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LETTER TO THE EDITOR

Solvent “Goodness” in Polymer
Separation by Flow

It has been recently shown [1] that flow of a polymer solution through
a tube should lead to a continuous separation of the polymer molecules
according to size. The reason is that the average polymer velocity is greater
than that of the fluid. The difference between both velocities is proportional
to the effective radius of the polymer molecule. Consequently, larger
molecules flow faster than smaller ones and a continuous separation occurs.
Separation of polymer molecules according to size is important because
polymer dimensions are proportional to some power of the molecular
weight M, and separation of molecular weights is, thus, simultaneous with it.

The purpose of this letter is to point out that this separation of molecular
weights by flow should become more effective with good solvents. The
reason is, simply, that polymer dimensions are more strongly dependent on
M when good thermodynamic conditions are present. For the mean square
radius of gyration ¢ S?), the well-known relationship (S?) ~ M"* @ (a = 0)
shows that the range of variation of (S?) with M, for a given polymer, is ex-
tended by solvent “goodness” (a > 0).

In the case of separation by flow, the relevant molecular dimension is the
effective radius a, which is also a measure of the hydrodynamic volume
v [1]. For a random coil, a ~ (§?)!/2, Hydrodynamic dimensions are not
strictly proportional to ($?)'/2, however, when excluded volume is present
{2]. But in all instances, v is related to M by the same functional form as
(S%)®/2 is, namely: v ~M3/2*€ (e > 0). The value of € for a given
polymer-solvent system may differ from 3/2a if excluded volume affects
the hydrodynamic and equilibrium molecular volumes differently, but in all
cases € increases as thermodynamic conditions are improved. In this way,
the range of molecular radii on which the difference between polymer and
fluid average velocities depend is expanded by use of a good solvent (e > 0).

To get an idea of the magnitude of the influence of solvent *“goodness™
on separation of molecular weights by flow, we shall compare the values of
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the elution volumes for different M’s in two extreme cases: a #-solvent
(e = 0) and a very good solvent (¢ = 0.3) [3]. The relation between
elution volume V, and molecular size, given by DiMarzio and Guttman

{11, is
Ve = mlr [2 -(1-R)? - 27R2] - (n

where ry and 1 are the tube radius and length, respectively, R = afrq, and
7v is a parameter that measures the local retardation effect suffered by the
polymer during flow [1]. Suppose that a certain polymer sample consists
of different molecular weights between a minimum value M, and a maxi-
mum value M,. The effectiveness of their separation depends on the range
of elution volumes covered by the sample, i.c., on the difference AV, =
Ve(M;) - Ve(M,) between the slowest and fastest flowing molecules. The
molecular weight ratio M, /M, and the value of ¢ determine the ratio
between the effective radius of the largest and smallest molecule as [4]

R(Mz,e)_ M 1/2+€/3
ROL,©) [M{I @)

In order to calculate AVe from Eqgs. (1) and (2), it is necessary to specify,
in addition to M, /M, and e, the value of the relative radius R for one of
the two molecular weights (M; or M,).

The results obtained for the normalized elution volume difference
AV = AVg/nlr? (with AV computed using Eq. (1) in the simple case of no
retardation, v = 0) are shown in Table 1 for three different molecular
weight ratios (M, /M, = 2, 5, 10) and three different choices of relative
radius [R(M,,e = 0) = 0.1, 0.05, 0.01] covering a wide range of AV (the
possible values of AV are in the range 0-0.5)[1]. For each R(M,,e = 0) the
corresponding value of R(M,,e = 0.3) has been taken as R(M,,0.3) =
1.5R(M, ,0); i.e., the expansion factor for R(M;) in a good solvent has been
set constant and equal to 1.5 [5].

Table 1 shows that the influence of solvent *“‘goodness™ on elution vol-
umes can become large. In fact, the difference between AV for a good sol-
vent and a @-solvent (last column) is of an order of magnitude similar to AV
itself. However, these numbers are for an extreme situation in which a very
poor solvent (e = 0) is compared with a very good one (¢ = 0.3). Compari-
son between different solvent conditions for most practical cases should
correspond to situations in between those tabulated.

Use of a good solvent should also decrease the spreading caused by



10: 52 25 January 2011

Downl oaded At:

LETTER TO THE EDITOR 489

Table 1. Difference in Elution Volumes between the Highest and Lowest
Molecular Weights of a Polymer Sample

AV AV (e=0.3)

R(M,,e=0) M, /M, €=0 €=03 - AV (e=0)
0.10 2 0.048 0.070 0.022
10 0.187 0.239 0.052

50 0318 - -

0.05 2 0.031 0.051 0.020
10 0.136 0211 0.075
50 0.279 0.362 0.083
0.01 2 0.007 0.014 0.007
10 0.039 0.075 0.036
50 0.100 0.195 0.095

Brownian diffusion on the elution volume peak of a given M. This is be-
cause spreading grows approximately as the inverse of the molecular
diffusion coefficient [1], and the influence of excluded volume on a given
polymer chain is to decrease its mobility [6].
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