This article was downloaded by:

On: 25 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

s e STEVEN . CRANG Separation Science and Technology
Publication details, including instructions for authors and subscription information:
SEPARATION SCIENCE

http://www.informaworld.com/smpp/title~content=t713708471

Stationary-mobile phase distribution coefficient for polystyrene standards
— — . |F.Torrens V. Soria®
 Universitat de Valéncia, Burjassot (Valéncia), Spain

Online publication date: 29 May 2002

To cite this Article Torrens, F. and Soria, V.(2002) 'Stationary-mobile phase distribution coefficient for polystyrene
standards', Separation Science and Technology, 37: 7, 1653 — 1665

To link to this Article: DOI: 10.1081/SS-120002742
URL: http://dx.doi.org/10.1081/SS-120002742

PLEASE SCROLL DOWN FOR ARTICLE

Full terns and conditions of use: http://wwinformworld.coniterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or danmmges whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713708471
http://dx.doi.org/10.1081/SS-120002742
http://www.informaworld.com/terms-and-conditions-of-access.pdf

10: 33 25 January 2011

Downl oaded At:

SEPARATION SCIENCE AND TECHNOLOGY, 37(7), 1653—-1665 (2002)

STATIONARY-MOBILE PHASE
DISTRIBUTION COEFFICIENT FOR
POLYSTYRENE STANDARDS

F. Torrens* and V. Soria

Institut Universitari de Ciéncia Molecular and Institut de
Ciencia dels Materials (ICMUYV), Universitat de Valéncia,
Dr. Moliner 50, E-46100 Burjassot (Valéncia), Spain

ABSTRACT

The measured shifts of the retention volume Vi of polystyrene
(PS) towards lower values in benzene—methanol (Bz—MeOH),
and towards higher values in butanone—heptane (But—Hep) are in
agreement with our theoretical model, in which both MeOH and
But are adsorbed on Lichrospher. This paved way for us to model
the chromatographic stationary (s)-phase as MeOH and the mobile
(m)-phase as Bz—MeOH, and to calculate the distribution
coefficients for PS. For But—Hep, the s-phase has been modeled
as But, and the m-phase as But—Hep. A linear relation for the
experimental equilibrium distribution Py, of PS is shown between
the s- and m- phases in Bz—MeOH and But—Hep vs. the logarithm
of the molecular mass log M,,. The s- and m-phases for PS in Bz—
MeOH and But—Hep are modeled, and log Py, is calculated. The
results indicate the preference of PS for Bz—MeOH and But. The
calculations predict a Vg shift of PS towards lower values in Bz—
MeOH, and towards greater values in But—Hep. The different
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adsorptions on Lichrospher of MeOH (multilayer) and But
(monolayer) affect the magnitude of the V shift.

Key Words: Distribution coefficient; High performance liquid
chromatography —size-exclusion chromatography; Ternary poly-
meric system; Transient stationary phase; Polystyrene

INTRODUCTION

There are many applications of molecular segregation phenomena
associated with the flow of polymer molecules through porous media. The
segregation processes reflect interplay between hydrodynamic and thermodyn-
amic effects, which often allow remarkably effective separations. The most
important application of these effects leads to the separation of polymers in
accordance with their hydrodynamic size, and the process is recognized as the
basis of size-exclusion chromatography (SEC). An attractive interaction between
the polymer in solution and the solid portion of the porous medium can
substantially affect molecular separation. From the theoretical point of view, the
complementary models of Casassa (1) and di Marzio and Guttman (2) are
appropriate for different types of porous media. However, the complex structure
of the pore space in real chromatographic materials must be recognized, as must
the fact that any particular model of the pore shape necessitates idealization.

Multicomponent eluents are often used in liquid chromatography (LC)
under isocratic conditions in both organic and aqueous environments (3,4). In the
case of SEC of polymers, the first application of the multicomponent eluents
refers to a new mode of SEC, called critical SEC, where the retention volume Vi
of a polymer sample exhibits no dependence on the molar mass (5,6). The second
advantage in using this kind of eluents is concerned with the possibility of
performing transient stationary (s)-phases by chemisorption of one or more
components of the eluent on the active centres of the gel packing (7—10).

On the microscopic phase description entrapped in the pores of the packing
material, some contributions dealing with chromatographic modes other than
SEC in multicomponent eluents have been published (11-13). Jaroniec and
Martire (14) described the solute retention in LC, with mixed eluents involving
nonspecific solute—solvent and solvent—solvent interactions in both mobile (m)-
and s-phases, as well as association equilibria in these phases. Boehm and Martire
(15) reported a statistical thermodynamic treatment based on the Bethe—
Guggenheim quasi-chemical approach, to predict solute distribution between a
binary solvent m-phase and a s-phase consisting of a monolayer of solvent
molecules sorbed on a chemically homogeneous planar support surface. The use
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of multicomponent mixtures as m-phases led to the formation of extra peaks often
called system peaks, because of a thermodynamic phenomenon resulting from the
perturbation of the chemical equilibrium (16). Size-exclusion chromatography
was used for quantitative evaluation of the preferential solvation by analysis of an
extra peak termed in this context as vacant peak (17-20).

Garcia et al. (21) studied polymer retention in SEC with mixed eluents on
silica-based gel packings. In a previous paper, an extension of this
thermodynamic treatment including more elaborated models for the s-phase
was proposed (22). The conventional Flory—Huggins formalism often used to
deal with the liquid—liquid phase equilibrium in polymer solutions described the
solute distribution (23,24). The theory of association equilibria for a binary
mixture, when the polar component can undergo self-association was
substantiated for the evaluation of the s-phase composition (25,26). The
predictions of this analysis were compared with experimental data on distribution
coefficients obtained from SEC experiments for a set of commercial (Waters
Association, Milford, MA) narrow atactic polystyrene (PS) standards eluted on
Lichrospher packing using benzene—methanol (Bz—MeOH) 80/20, v/v, and
(But—Hep, 80/20, v/v) binary eluents.

The Vi shift of PS towards lower values in Bz—MeOH and towards higher
values in But—Hep are in agreement with our theoretical model, in which both
MeOH and But are adsorbed on Lichrospher under both static and flow
conditions. This has paved way for us to model, in a first approximation, the
chromatographic s-phase as MeOH and the m-phase as Bz—MeOH. A method
that permits a semi-quantitative estimate of the distribution of any solute between
any two media is presented. The model is based on a solvent-dependent
conformational analysis program (SCAP) proposed by Hopfinger. The hallmark
of our version of SCAP is that it has been designed for all solvents without
previous parameterization. Solvent-dependent conformational analysis program
is based on the division of AGY, in a system of increments by atoms or by
groups. As an example, we have calculated the distribution coefficient P of a set
of PS taken as PS-standard models. We have computed AG",, in MeOH, Bz~
MeOH, But, and But—Hep, and log P for the Bz MeOH-MeOH and But/Hep—
But systems. We have calculated the distribution coefficients for random-coil
monodisperse PS from one to 86 chain styrene units. We have optimized the
molecular conformations with MM2 molecular mechanics (27). For But—Hep,
we have modeled the s-phase as But, and the m-phase as But—Hep. This work is a
first step in modeling SEC distribution coefficients of PS.

In the next section, the main features of the universal solvation model are
described. Following that, the results are presented and discussed for some linear
correlation models including the PS distribution coefficient Py, and for the free
energies of solvation and distribution coefficients of PS in Bz—MeOH and But—
Hep. The last section summarizes our conclusions.
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ENERGIES OF SOLVATION AND DISTRIBUTION
COEFFICIENTS IN GENERAL SOLVENTS

The basis for building a method that permits a semi-quantitative estimate of
the distribution of any solute between any two media has been reported elsewhere
(28—-33) (see illustration in Ref. 34). The method is based on the model of Hopfinger
(35,36). The main improvement introduced is the change in the standard Gibbs free
energy parameter AgY calculated using the generalized Born equation (37),

1-1 €€ — 1)
Ag) = Ag)—S =Agh———— 1
8 gol _el 8o €€, — 1) )

where the subscripts o and s stand for 1-octanol and for a general organic solvent,
respectively, and €, and €, are the relative dielectric constants.

The only needed parameters are the relative dielectric constant € and
molecular volume V; of the organic solvent. V; values have been calculated with a
new version of program TOPO (38), which includes an actualized database of van
der Waals radii (39). In this work, the following values have been used: € =
2.274 (Bz), 32.63 (MeOH), 18.07 (But), 1.917 (Hep) (40,41), V, = 79.6 A> (Bz),
36.4 A% (MeOH), 74.6 A> (But), and 119.1 A> (Hep). The generalized SCAP
method was applied previously to porphyrins, phthalocyanines, benzobisthia-
zoles, fullerenes, phenyl alcohols (28), acetanilides, local anaesthetics (29),
barbiturates (29,31,32), lysozyme (30), and hydrocarbons (33).

CALCULATION RESULTS AND DISCUSSION
Linear Correlation Models

Philip showed a linear relation between the relative dielectric constant €
and the volume fraction of MeOH y, in binary mixtures with Bz (42). Linear
regressions were also shown for mixtures of Bz with phenol, o-cresol, m-cresol,
p-cresol, phenyl methyl ether, o-tolyl methyl ether, m-tolyl methyl ether, p-tolyl
methyl ether (43), toluene (44), camphor, menthol (45), oleates, and castor oil
(46). Other linear models were shown for mixtures of heptane with carbon
disulfide and 1-bromonaphthalene (47,48). Assuming linear correlations for e
and the effective molecular volume V,, it has been obtained

€ =2.27+30.36y
and

Vi =79.6 — 432y
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for Bz—MeOH mixtures. Moreover, it has been calculated
€ = 18.07 — 16.15x

and
Ve =746 +44.5x

for butanone—heptane (But—Hep) systems, where y is the volume fraction of
Hep. From these equations it has been calculated that e = 8.35 and V, = 71.0 A3
for Bz—MeOH (80/20, v/v), and € = 14.84 and V; = 83.5 A3 for But—Hep (80/
20, v/v).

Soria et al. considered a set of PS of different molecular weights as solute,
chromatographed in the binary eluent Bz—MeOH (80/20, v/v), which behaves as
a good solvent (Bz) and a nonsolvent (MeOH) (22). They measured the retention
volume Vi of PS in Bz—MeOH considering an ideal reference system such as PS
in Bz. When going from pure Bz to its MeOH mixture, there is an increase in
solvent—gel interactions and, therefore, a relative decrease in polymer—gel
interactions (49). The Vi of macromolecules shifts towards lower values, in spite
of smaller hydrodynamic volumes (50). This behavior is enhanced for the lowest
molecular weight polymers and two positive combined effects may be invoked to
explain it. The first one is that the relative shrinkage of coils decreases with
decreasing molecular weight. On the other hand, it is known that preferential
solvation in these systems is enhanced for low molecular weight samples (51,52).
Successive preferential solvations along the column will yield a solvent richer in
MeOH than the original mixture. The strong MeOH-gel interactions will prevent
polymer—gel interactions and as a result Vi decreases. The preferential
phenomenon being more important, as the molecular weight decreases, a similar
trend is expected for Vg.

Values of the distribution coefficient Py, for equilibrium partitioning of PS
between the chromatographic s- and m-phases have been obtained directly from
Vg considering an ideal reference system such as PS in Bz, according to:

(VR - ‘f))Bz—MeOH (2)
(VR = Vo),

and assuming [Py g, = 1 for ideal SEC. The results are compatible with linear
and nonlinear correlation models (Fig. 1). As an example, the data have been
fitted to the equation:

[Psm]B.-Meon =

Pym = 0.998 — 0.154log My, (r = 0.947) 3)

where M,, is the weight average molecular mass (in kDa) of PS. Notice that the
experimental results show a distinctive curvature, which might be attributed to end
group effects. For M,, = 1kDa, the fit predicts P, = 0.998. As the theoretical
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y =0.105x + 0.972 r=0.786 O
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Figure 1. Experimental distribution coefficients for PS in Bz—MeOH (80/20, v/v) and in
But—Hep (80/20, v/v) as a function of the logarithm of the molecular weight in kDa.

value is 1.000, an error of 0.2% can be estimated in first approximation. However,
the estimate has been improved. As a nonlinear regression leads to an intercept of
ca. 0.9, a greater error of 5% is finally proposed.

The elution of PS in But—Hep (80/20, v/v), in which But behaves as a good
solvent and Hep as a nonsolvent, has been studied. In the But—Hep system there is
a shift towards higher Vr when the thermodynamic quality of the solvent mixture
decreases. The reasons are the same as above, i.e., shrinkage of the
macromolecular coils and loss of eluent strength. In this case the difference
rests on both effects working in the same direction. Moreover, as the relative
shrinkage of macromolecules increases with increasing molecular weight, the
differences in Vi of mixtures with respect to those of pure solvent follow the same
trend and the higher differences appear with the highest molecular-weight
samples.[Psy |pu—mep has been calculated according to a formula analogous to
Eq. (2), assuming [Pgy ]y = 1. The results (Fig. 1) have been fitted to:

Pyn = 0.972 + 0.105log My, (r = 0.786) 4)

Notice that the experimental results show a distinctive curvature. For
My, = 1kDa, the fit predicts Py, = 0.972 with an error of 3%. The slope for
But—Hep is, in absolute value, somewhat smaller than the slope for Bz—
MeOH. This suggests that the Vr(But—Hep) shift will be smaller and in the
opposite direction of the Vrx(Bz—MeOH) shift, in agreement with experiment.
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Free Energies of Solvation and Distribution Coefficients
in Bz-MeOH

AG?,, and log P have been calculated for PS from one to 86 chain styrene
units. The results show that, although —AGSOlV increases, in general, with the
number of monomeric units, N, in MeOH, this effect is more stronger in Bz—
MeOH (Table 1). Thus, logPg;/meon-mecon Tesults are positive. The
corresponding interpretation is a strong preference of PS for Bz—MeOH with
respect to MeOH. Log Pg,/mecon-meon increases with N, rising two orders of
magnitude on going from one to 86 units. Notice that for values of log P > 3,
more than 99.9% of PS is in the Bz—MeOH phase. Therefore, all the results but
one predict a negligible quantity of PS in MeOH. Even, when a number of log P
values are greater than the Avogadro number exponent 23 (P > 10%) is, the
explanation is that no PS would be present in MeOH to allow experiments for
validation. However, all the log P figures are placed in Table 1 for the only
purpose of comparison along the series.

The variation of the calculated Py, for BZ/MeOH-MeOH with N = 1-51is
shown (Fig. 2). In the limit of low N the fit predicts Py, = 0.001 log unit. As the
theoretical value is 1.000, an error of one log unit is estimated for small N.

In our model of PS eluted on Lichrospher with Bz—MeOH, MeOH
(nonsolvent) represents the s-phase and Bz—MeOH characterizes the m-phase. In

2.5
y = 1.701x + 1.140 r=0.975
2 -
1.5
] u} But/Hep—But
&
1 ° Bz/MeOH—MeOH
0.5 -
y = -0.002x + 0.001 r=0.842
0-1—© © © 0—©6
T T T
log N

Figure 2. Calculated distribution coefficients for PS in Bz/MeOH-MeOH and in
But/Hep—Hep as a function of the logarithm of the number of chain styrene units.
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accordance with our model, a rather strong Vi shift towards lower values is
predicted. The Vi shift was measured experimentally (22) in agreement with our
theoretical model. The corresponding interpretation is that the pore radius for
Lichrospher drops due to the presence of adsorbed MeOH molecules inside the
pore.

Free Energies of Solvation and Distribution Coefficients in
Butanone—Heptane

The successful prediction of our model for Bz—MeOH led us to study the
case when a good solvent can model the s-phase. This is the instance of But—Hep,
where But (good solvent), which can be adsorbed on Lichrospher, can be taken as
amodel of the s-phase. —AGY, increases with the number of chain styrene units,
N, in But and But—Hep (Table 1), but this effect is slightly more pronounced in
But. Thus, log Ppy¢/Hep-pu i found negative. The corresponding interpretation is
a preference of PS for But with respect to But—Hep. In general, —log Ppy/Hep-But
increases with N, rising two orders of magnitude in Table 1.

The variation of the calculated Py, for But/Hep—But with N = 1-5 is
displayed (Fig. 2). The results are compatible with linear and nonlinear
correlation models. As an example, the data have been fitted to a linear equation.
In the limit of low N, the fit predicts Py, = 1.140 log units with an error of ca. 0.1
log unit. Notice that the calculation results show a distinctive curvature.

In our model of PS eluted on Lichrospher with But—Hep, But represents the
s-phase and But—Hep characterizes the m-phase. In accordance with our model, a
moderate Vi shift towards higher values is predicted. The corresponding
interpretation is the presence of an attractive interaction But—PS in the s-phase
due to the presence of adsorbed But molecules inside the Lichrospher pore.
Notice the opposite Vg shift in the Bz MeOH—-Bz and But/Hep—But experiments.
The explanation is that in the former the nonsolvent (MeOH) is absorbed on
Lichrospher, whereas in the latter the good solvent (But) is adsorbed on the gel.

Notice that log Pg, /meon-meon i very much greater than [log Pgyg/tep—pul
in Table 1. Therefore, a greater Vg shift is predicted for Bz—MeOH than for But—
Hep. The corresponding interpretation is that the adsorption is of a different type
for MeOH and But on Lichrospher. On the one hand, MeOH, whose self-
association by hydrogen bonds is well known, is adsorbed on Lichrospher
forming a multilayer (22). On the other hand, But is an aprotic solvent, which
cannot undergo self-association by hydrogen bonds due to the lack of polar
hydrogen atoms in its molecular structure. Therefore, we propose in this work
that But can be adsorbed on Lichrospher but forms only a monolayer. The greater
Vr shift of PS in Bz—MeOH is in agreement with Fig. 1, where this binary eluent
shows greater slope.
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CONCLUSIONS

A method that permits a semi-quantitative estimate of the distribution of any
solute between any two media is presented. The model is based on the modification
of a previously established model known as SCAP and proposed by Hopfinger. The
hallmark of our model is that it has been designed for a// solvents without previous
parameterization. As an example, the distribution coefficient P of a set of PS taken
as PS-standard models is calculated. AG®, has been calculated in MeOH, Bz—

MeOH, But, and But—Hep, and log P for the Bz MeOH—-MeOH and But/Hep—But
systems. From the present results the following conclusions can be drawn.

1. Linear relations have been proposed for € and V as functions of the
volume fraction of one solvent in Bz—MeOH and But—Hep mixtures.

2. A linear correlation model of the experimental Py, has been shown for
equilibrium distribution of PS between the chromatographic s- and
m-phases in Bz—MeOH and But—Hep binary eluents, as a function of
log M,,. Both fits are in agreement with our theoretical model.

3. The Bz/MeOH—-MeOH results indicate a strong preference of PS for
Bz—-MeOH and predict a Vi shift of PS towards lower values in Bz—
MeOH relative to Bz. The But/Hep—But results show a moderate
preference of PS for But and predict a Vi shift towards greater values in
But—Hep. These results are in agreement with both the experiment and
our theoretical model.

4. The different solvent characters of MeOH and But result in their
different types of adsorption on Lichrospher that affect the magnitude
of the Vg shift. MeOH is adsorbed forming a multilayer. However, we
propose that But is adsorbed forming only a monolayer.

This work is a first step for modeling SEC distribution coefficients of PS.
Work on designing the dependence of the properties of the s-phase and Py, with
PS M, is in progress.
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