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Reduced viscosity (np/c) and Inherent viscosity (In7.e/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 (1,/c)
versus (¢) and (Inna/c) versus (c), thermo viscosity parameters like Huggins’ constant
(ky), Kraemer’s constant (kf;) and viscosity concentration coefficient (a;) 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 [1-6]. Earlier we [7,8] have studied the molecular

*Corresponding author.
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interaction of a novel polymer “Dextran” of molecular weight 75000
and 250000 in solvents like Distilled water, 1(N) NaOH, and 1(N)
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 40°C, 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 (n) of the
polymer solution. The volume of the polymer solution that will flow

in time ‘7’ is given by
t
/ Lt = / L

7]

(1)

or,

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

v = keoto ()
o
From Eqgs. (1) and (2) we get,
Pt _ polo
n o
n

or

2-(2)(2) !

where (/n,) is known as the relative viscosity.
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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 (pg).

By taking this approximation Eq. (3) becomes

4)

ﬂml———;g

The concentration dependence [9—11] of the viscosity of dilute
polymer solution can be expressed in a power series in concentration.

n=mno(1+Hyc+Hy? +Hsc* + -+ ) (5)

This can be written in more familiar form as

[n] + ke + ka[nl? + -+ - (6)

Noc c

where specific viscosity is defined as

n t
Tsp = Thel o f )
or mo == _t—1t
Msp ™ 7o
[n] is the intrinsic viscosity that is
— 1 Tlsp
o = tig (22 ) ®
and kdky, koy oo onoonn ) of Eq. (6) are dimensionless parameters and

k, corresponds to Huggins’ constant (k).

Intrinsic viscosity is independent of concentration of the solution
but is a function of the solvent used. For low concentration we ob-
tained Huggins [12] well known relationship.

B2 — (o] + Kigle )

where (7,p/c) is known as the reduced viscosity.
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The equation given by Kraemer [13] is often used for extrapolation
because of small concentration dependence. This relationship is most

conveniently written as

In 7y

= [+ kiglnl’e (10)

where (In 7,¢1/c) is known as the inherent viscosity and kj; is Kraemer’s
constant.

Finally, viscosity concentration coefficient [14] can be calculated by
the equation:

ay = 201 [n*® (11)

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.

(i) 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 (kj;), Kraemer’s constant (ky;) and viscosity con-
centration coefficient (a,) of polymer Dextran in Urea, Glycine and
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Glucose at three different temperatures is the same as described in
our earlier paper [8].

RESULTS AND DISCUSSION

The flow (f) 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 (f) of the above mentioned
pure solvents were measured at these temperatures. Using Eqgs. (4) and
(7 the relative viscosity (1) and specific viscosity (ns,) were cal-
culated respectively. For different concentrations, reduced viscosity
(nsp/c) and inherent viscosity (In n.i/c) were calculated.

Graphs were plotted between reduced viscosity (7sp/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 ne1/c) versus concentration (c). Extrapolating the graphs for con-
centration *“‘c = 0", the intrinsic viscosity [7], viscosity concentration
coefficient (a,), Huggins’ constant (ky) were calculated for all the
three solvents.

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

Mp = A1+ @y +azc® + - (12)

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

n—:"'i=a1+azc (13)

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

a, = ky[n]* (14)

In aqueous solutions of the polymer Dextran (M, = 75000 and
250000) the plot of (nsp/c) versus (c) gives straight line as illustrated in
Figures 1 to 6. These curves were extrapolated for infinite dilution
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FIGURE | 15y,/c(a,b,c) and Inng/c(a’,b',c) plotted against concentration (c) for
Dextran (M,,=75000) in 6(M) Urea at different temperature.

0.5
25°C(a)
04} 30°C (b)
o
5 ®)
i’ 0.3 (©)
=
£
=~ 0.2}
(=]
)
2 01f
S
0 0.2 0.4 0.6 0.8 1.0 12

CONCENTRATION (C) —

FIGURE 2 ny/c(a,b,c) and Inng/c(a’,b',c') plotted against concentration (c) for
Dextran (M,, = 75000) in 2(M) Glycine at different temperature.
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FIGURE 3 ,/c(a,b,c) and Inn,./c(a’,b',¢') plotted against concentration (c) for
Dextran (M,,=75000) in 50% Glucose at different temperature.



07:57 28 January 2011

Downl oaded At:

VISCOSITY OF POLYMER DEXTRAN IN SOLVENTS 175

0.8
25°C(a)
30°C (b)
| 35°C ()
)
[]
=4
l-—E 0.4
=
o
)
Q
7]
|
1 1

0.2 0.5 0.8 1.1 150x10°2
CONCENTRATION (C)——

FIGURE 4 1/c(a,b,c) and Innm/c(@’,b’,c’) plotted against concentration (c) for
Dextran (M,,=250000) in 6(M) Urea at different temperature.
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FIGURE 5 1ny/c(a,b,c) and Ingng/c(a’,b’,c’) plotted against concentration (c) for
Dextran (M,,=250000) in 2(M) Glycine at different temperature.

i.e.,‘'c=0, then the Y-axis intercept give the value of intrinsic viscosity
[7] (according to Eq. (9)) and the slope of the curve gives the visco-
sity concentration coefficient (a,). Using Eq. (14) Huggins’ constant
(kjy) can be calculated for three different temperature and for three
different solvents as shown in Tables I-III.
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FIGURE 6 ny/c(a,b,c) and Innw/c(@’,b’,c’) plotted against concentration (c) for
Dextran (M,,=250000) in 50% 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 (a,) calculated by Eq. (11)

is in good agreement with the experimental result obtained from
the slope of the curve (nsp/c) versus (c). But the deviation of ex-
perimental value of (a;) 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 [n] has not been taken
into consideration when deriving Eq. (11).

(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.



050 (43 A1) 0191 e d1] 0s1°T 0801 860°0 980°0 Lzo 600 £1e0 S6T°0 St

960 785°0 09’1 155°0 9€1Z €11 801°0 860'0 LTT0 1re 9zE0 £1£°0 0f
¥89°0 150 1910 TS0 STl £L0'1 6L1°0 1o 9€C°0 LITO LOVO 0£€°0 sz
000SZ = “M_000SL = "M 0000ST = A 000SL = "H 0000ST = "W 000SL = “I 0000ST = “H 000SL = "I 0000ST = “W 000SL = “A 00005T = “ 000SL = “W o8
oty (i) woisuos ssowanry (%) 1upisuod sudSng  (ampoa “ozy1) o [Uli07 =% (anpoa 1dx3) Jul"y=Tp (U] dnsoosu sunyy  wp dwsg

D4SE PUB D.0E ‘D.5T e 'ai(] ()9
i (0000ST PUE 000SL = “H JO) . FeIIXa(],, Jo (*1y) 1ueisuos s omoery pue (M) jueisuoo smdsny (7p) jua1omeoo uonenusonod A3isodsip i) Kyisoosta oy [ FTAVL

1102 Alenuer 8z /G:/0 @I Papeo |uwog



viso LL90 Ls1 9180 T £or'1 8600 ¥50°0 00T°0 9800 €1£°0 oTo SE

6090 89¢+°0 625°0 Lo 8E1°1 (At} w6 9L0°0 00T0 $60°0 (174 41) 087°0 0t
0560 99¥°0 o 9¢8°0 $68°0 (447 1970 680°0 9070 611°0 08%°0 00£°0 ST
0005 = “W 000SL = “H 0000ST = “ 000SL = “I 0000ST = “H 0005L = “W 0000ST = “A 0005L = “H 00005 = “I 000SL = “H 0000ST = “} 000SL = “W o 2
Hy Hy () rupisuod s ousvsy  (BY) wuprsuod suBSngy  (anpos oays) o, (L1107 =0 (ampoa 3dxd) Juliy =0 [U] dxsoosia asupruy u ‘dwa ]

DSE PUE D,0£ D.5T 18 3upAiD (W)
 (0000ST PUE 000SL = "M JO) . uenxa(],, Jo (1Y) jweisuos s mmaery pue () wwesuco suidSny (W) 1usKnEPe0s TORENUUCS ANsaosiA U] Ais0osia osuIG] [T TTAVL

1102 Alenuer 8z /G:/0 @I Papeo |uwog



SEY0 L0S0 $96°0— 60— 084’0~ SEY'O— 0gs°0 [§341] 9070 m”ro §§9°0 0190 33

LY 850 960'1~ v61' 1~ 619°0— ZIL0- 0170 LTEO (44 00T'0 860 0£S°0 0¢
8650 £9%°0 [ALas L= 980~ vI01~ 9870 1€2°0 9120 01Z'0 0050 S0 194
000ST = “W _000SL = “J 0000ST = " 000SL = “H 0000ST = “# 000SL = " 0000ST = “A 000SL = "W 0000ST = "I 000SL = “A 00005T = "W 000SL = "W 2.
-t (%) up1suoa s sowansy (%) ruvisuos suSSnpy (anos oays) o fUlioz =0 (amppa 1dxd) Julfy =0 (U] dsoosia sy ~duin]

DoSE PUE Do0E DeST 1 9500N[D %06
u1{0000SZ PUE 000SL = “J JO) .. renx3(],, Jo (%) Jueisuoo s semsery pue (M) yueisuos suSdny (%) juonys00 ToNENUIONOO ANSCISIA ‘U] Ayiscosia osumuy  [11 F1GV.L

1102 Alenuer 8z /G:/0 @I Papeo |uwog



07:57 28 January 2011

Downl oaded At:

180 A. P. MAHAPATRA et al.

(iv) Comparing these curves with Huggins’ equation we found that

y is positive for Dextran solution in Urea and Glycine but
k}; 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 k. 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 (M, = 75000 and
250000) the plot of (In 7/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
[7] (according to Eq. (10)), and the slope of the curve divided by )
give Kraemer’s constant (kj;). Comparing the curves with Eq. (10) we
found that ki; 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}; —ky; 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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