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Abstract—Equilibrium between acyclic and cyclic forms of glucose in ethanol has been simulated by quantum 
chemistry methods. The cyclic form prevails in the ethanolic solution. Solvation of glucose molecules is 
accompanied by additional structurization, the effect being more prominent in the case of the linear form. 
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Mesomorphic carbohydrate-based compounds have 
been studied for quite a long time. The first report on 
the unusual behavior of monosaccharides containing a 
long alkyl fragment dates back to the early 20th century 
[1, 2]. In the later paper, such compounds have been 
described as liquid crystals stabilized by hydrogen 
bonding [3]. Modern studies of liquid crystals 
containing carbohydrate fragments [4] have revealed 
that they can possess thermotropic or liotropic 
properties, depending on the hydrophilic-hydrophobic 
balance of the molecule.  

Conformations of monosaccharides in the crystal 
form and in the solution are substantially different; 
therefore, the study of solvent effects on the 
conformation state is of definite importance. A wide 
spectrum of experimental and theoretical methods has 
been applied to determine the monosaccharides conforma-
tion in aqueous media [5, 6]. Further interest to studies 
of carbohydrates hydration has been due to the 
significant role of the latter in conformation trans-
formations and thermal stabilization of globular 
proteins [7]. 

Our interest to this field has emerged from the 
problem of identification of products of glucose inter-
action with 4-aminobenzoic acid esters. 

Quantum-chemical simulation of solvation of the 
model molecules (cyclic and acyclic forms of D-
glucose) in ethanol was run in the frame of the self-
consistent reaction field applying the РСМ approach 
implemented in the GAMESS software [8], using the 
DFT B3LYP/6-31G method. The simulations were run 
with the full geometry optimization without any sym-
metry constrains; the second derivatives matrix was 
calculated for each stationary point. All discussed struc-
tures possessed real vibration frequencies exclusively.  

In the crystal state, glucose exists in the form of D-
glucopyranose [9–11], whereas various stereoisomeric 
and conformational transitions are typical of its 
aqueous solutions [7]. The alkalization or acidification 
of the monosaccharide solution shifts tautomeric 
equilibrium between the cyclic and the acyclic forms 
to the side of the latter [12]. 

The interaction of glucose with 4-aminobenzoic 
acid can yield products of the reaction with either 
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Glucose form Еel, kcal/mol ΔНsolv, kcal/mol ΔSsolv, cal mol–1 K–1 ΔGsolv, kcal/mol 

Acyclic –20.67 –1.13 –5.38   0.47 

Cyclic –16.26 –4.42 –3.58 –3.39 

Solvation energy and thermodynamic parameters of glucose tautomeric forms in ethanola 

a Еel is the energy of electrostatic interaction between the solute and the solvent; ΔНsolv includes the zero oscillations energy. 



cyclic or acyclic glucose form, depending on the one 
prevailing in the solution (Scheme 1). 

The electrostatic term of the solvation energy for 
both tautomeric forms of glucose is given in the table 
along with thermodynamic parameters of solvation. 

Solvation energy of the acyclic glucose form was 
more negative. 

The equilibrium state in the tautomeric pairs is 
determined by the forms energy values if their 
difference is below 4.78 kcal/mol [13]. In the case of 
the studied tautomeric pair, the energy difference was 
7.04 kcal/mol; hence, the cyclic glucose form 
prevailed in ethanolic solution. 

According to the simulation results, solvation of 
both glucose forms in ethanol was exothermic, the 
ΔНsolv being 4 times lower in the case of the linear 
form. The entropy term of the solvation free energy 
was negative, pointing at additional structurization 
upon solvation, the effect being more prominent in the 
case of the linear tautomer. 
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