadness of the peak could be due to hydrogen bonding of hydroxyl 

group with chloride in the zwitter ion. The –CH2 stretching vibrations were observed at 1473 

cm-1. The –CH3 stretching vibrations were obtained at 2950 cm-1. The stretching vibrations of 

C-N group appeared at 1163 cm-1.1 The strong peak at 1023 cm-1signified the stretching 

vibration of S=O group. 

 

Figure S2. ATIR spectrum of CCBU ionic liquid 

         In the above spectrum, peak at 1037 cm-1 was observed due to formation of –SO3H 

group.2 The C-O stretching vibrations were observed at 952 cm-1. The peaks in the range of 

700 – 900 cm-1 were due to bending vibrations of –CH2-CH2- groups. 
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(2)  1H and 13C NMR analyses  

 

Figure S3. 1H NMR spectrum of CCBU zwitter ion 

 

Figure S4. 13C NMR spectrum of CCBU zwitter ion 

            Figures 3 and 4 illustrated the 1H NMR and 13C NMR spectra of CCBU zwitter ion 

formed by the reaction between choline chloride and 1,4 butane sultone.  In 1H NMR 

spectrum, the singlet peak at a chemical shift (δ) value of 3.34 ppm with high intensity was 

attributed to the three symmetrical –CH3 groups attached to quaternary ammonium group of 

cholinium cation in zwitter ion. The two –CH2- groups between quaternary ammonium group 

and hydroxyl group of cholinium cation showed a triplet at a δ value of 3.70 and 4.09 ppm, 
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respectively. A singlet peak at 4.25 ppm was observed for –OH group of cholinium cation. 

After ring opening, all the –CH2 groups of butane sultone formed different chemical 

environment and showed triplet, multiplet and triplet at δ values of 2.83 (Cl-CH2-), 1.92 (-

CH2-CH2-) and 3.58 ppm (SO3-CH2) respectively. The peak at δ value of 7.7 ppm was due to 

CDCl3 solvent. 

         In 13C NMR, Cl-CH2-CH2- group in zwitter ion was observed at 22.81 ppm. Peak at 

31.51 ppm corresponded to S-CH2-CH2- group. Cl-CH2 and S -CH2 were obtained at 44.89 

ppm and 50.95 ppm respectively. The N-(CH3)3 group was observed at 54.47 ppm. Also the 

peaks at 56.32 and 67.92 ppm were assigned to N-CH2- and –CH2-OH respectively. 

 

 Figure S5. 1H NMR spectrum of CCBU ionic liquid 
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Figure S6. 13C NMR spectrum of CCBU ionic liquid 

      Figures 5 and 6 signified the 1H NMR and 13C NMR spectrum of CCBU ionic liquid. 

Since the chemical environment of protons and carbon atoms remained same in both the 

zwitter ion and ionic liquid, the 1H and 13C spectra were almost similar with slight variation 

in chemical shift values.  

(3)  Gas chromatogram of reaction mixture 

 

Figure S7. Gas chromatogram of Reaction mixture 

The standard solutions and reaction mixture samples were analysed by gas 

chromatography (Agilent 6890N) using HP5 column (30m x 0.32 mm x 0.25 µm) and FID 

detector. In the above chromatogram, the retention times of 2.403, 5.810, 6.135 minutes 
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corresponded to the peaks of acetone, cumene and phenol respectively. The peaks were 

confirmed by injecting the corresponding standard solutions.  

The samples were analysed immediately after preparation. The kinetic measurements 

were performed by gas chromatographic (GC) analysis of samples. The percentage yield was 

calculated using areas of standard and test samples obtained through GC plots. As the 

reaction followed first order kinetics, the rate of the reaction was calculated by the formula, k 

t= ln(A0/A).  

The activation energy of reaction was obtained by Arrhenius equation,  

 ln 𝑘 =  − (
𝐸𝑎

𝑅
) (

1

𝑇
) + ln 𝐴 
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