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Abstract: The volumetric and viscometric studies of glucose, fructose, sucrose and maltose have been
determined in 0.05 M and 0.5 M KCI solutions at 298.15, 303.15, 308.15 and 313.15 K. The apparent
molar volume (¢,) values vary linearly with square root of concentration of KCI solution. The limiting
apparent molar volume (¢°,) has been interpreted in terms of solute-solvent interaction. The ¢°, values
vary with temperature and can be represented in the power series of structure making and breaking
capacity of electrolyte is inferred from the sign of dB/dT values. The apparent molar expansibility has
also been determined. Glucose, fructose, sucrose and maltose have been found to be structure maker
and breaker in aqueous KCI from molar volume as well as viscosity studies.
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Introduction

The study of apparent molar volume of electrolyte at infinite dilutions, B parameter of the
Jone-Dole and M and K parameter of Moulik equation for viscosity and their dependence on
temperature can furnish useful information on the nature of solute- solvent interactions. The
behavior of electrolyte in aqueous carbohydrate solutions recently has been a subject of
interest®. Sacharide molecules having several hydroxyl groups interact with metal ions to
produce a variety of metal-sacharide complexes. These complexes are weak, but the
interactions are specific*®. The range of applications of osmotic treatment is wide. Fruits,
vegetables, meat and fish can be osmotically treated preceding conventional processing®”.
Binary and ternary aqueous solutions of sugars, inorganic salts; alcohols and polyols can be
used as osmotic agents. The use of mixed blend makes it possible to take benefit from the
respective advantages of each solute. Therefore the understanding of osmotic treatment
needs to take in to account the physical properties of the aqueous solutions. Only few studies
are available on densities and viscosities of concentrated water + sugar + NaCI*®, The
objective of this work was to measure density and viscosity of the ternary system water +
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sugar + KCI and attempt had been made to correlate solute-solvent interaction, structure
maker/breaker properties and various type of other molecular interactions in the temperature
range 298.15 K to 313.15 K.

Experimental

Water used for solutions was triple distilled had specific conductance 5x10° mhos.cm™.
Glucose, fructose, sucrose, maltose and KCI (Analar R) with purity more than 99.9% were
vacuum dried and used as such. The solution of different molarities of these sugars (0.11 M-
0.25 M) were prepared by dissolving accurately weighed amount of sugars in (0.05 M and
0.5 M) aqueous solutions of KCI. The density and viscosity measurements® were carried out
by Bicapillary pycnometer and Ublhode viscometer respectively at 298.15, 303.15, 308.15
and 313.15 K in a glass wall thermostat water bath, temperature were recorded with the help
of thermometer having accuracy of +0.01 °C.

Results and Discussion

The apparent molar volume of glucose, fructose, sucrose and maltose in aqueous KCI
solutions has been calculated from density data by using the following equation**

¢V =M, / do - lOOO(d'do)/mdo (1)
Where dy is the density of solvent, d is density of solution and M, the molecular weight

of the salt and m is a molar concentration of solute. Errors in ¢, were calculated from the
following equation®.
Ady = (2Ad/d*)(1000/m+My) )
Equation (2) assumes error to be associated with the density of the solution (d) and solvent
(dg). Moreover, errors associated with determination of solution (dg) concentration are not the
limiting factor while calculating the apparent molar volume. The error in apparent molar
volume as derived from equation (2) was estimated from +0.162 cm® mol™ at 0.05M KClI
concentration to +0.399 cm®mol™ at 0.5M KCI concentration. The densities of various
solutions of glucose, fructose, sucrose and maltose in aqueous KCI obey Roots equation and
justify the use of Massion equation (3) for the estimation of the apparent molar volume.
(1)v=(|)ov+svc1/2 3)
Where ¢, and S, are calculated from the intercept and slope from the extrapolation of the plots
of ¢, versus C”. The values of limiting molar volume and slope S, are recorded in Table 1.

Table 1. The limiting apparent molar volume ¢°, and S, for (a) glucose (b) fructose (c)
sucrose and (d) maltose in aqueous KCI at different temperature.

(a) Glucose
Concentration of Temp., o°, Sy,
KCI, mol.L™ K cm®mol™ cm®.LY*Mol*”?

0.05 298.15 116.1(112.1) 35.1(34.0)
303.15 116.7(112.5) 36.1(36.1)
308.15 117.1(113.1) 38.4(37.4)
313.15 117.6(113.6) 39.3(38.1)

0.5 298.15 118.2 37.2
303.15 118.8 38.2
308.15 119.4 39.4

313.15 119.9 40.5




Chem Sci Trans., 2013, 2(2), 485-490

487

(b) Fructose:

Concentration of ~ Temp., o°, S,,
KCI, mol.L™? K cm*mol™ cm®.LY2Mol®”?
0.05 298.15 112.2(110.6) 29.2(28.0)
303.15 112.7(111.1) 31.2(30.1)
308.15 113.0(111.6) 33.7(31.5)
313.15 113.4(112.0) 34.4(32.2)
0.5 298.15 1144 31.4
303.15 114.8 33.4
308.15 115.3 35.8
313.15 115.6 36.7
(c) Sucrose
Concentration of Temp., o°, Sy,
KCI, mol.L™ K cm®mol™ cm® LY2Mol*?
0.05 298.15 216.9(215.4) 27.5(27.5)
303.15 217.8(215.5) 28.7(28.4)
308.15 218.8(215.5) 29.5(29.3)
313.15 219.6(215.6) 30.2(30.1)
05 298.15 218.2 29.9
303.15 219.1 30.8
308.15 220.5 315
313.15 221.5 32.6
(d) Maltose:
Concentration of Temp., 0%, Sy,
KCl, mol.L* K cm’mol™® cm®.LY2Mol®"?
0.05 298.15 222.3(217.3) 33.5(31.6)
303.15 222.4(217.3) 34.3(32.4)
308.15 222.5(217.4) 35.2(33.3)
313.15 222.6(217.5) 36.1(34.2
0.5 298.15 228.5 35.8
303.15 228.6 36.7
308.15 228.7 37.5
313.15 228.8 38.5

The intercept S, in Massion equation may be attributed to be as a measure of ion-ion or
solute-solute intercations™™, it is obvious from the sign of S, that solute-solute interaction
are present and increases with increase in concentration of KCI in glucose, fructose, sucrose
and maltose. The attractions are increasing with increase in temperature for sugars in
aqueous KCI solutions. The slope S, is positive for glucose, fructose, sucrose and maltose
solutions in aqueous KCI solutions. This positive S, values from Debye-Huckel theory™*
showed that sugars will be considerably associated in presence of ions.

¢°V is a measure of solute- solvent interactions. The ¢°Vvalues of sugar investigated in
aqueous KCI solutions and in water are large and positive. This indicates the presence of
strong solute- solvent interactions. It is further observed that ¢°, in all systems increases
slightly with increase in temperature suggesting loosening of solute- solvent interactions at
elevated temperatures.
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It is interesting to note further that ¢°, values of sugar solutions in water are further
influenced by addition of KCI in water. ¢°, Values of sugar solutions in presence of added
KCI are higher than those for sugars in pure water (Given in parenthesis in Table 1). This
indicates that the structure of water modified by sugars get enhanced in the presence of ions
of KCI. The limiting excess molar volumes of sugars for different compositions of KCI have
been estimated from equation (4)

AQ°, (excess) = ¢°, (sugar in KCI)-¢°,(Sugar in water) (4)

A¢®, (excess) increases with increase in concentration of KCI and almost remains
constant with increase in temperature (Table 2).

Table 2. Limiting excess molar volumes of sugars in KCI at different temperatures

Composition Temp. AQ°,
of KCI, M K Glucose  Fructose Sucrose Maltose
0.05 298.15 4.0 2.2 5.6 5.0
303.15 4.2 1.6 6.5 51
308.15 4.0 14 7.4 51
313.15 4.0 1.3 8.2 51
0.5 298.15 6.1 3.8 6.6 10.0
303.15 6.3 3.7 7.8 10.7
308.15 6.3 3.7 9.3 11.3
313.15 6.3 4.0 10.0 11.3

Viscosity data has been analyzed on the basis of John-Dole and modified John-Dole
equation’®?’.

ndme=1+AC%+BC (5)

ndmo= 1+BC--- (0.125-0.3m) (6)

Where ns and mg are viscosities of solutions and solvent respectively, A and B are
constants. The values of A and B have been determined from intercept and slope of linear
plots of ng/mo-1/ C ¥ versus C ¥ for equation (5) and B* as a slope of modified John-Dole
equation for the plot of ns/mg versus C. The values are listed in Table 3.

Table 3. Values of John-Dole and modified John-Dole parameter for (a) glucose (b) fructose
(c) sucrose and (d) maltose solutions in aqueous KCI at different temperatures

(@) Glucose
Concentration Temp., Jone Dole Parameters Modified Jone Dole
of KCI, mol.L™* K A B Parameters B*
0.05 298.15 0.068(-0.008)  0.448(0.559) 0.400(0.534)
303.15 0.015(0.003)  0.368(0.487) 0.389(0.506)
308.15 0.065(0.01)  0.340(0.478) 0.318(0.486)
313.15 0.003(-0.017)  0.322(0.408) 0.309(0.466)
0.5 298.15 0.041 0.368 0.385
303.15 0.009 0.344 0.372
308.15 0.028 0.326 0.353

313.15 0.038 0.300 0.338
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(b) Fructose

Concentration Temp., Jone Dole Parameters Modified Jone Dole
of KCI, mol.L™* K A B Parameters B*
0.05 298.15  0.007(0.064) 0.405(0.565) 0.410(0.603)
303.15 0.003(0.004)  0.395(0.53)  0.395(0.545)
308.15 -0.014(0.026)  0.380(0.451) 0.382(0.494)
313.15  0.024(0.007)  0.345(0.417) 0.370(0.432)
05 298.15 0.24 0.469 0.468
303.15 -0.01 0.455 0.441
308.15 -0.02 0.450 0.431
313.15 -0.02 0.434 0.412
(c) Sucrose
Concentratior]1 Temp., Jone Dole Parameters Modified Jone Dole
of KCI, mol.L K A 5 Parameters B
0.05 298.15  0.194(-0.02)  0.576(1.025) 0.801(0.982)
303.15 0.153(-0.005)  0.541(0.975) 0.718(0.954)
308.15 0.192(-0.004)  0.396(0.947) 0.618(0.927)
313.15 0.204(-0.012)  0.291(0.931) 0.527(0.901)
0.5 298.15 0.099 0.599 0.706
303.15 0.103 0.510 0.623
308.15 0.141 0.366 0.524
313.15 0.163 0.254 0.438
(d) Maltose
Concentration Temp. Jone Dole Parameters Modified Jone Dole
of KCI, mol.L™ K A B Parameters B*
0.05 298.15  -0.017(0.002)  1.027(0.971) 1.00(0.992)
303.15  -0.058(0.054)  1.006(0.832) 0.933(0.927)
308.15  -0.017(0.041)  0.889(0.786) 0.863(0.861)
31315  -0.016(0.028)  0.882(0.742) 0.789(0.796)
0.5 298.15 0.006 0.919 0.923
303.15 0.007 0.887 0.882
308.15 0.008 0.859 0.866
313.15 -0.014 0.857 0.839

Parameter A of Jone-Dole equation represents the contribution from solute-solute
interactions'®. The positive and negative values are small in magnitude due to weak solute-
solute interactions. The parameter B and B* represents the structure-making/breaking
capacity of an electrolyte in a solution also contain a contribution from structural effects and
is responsible for solute- solvent interaction in a solvent'. It has been emphasized by a
number of workers that dB/dT is more important criterion® for determining solute -solvent
interaction, as positive B/B” coefficient obtained for glucose, fructose, sucrose and maltose
in aqueous KCI solution can be interpreted as merely due to large size of ion. The value
shown in parenthesis is that for respective parameters measured in water. Viscosity study of
a number of salts has shown that structure makers will have negative dB/dT.
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Conclusion

The positive value of excess molar volume of sugars in aqueous KCI solutions may be
attributed to the increase in the solute-solvent interactions at infinite dilutions. “A”
Parameter of Jone-Dole equation represents the contribution from solute-solute
interactions'®. The positive and negative values are small in magnitude due to weak solute-
solute interactions.

The temperature effect on glucose, fructose, sucrose and maltose in 0.05 and 0.5 M
aqueous KCI solution shows a negative sign of dB/dT showing thereby that sugars
investigated behaves as a structure maker.
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