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Abstract

Relative viscosities for the solutions of some biologically important
compounds (Fructose, galactose and succinic acid) at different concentrations
in water and in 0.5 mol kg™ aqueous sodium chloride and potassium chloride
solutions at 308 and 318 K have been determined. The data have been
analyzed using the Jones-Dole equation and the obtained parameters have
been interpreted in terms of solute-solute and solute-solvent interactions. The
activation parameters of viscous flow have been obtained which depicts the
mechanism of viscous flow. All these three compounds studied behave as
structure breakers in water and in sodium chloride and potassium chloride
solutions.
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Introduction
In continuation of earlier studies' on the determination of partial molar volumes of
transfer of some biologically important compounds (Fructose, galactose and succinic
acid) from water to aqueous sodium chloride and potassium chloride solutions at 308
and 318 K, we report herein studies on the determination of relative viscosities of the
above compounds in water and in 0.5 mol kg’ aqueous sodium chloride and
potassium chloride solutions.

Studies on viscosities for the solutions are of great help in characterizing the
structure and properties of solutions™. Various types of interactions exist between the
molecules in the solutions and of these solute-solute and solute-solvent interactions of
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current interest. These interactions help in better understanding of the mixture of
solute and solvent whether the added electrolyte modifies (or) distorts the structure of
the solvent.

The importance of carbohydrates to living things can hardly be over emphasized.
The energy stores of most animals and plants are both carbohydrates and lipids in
nature. Carbohydrates are generally available as an immediate energy source®.
Fructose, fruit sugar, is a simple monosaccharide found in many foods. Galaclose, a
nutritive sweetener is having a role in treatment of focal segmental glomerulos-
clerosis which is a kidney disease resulting in kidney failure and proteinuria.

Succinate, anion part of succinic acid is a compound of the citric acid cycle and is
capable of donating electrons to the electron transport chain by the reaction’.

Succinate + FAD = Fumarate + FADH?2

(Flavin adenine dinucleotide)

This is catalysed by the enzyme succinate dehydrogenase.

Experimental Methods

All the compounds (AR, qualigens) of highest purity grade were used without further
purification. They were dried in an oven and kept over anhydrous calcium chloride for
48h before use. The solutions were prepared in doubly distilled deionised water
having specific conductance less than 1x10° Ohm™ cm™ and it was degassed before
use. All the solutions were prepared by weight using Mettler balance having an
accuracy of £0.01mg.

Sprengel and Ostwald Pyknometer10 which was essentially a U-tube in shape with
side arms being made up of small bore capillary used to measure the densities of
solutions.

The viscosities were measured at desire temperature using Ostwald’s suspended
level type viscometer''. Density and viscosity measurements were carried out in a
well-stirred water bath having an accuracy of + 0.01 K.

Results and Discussion

The relative viscosities and densities of the solutions of chosen compounds in water
and in 0.5 mol kg aqueous sodium chloride and potassium chloride solutions were
measured at 308 and 318 K. the experimental results have been analysed by the Jones-

Dole equation'*"
Nrel = N/Mo = 1+AC"*+BC (1)

where 1 and 1 are the viscosities of the solution and solvent (water, water + Nacl,
water + kcl) respectively and C is the molar concentration. A and B are the
characteristics constants of solute-solute and solute-solvent interactions respectively.
The plots of (1n-1) / V¢ versus V¢ for all the three compounds were found to be
linear, with least scatter in water and in aqueous solutions of sodium chloride and



Viscosities of Some Biologically Important Compounds 111
potassium chloride. The values of A and B parameters have been calculated using the
least squares method by fitting the experimental results in Jones-Dole equation and
these values along with standard errors are recorded in Table 1.

Table 1 show that the values of A coefficient are negative in water, less positive in
sodium chloride and potassium chloride solutions, showing the presence of very weak
solute and solute interactions'®. It is also evident from Table 1 that the B coefficient
are positive and fairly large for all the three compounds studied, suggesting the
presence of strong solute-solvent interactions. The values of B coefficients is more in
sodium chloride and potassium chloride solutions than in water, suggesting the
increase in interactions of solute and cosolute with solvent'’.

The value of B coefficient is more in sodium chloride solution than in potassium
chloride solution, showing the increase in solute and cosolute — water interactions in
sodium chloride solutions.'®

The value of B coefficient increases with the raise in temperature for all the three
compounds suggests that solute-solvent interactions' are strengthened with the rise in
temperature.

Table 1: Values of A and B parameters of Jones-Dole equation. Standard errors are
given in parantheses.

308 K 318K

A B A B

dm*? mol % dm® mol™! dm*? mol % dm® mol™
Fructose in water -0.012 (£ 0.003)|0.373 (+ 0.004)|- 0.014 (+ 0.001)]0.433 (+ 0.002)
0.5m Nacl 0.096 (+ 0.001) |0.407 (+ 0.002)| 0.041 (+ 0.005) |0.451 (£ 0.004)
0.5m Kcl 0.057 (+ 0.006) [0.396 (+ 0.003)| 0.014 (+ 0.006) [0.440 (+ 0.005)
Galactose in water |- 0.052 (+ 0.006)|0.396 (+ 0.001)|- 0.063 (+ 0.007)[0.539 (+ 0.004)
0.5m Nacl 0.030 (+ 0.007) |0.783 (+ 0.003)| 0.003 (+ 0.001) 0.795 (£ 0.003)
0.5m Kcl 0.120 (+ 0.006) |0.491 (+ 0.005)| 0.066 (+ 0.006) [0.643 (+ 0.001)
Succinic acid in water|- 0.063 (+ 0.005)|0.322(+ 0.003) |- 0.145 (+ 0.008)|0.377 (£ 0.001)
0.5m Nacl 0.100 (+ 0.004) |0.416 (+0.001)]0.096 (+ 0.001) ]0.539 (+ 0.003)
0.5m Kcl 0.087 (+ 0.001) |0.395 (+ 0.006)|0.066 (+ 0.002) ]0.422 (+ 0.003)

The viscosity data have also been analysed on the basis of transition state
treatment of relative viscosity as suggested by Feakns et al."® ?°. The B parameter in
terms of this theory is given by Eq (2).

B= V>V, + V.*  [Aw*-Ap**]
1000 1000

2)

here V,° is the mean volume of the solvent and V,’ is the partial molar volume of the
solute. The free energy of activation per mole of the pure solvent (Ap,”), and the free
energy of activation per mole of solute (Ap,") were calculated®' with the help of Egs
(3) and (4) respectively.
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Ap” = RTIn (noV,%/hN)
and

A, = Ap” + RT/ V,°[1000B-(V;° -V57) 4

Where h is the Planck’s constant, N the Avogadro number, 1o the viscosity of
solvent, R the gas constant and T is the absolute temperature. The values of Ap,°
calculated from Eq (3) are given in Table 2. For the mixed solvents, each solvent
mixture was treated as pure and the molar volume taken as a mean volume defined as

VP =xM+xMy)/d, 5

where x;, M; and x,, M, are the mole fractions and molecular weights of water and
sodium chloride (or) potassium chloride, respectively and d; is the density of solvent
(water + sodium chloride (or) water + potassium chloride). The values of V5, the
partial molar volumes at infinite dilution for all the compounds, determined from
density data, are also recorded in Table 2. The values of Apzo and Vlo, calculated with
the help of relations (4) and (5) respectively, are also listed in Table 2.

Table 2: Values of Vi"(dm® mol ™), V., (dm® mol ™), Ap,”*  (kJmol™® and Ap,”
(kJmol™

308 K 318K
Water |0.5 m Nacl|0.5 m kcl|Water {0.5 m Nacl|0.5 m kel

v 17.62 [17.82 19.05 [17.74 [17.92 19.16
A 62.01 |62.06 62.11 |64.00 [64.03 64.01
Fructose 75.50 [68.40 7130  [77.50 167.70 70.10
Ap” 123.13[127.82  [122.01 [135.77{137.89  |131.75
Galactose V32— |118.50(89.90 108.80 [122.00(85.80 107.40
Ap,” 132.50/107.38 140.17 [157.70[114.29 164.91
Succinic acid V,°[52.00 [49.50 50.60 |57.00 |48.30 49.40
A" 112.56]126.40  |119.45 [124.63]148.01 126.41

It is clear from Table 2 that the values of Ap,’ are positive and larger than Ap;"
which suggest that the formation of the transition state is less favoured in the presence
of these compounds, meaning thereby that the formation of transition state is
accompanied by the breaking and distortion of the intermolecular bonds between
sodium chloride, potassium chloride and water i.e. solvent.

The value of dB / dT ** is positive for all the three compounds in water as well as
in water + sodium chloride, water + potassium chloride solutions, showing that the
studied compounds act as structure breakers in all the three systems studied.

The activation entropy for the compounds studied has also been calculated from
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the following relation Eq. (6)
d(Ap,")/dT = - AS,” 6

The activation enthalpy (AH,’" ) has been calculated with the help of Eq. (7)
AHZO* = ALIQO + TASZO* 7

Both the values are rec*orded in Table 3. .
Table 3: Entropy, TAS,” (kJmol™ and enthalpy, AH,” (kJmol™ of activation for
viscous flow.

308 K 318 K

TAS,” | AH,’ TAS,’ | AHY’
Fructose in water -389.31 | -266.18 | -401.95 | -266.18
0.5m Nacl -310.16 | -182.34 | -320.23 | -182.34
0.5m Kcl -299.99 | -177.98 | -309.73 | -177.98
Galactose in water -776.16 | -643.66 | -801.36 | -643.66
0.5m Nacl -212.83 | -105.45 | -219.74 | -105.45
0.5m Kcl -761.99 | -621.82 | -786.73 | -621.82
Succinic acid in water | -371.76 | -259.20 | -383.83 | -259.20
0.5m Nacl -665.59 | -539.19 | -687.20 | -539.19
0.5m Kcl -214.37 | -94.92 | -221.33 | -94.92

It is evident from Table 3 that both enthalpy and entropy of activation are negative
for the compounds studied, which suggests that the transition state is associated with
bond breaking and increase in order.
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