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Ta b l e  1

Calculated the relative Gibbs free energies of KAN A ions
with different protonated amino groups

Ion Site of protonation (ring and number of carbon atom) ∆G, kJ/mol

Ion-1  А, С6′   2.13

Ion-2 В, С1   0.00

Ion-3 В, С3   8.57

Ion-4  C, С3″ 16.47

Ta b l e  2 
Calculated and experimentally determined pKa value of KAN A

Site of protonation  
(ring and number of carbon atom) CAM-B3LYP/6-31G(d)/6-311 + G(d, p) Experimental 

data

 А, С6′ 9.61 9.16

В, С1 9.99 –

В, С3 8.48 –

 C, С3″ 7.10 –

Thus, the preferred protonation sites of KAN in aqueous solution were determined: amino groups at the 
C6′ (ring A) and C1 (ring B). Further, this will be taken into account when calculating the structure of the 
Na‑CAS – KAN complex.

Gradual protonation of KAN base caused by adding calculated amounts of hydrochloric acid to KAN 
aqueous solution followed by the rearrangement of AB hydrogen bonds system. Table 3 shows that there is 
a tendency to shift bands in FTIR spectra of KAN solutions with different concentrations of HCl but to a cer-
tain limit. The position of the bands ceases to change after the tetra protonated KAN is formed. For example, 
OH group of one of the terminal ring involved in the hydrogen bond with NH2 group is responsible according 

Fig. 3. Optimised structures for KAN A ions 
 with different protonated amino group:

ion-1 – С6′ (ring А); ion-2 – С1 (ring В);  
ion-3 – С3 (ring B); ion-4 – С3″ (ring С)


