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Reduced viscosity (q&) and Inherent viscosity (Inq,I/c) of dilute solution of water 
soluble polysaccharide polymer “Dextran” has been calculated by measuring the flow 
time of the polymer solution in solvents like 6(M) Urea, 2(M) Glycine and 50% Glucose at  
three different temperatures - 25”C, 30°C and 35°C. From extrapolation of curve (q,/c) 
versus (c)  and On qrel/c) versus (c), thermo viscosity parameters like Huggins’ constant 
(Vv), Kraemer’s constant (PA) and viscosity concentration coefficient (uz) have been 
estimated which enable us to know the fate of the polymer molecules in these solvents. 

Keywords: Huggin’s constant; Kraemer’s constant; Intrinsic viscosity 

INTRODUCTION 

Viscosity measurements of polymer solution provide an important 
measure about the existence of molecular interactions between the 
polymer and the solvents and the extent of interaction can also be 
predicted. Attempts in these directions have been made by number 
of researchers [l -61. Earlier we [7,8] have studied the molecular 
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170 A. P. MAHAPATRA et al. 

interaction of a novel polymer “Dextran” of molecular weight 75000 
and 250000 in solvents like Distilled water, 1(N) NaOH, and 1 0  
KOH at six different temperature ranging from 25°C to 50°C and 
also in solvents like 6(M) Urea, 2(M) Glycine and 50% Glucose at 
three different temperature 4WC, 45°C and 50°C. 

In continuation of this study we have made an investigation on 
molecular interaction of polymer ‘Dextran’ in solvents like 6(M) Urea, 
2(M) Glycine and 50% Glucose at three different temperatures - 
25”C, 30°C and 35°C and evaluated various thermo-viscosity param- 
eters which will throw light on the property of Dextran. 

THEORY 

The rate of flow of polymer solution at any instant will be pro- 
portional to the pressure difference which is again proportional to 
the density (p) and inversely proportional to the viscosity (q) of the 
polymer solution. The volume of the polymer solution that will flow 
in time ‘t’ is given by 

where ‘k‘ is the constant for the viscometer, same volume (V) of pure 
solvent of density (po) and viscosity (770) flowing in time ‘to’ is given by 

From Eqs. (1) and (2) we get, 

where (q/qo) is known as the relative viscosity. 
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VISCOSITY OF POLYMER DEXTRAN IN SOLVENTS 171 

As we are considering very dilute polymer solution so the density 
of the polymer solution (p) can be approximated to the density of 
the pure solvent (PO). 

By taking this approximation Eq. (3) becomes 

The concentration dependence [9-111 of the viscosity of dilute 
polymer solution can be expressed in a power series in concentration. 

This can be written in more familiar form as 

where specific viscosity is defined as 

[q] is the intrinsic viscosity that is 

and kz{kl, k2,. . . . . . . . . .) of Eq. (6) are dimensionless parameters and 
k, corresponds to Huggins' constant (kk). 

Intrinsic viscosity is independent of concentration of the solution 
but is a function of the solvent used. For low concentration we ob- 
tained Huggins [ 121 well known relationship. 

where (qSp/c) is known as the reduced viscosity. 
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172 A. P. MAHAPATRA er al. 

The equation given by Kraemer [13] is often used for extrapolation 
because of small concentration dependence. This relationship is most 
conveniently written as 

where (In qrel/c) is known as the inherent viscosity and kh is Kraemer’s 
constant. 

Finally, viscosity concentration coefficient [ 141 can be calculated by 
the equation: 

EXPERIMENT 

Requisites 

(i) Polymer: The polymer Dextran of molecular weight 75000 and 
250000 which was obtained as a gift sample from Dextran pro- 
ducts Limited, Canada and was used as such without any further 
purification. 

(ii) Solvents: Solvents used were Urea, Glycine and Glucose and 
these were BDH- Analar grade and used as such throughout 
the experiment. 

(iii) Viscometer: The solution viscosities of polymer solution as well 
as solvent were determined by a Viscometer. We used Ubbelohde 
Suspended Level Viscometer (USLV) for our study. It is a sim- 
ple glass capillary device. It is designed in such a manner that 
the measurement is unaffected by the volume of the solution 
taken. 

Method (Viscometric Measurement) 

The experimental determination of viscosity leading to the evaluation 
of Huggins’ constant (kh), Kraemer’s constant (kh) and viscosity con- 
centration coefficient (4 of polymer Dextran in Urea, Glycine and 
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VISCOSITY OF POLYMER DEXTRAN IN SOLVENTS 173 

Glucose at three different temperatures is the same as described in 
our earlier paper [8]. 

RESULTS AND DISCUSSION 

The flow (t) of the polymer Dextran (M, = 75000 and 250000) in 
solvent like 6(M) Urea, 2(M) Glycine and 50% Glucose had been 
measured at three different temperatures 25”C, 30°C and 35°C and 
varying concentration. The flow times ( to)  of the above mentioned 
pure solvents were measured at these temperatures. Using Eqs. (4) and 
(7) the relative viscosity (qrel) and specific viscosity (qsp) were cal- 
culated respectively. For different concentrations, reduced viscosity 
(qsp/c) and inherent viscosity (In qrel/c) were calculated. 

Graphs were plotted between reduced viscosity (qsp/c) versus con- 
centration (c )  for all the three solvents at three different tempera- 
tures. Another set of graphs were plotted between inherent viscosity 
(In qrel/c) versus concentration (c).  Extrapolating the graphs for con- 
centration “c  = 0”, the intrinsic viscosity [q], viscosity concentration 
coefficient (a2), Huggins’ constant (kk) were calculated for all the 
three solvents. 

The specific viscosity of the polymer generally expressed in terms 
of a power series in concentration as 

considering a highly dilute solution, terms higher than the second 
degree of the above expression can be neglected, which leads to 

Comparing this with Huggins equation (Eq. (9)) we get 

a2 = k51[Vl2 (14) 

In aqueous solutions of the polymer Dextran (M, = 75000 and 
250000) the plot of (qsp/c) versus (c) gives straight line as illustrated in 
Figures 1 to 6. These curves were extrapolated for infinite dilution 
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0 0.2 0.4 0.6 0.8 1 .o 1.2 
CONCENTRATION (C)- 

FIGURE 1 qSp/c(a, b,c) and Inqrsl/c(a’, b’,c‘) plotted against concentration (c) for 
Dextran (M, = 75000) in 6(M) Urea at different temperature. 
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CONCENTRATION (C) - 
FIGURE 2 qsp/c(a, b, c) and In qrsI/c(a‘, b’, c’) plotted against concentration (c) for 
Dextran (Mw= 75000) in 2(M) Glycine at different temperature. 
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FIGURE 3 qq/c(a, b,c) and lnq&(a’, b’, c‘) plotted against concentration (c) for 
Dextran (M,=75000) in 50% Glucose at different temperature. 
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30°C (b 
35°C (C 
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CONCENTRATION (C)- 

X I  o-2 

FIGURE 4 qsp/c(a, b, c) and In q&(a’, b’, c‘) plotted against concentration (c) for 
Dextran (Mw=250000) in 6(M) Urea at different temperature. 
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FIGURE 5 qsp/c(a, b,c) and In q,,/c(a’, b‘, c‘) plotted against concentration (c) for 
Dextran (Mw= 250000) in 2(M) Glycine at different temperature. 

i.e., ‘c = 0’, then the Y-axis intercept give the value of intrinsic viscosity 
[r]] (according to Eq. (9)) and the slope of the curve gives the visco- 
sity concentration coefficient (az). Using Eq. (14) Huggins’ constant 
(kk) can be calculated for three different temperature and for three 
different solvents as shown in Tables 1-111. 
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0.7 1 1 

o'lb O(2 Of4 016 018 110 1.: 
CONCENTRATION (C)- 

FIGURE 6 q&(a, b, c) and In q&(a', b', c') plotted against concentration (c) for 
Dextran (M,= 250000) in SO% Glucose at different temperature. 

From the above plots we have drawn the following conclusions: 

(i) The intrinsic viscosity is more for Dextran of molecular weight 
250000 in comparison to Dextran of molecular weight 75000. This 
is in agreement with the theory that for higher molecular weight, 
the intermolecular force of attraction being stronger, the viscosity 
will be higher. 

(ii) The viscosity concentration coefficient (a2) calculated by Eq. (1 1) 
is in good agreement with the experimental result obtained from 
the slope of the curve (Q&) versux (c).  But the deviation of ex- 
perimental value of (u2) from the theoretical value increases as 
the temperature is raised. This might be due to the fact that the 
effect of temperature on intrinsic viscosity [q] has not been taken 
into consideration when deriving Eq. (1 1). 

(iii) The most remarkable conclusion from this study is that the in- 
trinsic viscosity of the given polymer solution decreases with rise 
in temperature for solvents like Urea and Glycine but increases 
in the case of the solvent Glucose. The diametrically opposite 
behaviour of polymer Dextran in Glucose may be due to the non- 
polar character of Glucose, whereas the other two solvents - Urea 
and Glycine are polar in character. To confirm this we have taken 
some other polar solvents like Distilled water, NaOH and KOH 
and non-polar solvent Fructose, Another point to support this 
argument is that as the temperature rises (from 25°C to 35°C) the 
polymer swells more in the solvent Glucose leading to increase 
of intrinsic viscosity with increase in temperature for Glucose. 
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(iv) Comparing these curves with Huggins’ equation we found that 
kL is positive for Dextran solution in Urea and Glycine but 
k)H is negative for Glucose. This may be due to the fact that as 
Dextran is a polymer of Glucose, so in the polymer solution of 
Dextran in Glucose, there is a force of repulsion between solute 
(Dextran) and solvent (Glucose) which reduces the viscosity. With 
increase in dilution the force of repulsion reduces and hence the 
viscosity increases. This leads to the negative value of kL. But in 
the case of polymer solution of Dextran in Urea and Glycine, 
there is a force of attraction between solute (Dextran) and sol- 
vent (Urea and Glycine) which increases the viscosity and with 
increase in dilution the force of attraction reduces and hence 
the viscosity decreases. 

In aqueous solutions of the polymer Dextran (a, = 75000 and 
250000) the plot of (In qre1/c) versus (c)  gives straight line as illustrated 
in Figures 1 to 6. These curves were extrapolated for infinite dilution 
i.e., c = 0, then the Y-axis intercept give the value of intrinsic viscosity 
[q] (according to Eq. (lo)), and the slope of the curve divided by [qI2 
give Kraemer’s constant (kk). Comparing the curves with Eq. (10) we 
found that kk is negative for Dextran solution in Glucose whereas 
positive for other two solvents i.e., Urea and Glycine. It is a point of 
interest to record that k)H-kk is found to be nearly 0.5 [15] for all the 
three solvents. 

Thus from our present study we conclude that the viscosity 
behaviour of Glucose in Dextran exhibits an opposite trend in low 
temperature to that in higher temperature [8] whereas the other 
solvents-Urea and Glycine show identical trends both at higher and 
lower temperature. 
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