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The viscosity-molecular weight constant (K), the short range parameter (A) and long 
range parameter (B) have been evaluated in binary mixture of Dextran of three different 
molecular weights in three different solvents i.e., distilled water, 1(N) NaOH and 1(N) 
KOH, at temperatures ranging from 25°C to 50°C. The study reveals that the viscosity- 
molecular weight constant (K) decreases with increase in temperature for polar solvents. 
The short range parameter (A) shows the same trend as shown by K and the long range 
parameter (B) exhibits no definite trend with the variation of temperature. 

Keyworcis: Viscosity -molecular weight constant (K) ;  Short range parameter (A); Long 
range parameter (B) 

1. INTRODUCTION 

Earlier various researchers [ 1 - 41 studied about the structures of 
different polymers by following different techniques which had given 
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344 A. P. MAHAPATRA et al. 

valuable informations regarding their utility in various fields. We 
used the viscometric measurement technique [5,6] to evaluate some of 
the thermo-viscosity parameters of polysaccharide polymer Dextran. 
Extending our earlier study we have calculated some other parameters 
like viscosity molecular weight constant (K), Short range param- 
eter(A) and long range parameter(B) of Dextran of three different 
molecular weight i.e., Mw = 19500, 75000 and 250000 in three dif- 
ferent solvents at various temperatures ranging from 25°C to 50°C. To 
evaluate ‘K’, ‘A’ and ‘B’ various researchers proposed different gra- 
phical procedures. Stockmayer - Fixman, Fox - Flory and Kurata- 
Stockmayer had given various equations involving variation of 
intrinsic viscosity with molecular weight and plotting the graph the 
ordinate intercept provides the value of K and the slope provides 
the value of ‘8. 

2. THEORY 

Earlier to study the unperturbed dimension of a polymer molecule, the 
viscosity measurements were carried out in an ideal solvent as well 
as at ideal temperature. Since it is not experimentally convenient, 
attempts have been made to compute the unperturbed dimension from 
viscosity measurements using a solvent at any temperature. One such 
relationship is that given by Stockmayer and Fixman [7] which is 
represented as, 

[q] = K(&I,)1/2 + 0.51+,B&Iw (1) 

where B is the long range parameter and +, is the universal constant. 
In order to determine the viscosity -molecular weight constant (K) 

and long range parameter (B) of a polymer molecule in any solvent at 
any temperature, another relationship is given by Fox - Flory [8] which 
is represented as, 

a W  

hl [q]2f3 / ( f iw) ’ f3  = K Z f 3  + 0.857K2/3+0B- 

Kurata and Stockmayer [9] had also given the following relation for 
determination of ‘K’ and ‘B’ which is represented as, 
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DEXTRAN IN POLAR SOLVENTS 345 

where a, is the volume expansion factor and g(a,,) is the coefficient 
dependent on a,. 

The short range parameter ‘A’ which is a function of the un- 
perturbed dimension of the polymer depends upon the solvent used 
as well as on the temperature of the polymer solution. Yamakawa [lo] 
had given the following relation for determination of short range 
parameter ‘A’ which is represented as, 

where ‘K’ is the thermo-viscosity parameter which depends upon the 
nature of the solvent and temperature of the polymer solution and 4, 
is the universal constant independent of polymer type, solvent as well 
as temperature and its value is 2.84 x 10”. 

3. EXPERIMENT 

The materials and the method followed to findout various thermo 
viscosity parameters are same as reported earlier [5 ,6 ] .  

4. RESULTS AND DISCUSSIONS 

4.1. Determination of Viscosity- Molecular Weight 
Constant (K) by 

(a) Stockmayer - Fixman Plot Stockmayer Fixman [7] equation relat- 
ing intrinsic viscosity [q] with molecular weight (aw) is represented as, 

Which can be written in a more convenient form as, 

[ q ] / ( ~ w ) ’ / 2  = K + 0.51~,B(Mw)’/2 ( 5 )  

We plot a graph by taking ([q]/(M,,,)’/’) along Y-axis and (A&,)’/’ 
along X-axis. The ordinate intercept provides the value of K .  This 
curve is repeated for all the six temperatures as well as for the three 
solvents we have chosen which are shown in Figures 1 to 3 and the 
values of ‘K’  are represented in Tables I to 111. 
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3~ 1 2 3 4 5 6 
&$2 )I 10-2- 

FIGURE 1 Stockmayer-Fixman's plot for Dextran of different molecular weight in 
distilled water at different temperatures. 

0 1 2 3 4 5 6 

(R"IY2 x 10-2 - 
FIGURE 2 Stockmayer-Fixman's plot for Dextran of different molecular weight in 
1 0  NaOH at different temperatures. 
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0 1 2 3 C 6 
( i i " ) ' ~ Z X l o - ~  - 

FIGURE 3 Stockmayer-Fixman's plot for Dextran of different molecular weight in 
IN KOH at different temperatures. 

TABLE I Values of K of Dextran in different solvents at different temperature from 
various plots, Solvent - Distilled water 

Stockmayer - Fox - Kurata - 
Temperature in "C Fixman's plot FIory 's plot Stockmayer's plot Mean- Value 

25 57.512 54.842 57.004 56.453 
30 55.504 54.229 56.384 55.372 
35 53.518 53.011 53.314 53.280 
40 50.006 50.005 50.452 50.154 
45 46.121 46.186 46.186 46.164 
50 39.533 39.682 39.687 39.634 

TABLE 11 Values of K of Dextran in different solvents at different temperature from 
various plots, Solvent - 1(N) NaOH 

K x 10~ji0m 

Stockmayer - 
Temperature in "C Fixman 

25 
30 
35 
40 
45 
50 

176.508 
172.01 3 
165.524 
159.001 
146.540 
146.032 

FOX - 
FIory 

170.107 
165.650 
159.039 
152.519 
148.223 
143.968 

Kurata - 
Stockmayer Mean- Value 

~~ ~ 

174.603 173.739 
166.538 168.067 
163.879 162.814 
162.995 158.172 
158.602 15 1.122 
156.856 148.952 
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TABLE 111 Values of K of Dextran in different solvents at different temperature from 
various dots. Solvent- 1IN) KOH 

K x 103from 

Stockmayer - FOX - Kurata - 
Temperature in “C Fixman FIory Stockmayer Mean- Value 

25 150.504 144.815 141.435 145.585 
30 139.036 134.753 131.864 135.218 
35 125.313 123.002 118.133 122.149 
40 123.524 118.530 116.551 119.535 
45 120.807 114.269 112.627 115.901 
50 116.000 110.682 108.362 1 1  1.681 

From these plots we found that ‘K’ decreases with the increase in 
temperature in these polar solvents i.e., distilled water, 1(N) NaOH, 
1(N) KOH. The variation shows the similar trend as that of variation 
of intrinsic viscosity [v] with temperature [5].  

Another point of interest to record is that the value of K is the least 
in case of water which act as a poor solvent for the polymer Dextran 
and is maximum in case of NaOH among the three polar solvents we 
had chosen as NaOH is the best among the solvents we had selected 
for the polymer Dextran. 

(b) The Fox-Flory [8] equation used for determination of 
viscosity-molecular weight constant ‘K’ is represented as, 

We plot a graph by taking ([v]2’3/(@w)’13) along Y-axis and ( M w / [ v ] )  
along X-axis, then the ordinate intercept provides the value of K2’3 
from which K can be calculated. The above curve is drawn for six 
different temperatures for a particular solvent and repeated for the 
three solvents we had selected. These curves are shown in Figures 4 to 
6 and the values of K are represented in Tables I to 111. 

From these above curves we found that the values of ‘K’ in different 
solvents at different temperatures show the same trend as the values of 
‘K’ obtained by Stockmayer- Fixman’s Plot. 

(c) Kurata - Stockmayer Plot In order to determine the viscosity- 
molecular weight constant ‘K’ in any solvent at any temperature, 
Kurata - Stockmayer [9] had given the following relation, 

[v]’13 / (BW) ‘I3 = K213 + 0.363$,Bg( a,) [ [v] - ‘ I 3 ]  
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’ ”0 2 c 6 8 10 12 14 16 

FIGURE 4 Fox-Flory’s plot for Dextran of different molecular weight in distilled 
water at different temperatures. 

II . 
I-- 1.5 

‘5 
s - 1 . 0  r= 

z 

\ 

- 
I I I I I I I I 

3 4 5 6 1 8 0 1 2 

~ i i , , ~ v  1 . lo5 

FIGURE 5 Fox-Flory’s plot for Dextran of different molecular weight in 1 0  NaOH 
at different temperatures. 

We plot a graph by taking ( [ q ] y 3 / ( M w ) ” 3 )  along Y-axis and 
( (&w)2’3/[q]1’3) along X-axis, then the ordinate intercept provides 
the value of K2/3 from which the value of K can be calculated. 
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I I 1 I 

0.5 1.5 2.5 3.5 4 .5 5.5 6.5 
0.75l  

I F ~ ~ / I ~ I  m5- 
FIGURE 6 Fox-Flory’s plot for Dextran of different molecular weight in 1 0  KOH 
at different temperatures. 

The above curve is plotted for a particular solvent at six different 
temperatures and the same curve is repeated for the three different 
solvents we had selected. The curves are shown in Figures 7 to 9 and 
the values of K are represented in Tables I to 111. 

The values of ‘K’ in different solvents at different temperatures 
show the same trend as the values of ‘K’ obtained by Stockmayer- 
Fixman and Fox-Flory. The mean value of three different values 
of K obtained from three different plots namely Stockmayer - Fixman, 

E -- 
3 

lX 

9 -  

f I  

I 1 
I I I I I 1 

0 1 0  2 0  3 0  4 0  5 0  6 0  7 0  8 0  
( ~ , , ) 2 / 3 / p 1 1 ~ / 3 ) ~ 1 0 - 3  

FIGURE 7 Kurata-Stockmayer’s plot for Dextran of different molecular weight in 
distilled water at different temperatures. 
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I I I I I I 1 I 

1 2 3 4 5 6 1 8 0.71 0 
((M~)2h/[[nf'3)~163- 

FIGURE 8 Kurata-Stockmayer's plot for Dextran of different molecular weight in 
IN NaOH at different temperatures. 

. ._ 
1 2 3 r, 5 55 

( 1 ~ , , 1 ' ~ 3 ~ p 1 ~ % ~ . 1 0 3  - 
FIGURE 9 Kurata-Stockmayer's plot for Dextran of different molecular weight in 

KOH at different temperatures. 

Fox- Flory and Kurata- Stockmayer for a particular solvent at 
a particular temperature are then calculated which are shown in 
Tables I to 111. 
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352 A. P. MAHAPATRA et al. 

4.2. Evaluation of Short Range Parameter ‘A’ 

The short range parameter ‘A’ can be calculated using the relation 
given by Yamakawa [lo] which is represented as, 

A = (K/40)1’3 
The values of viscosity -molecular weight constant ‘K’ obtained 

from three different plots for a particular solvent at a particular 
temperature is used in the above equation to evaluate the short range 
parameter ‘A’, which are shown in Tables IV to VI. 

From these calculations we found that the short range parameter 
‘A’ is the least in case of solvent water and is maximum for NaOH 
among the three solvents we have chosen. The short range para- 
meter ‘A’ decreases with the increase in temperature for a particular 
solvent. 

Finally the mean values of ‘A’ for a particular solvent at a particu- 
lar temperature are calculated which are represented in Tables IV 
to VI. 

4.3. Evaluation of Long Range Parameter ‘B’ 

The long range parameter ‘B’ can be calculated by using various 
relations given by different researchers. 

(a) Stockmuyer-Fixmun Plot Using equation (5 )  we plot a graph 
by taking (&f,,,)’/’ along X-axis and ([q]/(&fW)”’) along Y-axis. Then 
dividing the slope of the curve by 0.514,, provides us the value of B. 
The curve is repeated for the three solvents as well as for six different 
temperatures which are shown in Figures 1 to 3, and the values of B 
obtained from Stockmayer - Fixman plot is represented in Tables IV 
to VI. 

From these plots we found that ‘B’ is the least in case of water and 
maximum for NaOH. No particular trend is observed in the variation 
of ‘B’ with temperature for a particular solvent. This is due to the fact 
that the relative variation of intrinsic viscosity [q] with temperature is 
not uniform for a particular solvent. 

(b) Fox-Flory Plot Using equation (2) we plot a graph by taking 
( [q]2/3/(&fw)”3) along Y-axis and (S,/[q]) along X-axis, then dividing 
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the slope of the curve by 0.857 K2/340 we get the value of long range 
parameter B. 

The above curve is repeated for a particular solvent at six different 
temperatures as well as for the three different solvents we had chosen. 
These curves are shown in Figures 4 to 6 and the values of ‘B are 
represented in Tables IV to VI. 

The variation in the values of ‘B’ shows the same trend as the values 
of ‘B’ obtained by Stockmayer - Fixman. 

(c) Kurata - Stockmayer Plot Using Kurata - Stockmayer equation 
(i.e., Eq. (3)) we plot a graph by taking ( [q]2 /3 / ( l i iw)1 /3)  along Y-axis 
and ( ( & ~ ~ ) ~ / ~ / [ q ] ~ / ~ )  along X-axis, then dividing the slope of the curve 
by O.3634,g(crn), provided us the value of ‘B. This curve is repeated 
for all the three solvents at six different temperatures. These are shown 
in Figures 7 to 9 and the values of ‘B’ are represented in Tables IV 
to VI. 

The values of ‘ B  obtained from Kurata- Stockmayer plot show the 
same trend as the values of ‘ B  obtained from Stockmayer-Fixman 
and Fox - Flory’s plot. 

Finally the mean values of long range parameter ‘ B  for a particular 
solvent at a particular temperature are calculated. 
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