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ABSTRACT: A new relative method of polymer weight determination is developed on the 
basis of the previously [Polym. J., 18, 783 (1986)] elaborated permeable sphere model. According to 
this method, the molecular weight of a given polymer may be determined by comparison of its 
sedimentation coefficient measured at a concentration in the dilute regime with the sedimentation 
coefficient of the same polymer of known molecular weight in the same solvent. The comparison of 
sedimentation coefficients must be performed at concentrations corresponding to the same values of 
the packing fraction of coils. The new method is verified for sedimentation coefficients measured for 
both a polymer-solvent system at the theta temperature and for a polymer-good solvent system. 
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THEORY 

In a previous paper/ a model was presented 
for the fluid flow relative to a swarm of 
identical permeable spheres, and it proved to 
give a good description of the concentration 
dependence of sedimentation coefficient in 
both dilute and semidilute regimes and for 
different polymer-solvent systems. This model 
predicts an interdependence of three dimen­
sionless parameters A.R, PR, and <5 3 

(1) 

where R is the coil radius, A. and P are the 
reciprocal square roots of the solution per­
meability and coil permeability, respectively, 
and <5 3 is the volume fraction occupied by coils. 

In the semidilute region these three param­
eters (A.R, PR, and <5 3) are constant and their 
values depend on the exponent n in the em­
pirical equation 

(2) 

which connects the A.-value in this region with 
the solution porosity B. The P R-parameter is 

assumed to remain constant over the whole 
range of both semidilute and dilute solutions, 
whereas the volume fraction occupied by 
coils <5 3 in the dilute regime is proportional to 
the packing fraction of coils defined by 

1-s 
* -B 

according to the following equations 

15 3 _ 1 - B 1 - s* 1 - s 
dilute--1-B . _1_0_ 1 e* 

cOil - "coil -" 

(3) 

(4) 

where s* is the porosity at the transition 
between the two domains of concentration. 

As a consequence of the above considera­
tions, eq 1 may be simplified to the form valid 
in the dilute regime: 

A.R=f(O (5) 

The form off(O depends on the exponent n in 
eq 2 and should be the same for all polymer­
solvent systems with the same n-value. In 
particular, this function for a given polymer-
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solvent system, is independent of polymer 
molecular weight. The polymer molecular 
weight is represented1 by 

M = const3R 3(1- t:con) (6) 

For a one obtains from eq 4 

(7) 

and from eq 5 

(8) 

so eq 6 may be rearranged into the following 
proportionality 

(9) 

By taking into account the definition of A for 
a sedimenting system1 

(1- P1/ P.)c 

Jl.S 

where c = p.(l- s), p1 and Ps are the solvent 
density and solute density, respectively, and Jl. 

is the solvent viscosity, the proportionality of 
eq 9 may be expressed in terms of the com­
monly used quantities of sedimentation co­
efficient s and concentration c or solute weight 
fraction w, which is nearly propirtional to c, 
as follows: 

for (10) 

To use 1his proportionality, the equation 
describing lines of constant must be known. 
For a constant the following equations may 
be derived from eq 8, 7, and 6, respectively 

dlnA dlnR (11) 
dln(1-s) dln(1-s) 

dlnR dlnR (12) 
dln(1-s) d ln (1- t:coil) 

dlnM 1+3 dlnR 
d ln (1- t:coil) d ln (1- t:coil) 

(13) 

From eq ll-13 the following relationship 
may be derived: 
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d ln A I 1 [ d ln M J =- 1- (14) 
dln(1-t:) 3 dln(l-t:coil) 

The value of the right side of eq 14 is inde­
pendent of and thus must be equal to its 
value for = l. Hence, eq 14 reduces by eq 2 
to 

dinA 

dln(1-s) 
n (15) 

By means of eq 11-15, it can be shown that 
in the log A vs. log (1- s) plot lines of constant 

are straight and parallel to the line describ­
ed be eq 2. 

Practical application of eq 10 may be made 
in the following way. On a log-log plot one 
represents sedimentation coefficient UJ.ea­
sured over a large concentration interval, for 
a given polymer of known molecular weight 
M. as a function of concentration. In the 
semidilute regime the line should be straight. 
By measuring at a low concentration the se­
dimentation coefficient for the same polymer 
of the molecular weight Mx to be determined, 
one get the point (c.,sx) in the plot. Through 
the point (c.,sx) one draws the line parallel to 
the straight line, obtaining the point of inter­
section (c.,s.) with the s(c)-reference curve. The 
molecular weight Mx then can be calculated 
according to the following equation: 

(16) 

VERIFICATION 

Previously1 it was concluded on the basis of 
experimental data2 that for 0.03 < < 0.1, the 
molecular weight of a given polymer calculated 
from the model is higher than a nominal one, 
but their ratio is a unique function of for 
different nominal molecular weights consid­
ered. For <0.1 it is thus possible to apply 
the new relative method described in this 
paper. Experimental data2 verify in this way 
the method for <0.1. As an additional veri-
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Figure 1. The new relative method of determining molecular weight of polystyrene using sedimentation 
data in cyclopentane: e. Mnominat=2.04x 104 ; 0, Mnominat=l.l X 105; !::,., Mnominat=3.9x 10\ \7, 
Mnominal =9.5 X 105 . 

I -3 
c kg·m 

Figure 2. The new relative method of determining molecular weight of polystyrene using sedimentation 
data in toluene: Q, Mnominat=l.l X 105 ; !::,., Mnominat=3.9x 105 . 

fication presented, data of sedimentation co­
efficient are employed, for which the absolute 
method cannot be used. 

H-;n<JL 

Many experimental data are available for 
sedimentation coefficients but they are usually 
not corrected for pressure effects . to obtain 
values valid for atmospheric pressure. How­
ever, since the experiments were performed 
under closely identical conditions, the sedi­
mentation coefficients determined correspond 
to a certain average pressure. Such sedimen­
tation coefficient values are regarded to be 
proportional to the values for atmospheric 
pressure.3 So the relative variation of sedi-

Figure 3. Plot of M vs. M nominal for the systems in­
dicated: !::,., polystyrene in cyclopentane; e, polystyrene 
in toluene. 
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mentation coefficient with concentration is 
retained. Equation 10 should be thus exact 
for such data. 

The additional verification is performed for 
two polymer-solvent systems, one at the theta 
temperature and the other in a good solvent. 

In the logs vs. log c plot, a line parallel to 
the straight line valid in the semidilute regime 
should intersect lines in a dilute regime at 
points for which eq 16 is valid. The molecular 
weight will be calculated by taking the lowest 
Mnominai as a reference. 

The first system is polystyrene in cyclopen­
tane at the theta temperature, for which sedi­
mentation coefficients were measured by 
Nystrom et a/.4 over a large concentration 
interval. Nominal molecular weights were 
2.04x 104 , 1.1 x 105, 3.9x 105 , and 9.5x 105 . 

The second system is polystyrene of nominal 
molecular weights of 1.1 x 105 and 3.9 x 105 in 

794 

toluene at 25°C, for which sedimentation co­
efficients were measured by Nystrom et a/. 5 

Experimental data and the constant 
are shown in Figures 1 and 2. 

The molecular weights calculated by eq 16 
are compared in Figures 3 with their nominal 
values. 

A good agreement may be observed for both 
systems analyzed. 
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