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Unperturbed Dimension of Polymer Molecules 
from Viscosity Measurements in Mixed 
Solvents. II 

SUBASINI LENKA, PADMA L. NAYAK, and SANJAY K. NAYAK 

Laboratory of Polymers and Fibres  
Department of Chemistry 
Ravenshaw College 
Cuttack 753003, Orissa ,  India 

A B S T R A C T  

An expression for  the Flory constant @ is derived according to 
which $ should depend on the polymer-solvent pair  and the tem- 
perature. The variations of @, [q] , and k,  the latter two being 
fundamental t e r m s  in the equation, C/q 
utilized for the determination of the unperturbed dimension of 
polymer molecules in solution. The importance of k, and the 
alternative expression which has been derived for  k, are dis- 
cussed. 

= l/[q] - kC, are 
SP 

The determination of the unperturbed dimension of polymer mole- 
cules from viscosity measurements of dilute polymer solutions is of 
much importance in view of the new complications arising from the 
diverse results obtained in theoretical and practical  studies. The 
theories relating the intrinsic viscosity, molecular weight and the 
expansion parameter CY are inadequate to explain all  the factors  in- 
volved in the study of dimensional properties in solution. Recently, 
we have reported the relationship between [q] and k for  a polymer in 
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58 LENKA, NAYAK, AND NAYAK 

a series of solvents based on the procedure followed by Bhatnagar et 
al. [2] and pointed out that the slope of the linear relationship of [17]-l 
and k should afford a method of determining the unperturbed dimen- 
sions of polymer molecules. The conclusion was based on the concept 
of the existence of a common cross-over point concentration in the 
plot of C/o versus C in a ser ies  of solvents. In this communication 
the values of (yo2 /M)"' have been determined in some mixed solvents 
from the plots of 1/[q] versus k,  irrespective of the linearity of such a 
plot o r  the existence of a common cross-over point concentration. 

SP 

T H E O R E T I C A L  D E D U C T I O N S  

In a previous communication we deduced 

and 

y = E2 - E l  - E12 

The E ' s  are  the molar energies of activation of viscous flow of sol- 
vent (E l ) ,  solute ( E2),  and E 12 arising due to nonideality of polymer 
solution. 

parameter was neglected. Comparing this expression with the corre- 
sponding expression, 

In this derivation, the concentration dependence of the expansion 

it is seen that 

4 = 9.347 X 10" ( 1  + y/RT) ( 3) 

Since ( 1  + y/RT) is dependent on the solvent and the temperature for 
an individual polymer, it can be said that 4 should also behave in a 
simple manner. This goes against the concept of an inversal constant, 
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UNPERTURBED DIMENSION OF POLYMER MOLECULES. I1 59 

as suggested by Fox and Flory [3], having a value of 2.1 X loz1. The 
fact that the variation in q with solvent and temperature should de- 
pend only on the extent of variation of the expansion parameter,  ff in 
solution, seems untenable. Views concerning this fact have been ex- 
pressed by Gardner [4], Zimm [5], Kurata and Stockmayer [ S ]  , and 
Ptitsyn and Eisner [7]. It has been shown [6, 71 that $ should decrease 
from a value of 2.87 X loz1 at the 0 temperature to a value as low as 
1.86 X Id1 for  a very high value of expansion parameter a. A s  for  
the expression of q,  it  seems that this extra  variation in q may be ex- 
plained in the te rm (1 + y/RT). For a polymer, q has a value depen- 
dent only on the molecular weight and the unperturbed dimension as 
revealed in the expression 

0 

[vl0 = $@ (? /M)3’2M”2 

It is therefore evident that (1 + y/RT) will assume a definite value 

0 at the 0 temperature o r  in a 0 solvent. Since a = 1 when [77] = [q] 
we have, 

[qI0 = 9.347 X 102’ (Ft/M)3’2M”a ( 1  + Y / R T ) ~  

By comparing Expression ( 5 )  with Expression ( 4 )  and taking $ = 
2.87 X lo2’, one obtains, 0 

( 1 + y/RTJO = 3.077 

Let us  now examine to what extent our  previous equation for  the 
linearity holds true. We have 

where 

Po = 9.347 X 10’’ (y: /M)’/’ M”’ 

( 5 )  

From the above expression it is clear  that a plot of [q] 
should not be linear. It can be linear with a slope equal to Po-’ only 
when 

versus  k 
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da a - a4 

dk 3k 
- - _ -  

LENKA, NAYAK, AND NAYAK 

(7) 

NOW, the slope at k = 3.25 and a = 1 is evidently 

d[vI - l  dff 

dk dk 
= Po-' [I - 0.975 - I k  = o.325 

where k = 0.325 and a = 1. 

in Eq. (7), then 
If it is arbitrarily assumed that when a = 1, da/dk = 0, as required 

= Po- 
q v 1 -  l 

dkk = 0.325 

o r  

(yo" /M)'" = 2.204 X lo-* ( M/pX)1'3 

where 

Px = Po x loy 

Equation (8) is exactly analogous to our previous equation 

where Co is the cross-over point concentration in g/mL o r  the slope 
of [17]-l versus k plot. The only difference is that the present consider- 
ation has a usefulness slope only at k = 0.325, in contrast to our pre- 
vious report of the linearity of the [v] -' versus k plot. 

from the linear relationship of 7 
zero concentration in view of the requirements of Huggins' equation [8]. 
Bhatnagar et al. [2] derived Huggins' equation by considering viscous 
flow as a rate process, and they deduced 

Most of the data available in the literature for [q] and k a re  derived 
/C versus C and extrapolation to 

SP 
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UNPERTURBED DIMENSION OF POLYMER MOLECULES. I1 61 

and 

0.5 
= 0.5 - 

( 1 + Y/RT)' 
( Huggins) 

This expression for k allows 0.5 as the maximum value of k. There is, 
however, ample evidence that k differs significantly from this limit, 
expecially for feebly polar and polar polymers. Our expression ( 1  + 
y/RT) suffers from no such limitation and can have any positive value 
up to unity. Of course, it is not c lear  at this stage whether the term 
y/RT contains all the specific interactions k is supposed to  involve. 
The fact is that values of [q] and k obtained from C/q 
significantly from the values obtained from q 

view of these facts we determined the values of [q] and k from the 
corresponding Huggins' values as follows: 

( i )  From the values of [17] and k, the slopes of Huggins' plots 
were obtained. 

(ii) Knowing the slopes and intercepts, the values of 7 /C at 
arbitrary concentrations were determined and hence the values 
of [q] -' and k were obtained from C/q 

versus C differ 
SP 

/C versus C plots. In 
SP 

SP 

versus C plots. 
SP 

Values of [q] 
= 0.325 were obtained to determine the unperturbed dimensions from 
the relationship 

were plotted against k values and the ordinates at k 

( ~ o a / M ) " Z  = 

DISCUSSION 

It is reasonable to assume that the solvent and temperature varia- 
tion of [q] cannot only be hydrodynamic and be explained in terms of Cp 
only. The inclusion of the term 1 + y/RT in [q] and k suggests that 
the solvent and temperature dependence of q and k has to be explained 
from the viewpoint of both hydrodynamics and thermodynamics. The 
Flory theory of rate process points out that the solvent and temperature 
dependence of Cp, the so-called Flory constant, cannot be ignored. The 
factor (1  + y/RT), a sor t  of extra interaction term, may involve many 
specific interactions between polymer and solvent and temperature. 
Most of the data taken from the literature include polymers which con- 
tain more o r  less  polar groups, and since fairly good values of the 
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62 LENKA, NAYAK, AND NAYAK 

unperturbed dimensions are obtained, it s eems  that ( 1 + y/RT) also 
includes effects due to electrical  interactions [9]. However, i t  is not 
possible to assess this view at present. Though the values of unper- 
turbed dimensions obtained by the present procedure agree well with 
the values obtained by conventional methods, it will be seen that in all 
cases  the values are higher than the l i terature values. One reason fo r  
this may be the fact that the values of [q] obtained by C / q  versus C 

of q 
obtained from a Huggins' plot in mixed solvents. 

sion needs special mention since the accuracy of the values of (? / 
M)"' depends to a greater  extent on the accuracy of the expression 
and determination of k. We are now in a position to examine the rela- 
tive meri ts  of the expressions for  k derived on the basis of the theory 
of rate processes,  

SP 
/C versus C are always greater  than the corresponding values 

The importance of k for the determination of the unperturbed dimen- 

SP 

0 

In our  derivation of k = 1/( 1 + y/RT), we deduced, 

and kept up to the first power in X 

f i rs t  power in X2, the following expression is obtained for  k. 

If one keeps all t e r m s  up to the 2' 

K = (1 + y/RT)-' 
1 + y/RT 

when 

It is evident that this expression only allows values of k which are 
greater  than 0.5, and these are not the normal values of k. Although 
mathematically sound, the inclusion of the second-order t e r m  in X 
does not improve the value of k. A third expression for  k may be de- 
rived starting from the expression of q 
Le., 

2 

given by Bhatnagar et al., re1 
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UNPERTURBED DIMENSION OF POLYMER MOLECULES. II 63 

The expression for C/v obtained from the above expression is 
SP 

(Y/RT) (1 + Y / ~ R T )  
C/Vsp = 1/[711 - C 

( 1 t Y / R T ) ~  

when 

W ( P )  F(Y) << 1 

so that 

0.5 
k z O . 5  - (12)  

( 1 + Y/RTY 
In Figs. 1 and 2 the values of [q] -' are shown in the same plot for 0 

k 

FIG. 1. Plot of [q] -' versus k for the mixed solvent methanol- 
toluene (50:50). ( 0 )  Temperature = 26°C. ( A) Temperature = 30°C. 
( 0 )  Temperature = 35°C. 
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64 LENKA, NAYAJS, AND NAYAK 

~ 

0.5 0.6 0.7 

k 

FIG. 2. Plot of [TJ] -' versus k for the mixed solvent methanol- 
toluene (65:35). ( e) Temperature = 26°C. ( A) Temperature = 30°C. 
( m )  Temperature = 35°C. 

k = 0.325 and k = 0.447, the only difference being that the 1/( 1 + y/RT) 
values now represent the values of k given by Expression (12). The 
values of (Toa /M)"z (Tables 1-6) are found to  be higher than the liter- 
ature values [lo,  117. This increase of (F ' /M)l'' values might be due 
to the decrease in the denominator of Eq. (10). A rigorous test for the 
expression of k may lie in the calculation of the expansion parameter (Y 

which will be reported in a future communication. 
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UNPERTURBED DIMENSION OF POLYMER MOLECULES. I1 65 

TABLE 1. Variation of [17] 
in Methanol and Toluene (50:50) at 26”Ca 

with k for Poly( methyl Methacrylate) 

Fraction 1/[q] k a b a b 

I 2.000 0.294 

I1 2.092 0.321 0.487 0.471 1127 11 14 

111 2.222 0.401 

IV 2.272 0.552 

‘a = values corresponding to k = 0.325. b = values corresponding 
to k = 0.447. 

TABLE 2. Variation of [17]-l with k for Poly(methy1 Methacrylate) 
in Methanol and Toluene (50:50) at 30”Ca 

(yoz /M)l’’ X 
102 

Fraction 1/[q] k a b a b 

I 1.4306 0.346 

I1 1.4666 0.450 0.689 0.666 1131 1118 

111 1.652 0.521 

IV 1.800 0.613 

a and b as in Table 1. a 
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66 LENKA, NAYAK, AND NAYAK 

TABLE 3. Variation of [q] 
in Methanol and Toluene at 35°C“ 

with k for Poly( methyl Methacrylate) 

Fraction 14771 k a b a b 

I 1.176 0.220 

n 1.282 0.275 

m 1.333 0.312 0.740 0.625 1085 1026 

IV 1.538 0.428 

‘a and b as in Table 1. 

TABLE 4. Variation of [q] 
in Methanol and Toluene (65:35) at 26°C“ 

with k for Poly( methyl Methacrylate) 

Fraction 14771 k a b a b 

I 2.127 0.285 

I1 2.222 0.352 

III 2.272 0.471 0.456 0.442 1125 1122 

IV 2.380 0.623 

aa and b as in Table 1. 
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TABLE 5. Variation of [77] 
i n  Methanol and Toluene (65:35) at 30”Ca 

with k fo r  Poly( methyl Methacrylate) 

(yoa /M)’” X 
102’ 

Fraction 1/[77] k a b a b 

I 1.470 0.259 

IT 1.639 0.376 0.632 0.588 1109 1083 

III 1.923 0.491 

IV 2.083 0.631 

aa and b as in Table 1. 

TABLE 6. Variation of [T)] 
i n  Methanol and Toluene (65:35) at 35°C“ 

with k f o r  Poly( methyl Methacrylate) 

(for/M)”Z X 
loz7 

Fraction 1/[77] k a b a b 

I 1.315 0.275 

I1 1.562 0.351 

111 1.666 0.547 0.714 0.636 1113 1071 

IV 1.960 0.682 

a and b as in Table 1. a 
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