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ABSTRACT 

Both D-glucose and D-fructose bind NaOH at 303 K in aqueous medium, with 
association constants of 24 and 25 L.mol-‘, respectively. The polarity of the 
medium significantly affects the association process. Calculation has shown that, at 
303 K, 1 ,Cdioxane, acetone, and ethyl alcohol can totally stop the association pro- 
cess between D-glucose and NaOH at dielectric constants of 52.2,44.6, and 53.5, 
respectively, whereas the respective dielectric constants of the solvents required for 
completely stopping the association process between D-fructose and NaOH are 
54.6, 47.0, and 55.0. At equidielectric levels, the changes in free energy for the 
binding process are more or less similar, whereas the enthalpy and entropy changes 
differ. In this regard, acetone is the most, and 1 ,Cdioxane the least, effective of the 
three solvents. In the mixed media, the binding process ends with an altered sol- 
vent structure. The ordering of the environment, that is, the AS”, exactly compen- 
sates the enthalpy, AH”, with a compensation temperature of 298 K. Except for 
acetone-water at E 74.5, the energetics of the binding process for both of the carbo- 
hydrates are similar in all of the mixed media. The carbohydrate-base complexes 
are, therefore, physicochemically similar. 

INTRODUCTION 

Carbohydrates are known to interact with baseslw6. In this process, they un- 
dergo degradation, the mechanism and course of which have been studied in de- 
tai17-9. The interactions of salts with hexoses was studied by uslo, and the work was 
extended to use of certain bases’T2,6. It was observed that weak bases, and low con- 
centrations of strong bases, do not readily degrade the sugars, but that they form 
fairly stable complexes with the hexoses ‘l-l3 This led us to conclude that a carbo- . 

hydrate-base complex is formed prior to degradation. The stability constants and 
energetics of the interactions were evaluated. Such a study was also extended to the 
polymeric carbohydrate amylose14. Interaction of NaOH, KOH, Ca(OH)2, and 
NH40H with this biopolymer was studied from physicochemical standpoints. In 
addition to lengthening the polymer coil, these bases showed a fair degree of bind- 
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ing. In an attempt to determine the nature of the carbohydrate-base complex, the 
effect of the polarity of the medium was examined. It was observed that the stabil- 
ity of the complex was directly proportional to the dielectric constant of the 
medium, and an ion-dipolar type of association was anticipated, but a detailed in- 
vestigation from the thermodynamic point of view was not conducted. 

We now describe the dielectric constant-affected complexation of D-fructose 
and D-glucose with NaOH. The polarity of the aqueous medium was varied by ad- 
ding ethyl alcohol, acetone, and 1 ,Cdioxane in various proportions. The energetics 
of the complexation process were evaluated under equidielectric conditions. It was 
expected that, under the conditions of equipolarity, specific effects of the added 
solvents would be displayed. Drastic degradations of D-fructose and D-glucose 
under the influence of NaOH had been studied by us*‘, and specific roles of the 
nonaqueous solvents were anticipated from the results. 

EXPERIMENTAL 

Materials. - D-Fructose and D-glucose were A.R. (BDH) grade. The NaOH 
was G.R. (Merck). The nonaqueous solvent alcohol was supplied by EIPW, India. 

Acetone and 1,4-dioxane were obtained from SDS, India. The solvents were 
purified by distillation prior to use. Doubly distilled water of specific conductance 
2.0-2.5 pmho.cm-’ at 298 K was used for preparing solutions. 

Methods. - Resistance measurements were made with a Philips conductivity 
bridge operated in the range of minimum error. The dip type of conductivity cell 
used for measurements had a cell constant of 1.3 cm-‘. 

All measurements were made for systems kept in a water bath held at a con- 
stant temperature of accuracy within f0.02 K. Temperatures of experiments were 
288,298, and 303 K. 

Procedure. - Stock solutions of D-fructose and D-glUCOSe were prepared in 
distilled water, and stored in stoppered, Pyrex glass bottles, unnecessary exposure 
to air being avoided as far as practicable. The NaOH solution was standardized by 
titration against standardized HCl of G.R. (E. Merck) grade. Solutions of differ- 
ent concentrations of the carbohydrates were then prepared in aquo-organic 
media. In actual measurement, each solution contained 2mM NaOH which was in 
a wide test-tube into which the dip type of conductivity cell was placed. There were 
arrangements for addition of alkali and for bubbling nitrogen through the stopper 
of the wide test-tube. The tube was placed in the thermostated bath, and allowed 
to attain constant temperature, and nitrogen was continuously bubbled through the 
solution to keep air out. The resistance of the solution was measured. 2mM NaOH 
solution was then progressively added to the solution, and, after each addition, 
sufficient time was allowed for mixing and for attainment of the constant tempera- 
ture, followed by measurement of the resistance. Sufficient data were collected for 
graphical evaluation of the stability constant ‘. The procedure was adopted for all 
three nonaqueous solvents studied. All runs were performed in duplicate to 
minimize experimental error. 
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RESULTS 

The specific conductance of 2mM solutions was observed to decrease with in- 
creasing carbohydrate content, in water as well as in the mixed-solvent media. 
Evaluation of the carbohydrate-base association constant, KA, was made from the 
following relationship, deduced earlie?. 

k’/k = 1 - (1000 K,lM)(k’c/k) 

where k’, k, M, and c are respectively the specific conductance of the solution in 
the presence of a carbohydrate, that in the absence of a carbohydrate, the molecu- 
lar weight of the carbohydrate, and its concentration in g/mL. 

The fit of this relation to the results was quite satisfactory, with a good degree 
of correlation (0.990). The association constants derived from the least-squares 
analysis at different dielectric constants of the media are given in Tables I and II. 

Thermodynamic parameters were evaluated under equidielectric conditions. 
Differences among the solvents would then reflect their specific effects. Two dielec- 
tric constants, 76.5 and 74.5, were chosen. Lower polarity appreciably lessened the 
complexation, and was not used, in order to avoid the influence of experimental er- 

TABLE I 

ENERGETICS OFTHE D-GLUCOSE-NaGH BINDING PROCESS IN DIFFERENT MIXED-SOLVENT MEDIA AT 303 K 

Solvent 

Water 

1,4-Dioxane-water 

Acetone-water 

Alcohol-water 

Dielectric KA -A G” -AH” -A!? 
constant (L.mol-‘) (kJ.moi-‘) (kJ.mol-‘) (Jo. K-‘.mol-‘) 

77.3 27.3 8.1 63.3 24.0 

76.5 23.5 8.0 23.1 51.8 

74.5 22.6 7.9 22.3 47.5 

76.5 23.3 8.0 12.8 15.9 

14.5 23.1 8.0 5.9 7.4 

76.5 24.0 8.0 14.2 20.2 

74.5 22.6 7.9 11.3 11.3 

TABLE II 

ENERGETICS OF THE D-FRUCTOSE-NaOH BINDING PROCESS IN DIFFERENT MIXED-SOLVENT MEDIA AT 303 K 

Solvent 

Water 

1 ,CDioxane-water 

Acetone-water 

Alcohol-water 

Dielectric KA -AG” -AH” -AsO 
constant (L.mol-‘) (kJ.mol-‘) (kJ.mol-‘) (JO.K-‘.mol-‘) 

77.3 25.0 8.16 27.35 63.34 

76.5 23.3 8.08 23.91 52.53 

74.5 22.6 7.90 21.83 46.0 

76.5 23.54 8.00 14.59 21.74 

74.5 23.30 7.98 10.51 8.46 

76.5 24.02 8.05 16.43 27.62 

74.5 23.06 8.05 12.97 16.30 
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Fig. 1. Van’t Hoff plot for the evaluation of dH” of the D-glucose-NaOH and D-fructose-NaOH in- 
teractions at different dielectric constants of the medium. [Curve 1, D-glucose-NaOH in alcohol-water 
medium at E = 76.5; curve 2, D-glucose-NaOH in alcohol-water medium at E = 74.5; curve 3, D-fruc- 
tose-NaOH in acetone-water medium at E = 76.5; curve 4, D-fructose-NaOH in 1,4dioxane_water at 
E = 74.5.1 

rors on the results, particularly at higher temperatures (yielding lower association 
constants). The energetics were evaluated through determination of the association 
constants at temperatures of 288,293,298, and 303 K. Van ‘t Hoff plots yielded the 
enthalpy, AH’, from the slope (see Fig. 1). The entropy change, AS”, was calcu- 
lated from the Gibbs equation. These values are also given in Tables I and II. 

DISCUSSION 

The results, presented in Figs. 2 and 3, indicated that, for both of the carbo- 
hydrates, the effectivity of the nonaqueous solvents in lowering the association 
constant (KA) follows the order, 1,Cdioxane > acetone > alcohol. This is also the 
order of the solvents affecting the polarity of the medium. For D-glUCOSe, the slopes 
of the lines produced by 1,4-dioxane, acetone, and alcohol are 3 X 104, 1.8 X 104, 
and 0.7 x 104, respectively. The respective slopes for D-fructose are 3.8 X 104, 2.5 
X 104, and 1.6 x 104. Except for alcohol, the effectivities are comparable. When 
compared on the basis of the polarity of the medium, a linear trend is observed (see 
Figs. 4 and 5). The steep slopes of the lines mean strong dependence of KA on E. 
The extrapolated E values that correspond to KA = 0 are 52.2, 44.6, and 53.5, re- 
spectively, for l,Cdioxane, acetone, and alcohol, for the D-glucose-NaOH system. 
The respective values are 54.6, 47.0, and 55.0 for the D-fructose-NaOH system. 
The minimum dielectric constant required for complex-formation is then 45. 



INTERACTION OF SODIUM HYDROXIDE WITH D-FRUCTOSE AND D-GLUCOSE 205 

:_L------ 
0 10 20 30 40 : 

x,x103 - 

I 

Fig. 2. Dependence of KA on the mole fraction of the organic solvents for D-glucose-NaOH interaction 
at 303 K. [Curve 1, l,Cdioxane-water; curve 2, acetone-water; and curve 3, alcohol-water.] 
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Fig..3. Dependence of KA on the mole fraction of the organic solvents for D-fructose-NaOH interac- 
tion at 303 K. [Curve 1, l,Cdioxane-water; curve 2, acetone-water; and curve 3, alcohol-water.] 

At the equidielectric value (E = 76.5 and 74.5), the association constants, 

&, for both the D-fructose-NaOH and D-glucose-NaOH systems are -23 

L.mol-‘. The values in the aqueous medium are -25 L.mol-‘. Although the 
changes in free energy are not appreciable, the changes in enthalpy and entropy are 

significant. Almost unaltered free-energy but altered enthalpy and entropy mean 

that the complexation process is not entropy-controlled. In the light of the energ- 

etics, 1 ,Cdioxane forms the solvent structure the most, and acetone the least, read- 

ily. On the whole, ordering of the environment is a general feature of the process. 
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Fig. 4. Dependence of KA on the dielectric constant of the medium for o-glucose-NaOH interaction at 
303 K. [Curve 1, acetone-water; curve 2, alcohol-water; curve 3, l,Cdioxane-water (ordinate scales 
correspond to curve numbers).] 
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Fig. 5. Dependence of KA on the dielectric constant of the medium for n-fructose-NaOH interaction 
at 303 K. [Curve 1, alcohol-water; curve 2, acetone-water; curve 3,1,4-dioxane-water (ordinate scales 
correspond to curve numbers).] 
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Fig. 6. Enthalpy-entropy compensation plot for D-glucose-NaOH and D-fructose-NaOH interaction. 
[Key: 0 = D-glucose-NaOH; 0 = D-fructos+NaOH.] 

Almost the same magnitudes of AH” and AS” had been observed for amylose-base 
interactionst4; the AG” values, on the other hand, are low. The two sets of data for 
each solvent at two, not widely different, dielectric constants have a common fea- 
ture, that is, AH” and AS” increase with decrease in E. Increase in the proportion 
of a solvent causes evolution of less heat, and, consequently, an increase in the en- 
tropy change; this is particularly prominent in the case of acetone. Like many 
equilibrium processes 16*17, the enthalpy and entropy nicely compensate each other; 
this is shown in Fig. 6. The line has a correlation coefficient of r = 0.99. The com- 
pensation temperature, 302 K, agrees closely with the experimental temperature of 
303 K. A single line closely describing the behavior of both of the carbohydrates 
means a similar physicochemical nature of the complexes18. Except for acetone- 
water at E 74.5, the energetics for both D-glucose-NaOH and D-fructoseNaOH 
systems are close. The base NaOH binds similarly with both D-glucose and D-fruc- 
tose (similar AGO), the structural arrangement of the solvent in all situations being 
affected by the nonfree part of the involved heat. 
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