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The binding energy of KAN dimer and KAN – CAS complex has been calculated using the following 
equations:

∆ Ed = Ed − 2Em,
∆ Ec = Ec − Em − ECAS ,

where Ed, Em, Ec, ECAS are the total energies of dimer, monomer, complex and CAS fragment respectively.

Results and discussion
Na-CAS and KAN aqueous solutions mixing results in the formation of insoluble hydrophobic product 

due to the co-operative interaction between functional groups of polyelectrolyte chain and AB molecules. The 
terms «complex of an antibiotic with a polymer» or «polymeric salt of an antibiotic» are used in literature to 
refer to similar substances [18].

Depending on the components solutions concentrations, the complex dispersion can be obtained as either 
a sol (c < 10–5 mol/dm3) or suspension (c > 10–5 mol/dm3), the optical densities of which are proportional to the 
size and concentration of the complex particles.

As follows from fig. 2, the composition of the complex corresponds to  [Na-CAS] :  [KAN] = 2.4 : 1.0 
and [Na-CAS] : [KAN] = 2.0 : 1.0 at direct and inverse titration respectively.

There are four possible protonation sites in the KAN molecule (nitrogen atoms of four amino groups). 
The protonation of AB molecules affects their conformation and interaction with target biomolecules. For 
this reason, data on the thermodynamics of aminoglycoside protonation together with exact assignment of 
the protonation sites are necessary for the interpretation of their activity. According to the data [23] the step-
wise protonation constants pKa of KAN are 9.16 (С6′ (ring А)), 8.27 (С1 (ring В)), 7.52 (С3″ (ring С)) and 
6.28 (С3 (ring В)). In this work, we performed a quantum-chemical study of the relative stability of the proto-
nated forms of KAN in aqueous solution to determine the preferred protonation sites. Figure 3 represents the 
optimised structures of four KAN A ions with different protonated amino groups.

Table 1 lists the relative (the smallest value has been taken as zero) Gibbs free energies of the ions. The 
results of quantum chemical calculations show that the stability of protonated forms of KAN A decreases as 
follows

С6′ (ring А) ~ С1 (ring В) > С3 (ring В) > С3″ (ring С).
The results obtained agree with the experimental data [23] on the protonation sequence of the amino groups 

of KAN A molecule in aqueous solution:
С6′ (ring А) → С1 (ring В) → С3″ (ring С) → С3 (ring В).

The pKa values of the deprotonation for each amino group of KAN A ions were calculated and compared 
with experimental data [23] (table 2). The calculation results agree with experimental data.

Fig. 2. Colloid titration curves: a – for Na-CAS solution by KAN solution;
b – for KAN solution by H2O after complex formation (1)

and by KAN solution (2) at pH 6.0.  
z = [Na-CAS] : [KAN]


