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EFFECT OF PRESSURE ON PREFERENTIAL
SORPTION WITHIN COLUMN PACKING:
POSSIBLE EXPLANATION OF SOME
UNEXPECTED RESULTS IN GPC
WITH MIXED ELUENTS

T. Mackol, M. Chalényovaz, and D. Berek 1

1Polymer Institute
Center of Chemical Research
Slovak Academy of Sciences
84236 Bratislava, Czechoslovakia
2Chemical Institute
Comenius University
84215 Brataslava, Czechoslovakia

ABSTRACT

It is shown that pressure affects the extent of
preferential sorption of mixed eluent components on
the surface of GPC column packing. In some systems,
this may result in base line perturbations and
possibly also in changes of size, shape and position
of samp{e peaks when pressure is changed within column
either due to variation in the flow rate or as a re-
sult of partial blocking of column end fittings and
connecting capillaries. The described phenomenon could
lead to erroneus GPC results. On the other hand, it
may help to explain some unexpected and artificial
results obtained in GPC separations with mixed eluents.
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INTRODUCTION

For several reasons, two- and multicomponent
solvents are systematically applied as eluents in gel
permeation chromatography (GPC) (1), Mixed eluents
are used often used also unwantedly if the solvents
contain impurities such as water in tetrahydrofuran
(2,3)., Various secondary effects may accompany GPC
with mixed eluents, Typically, the elution volumes
are shifted due to both the changes in dimensions of
macromolecules and the preferential sorption of one
eluent component on the active column packing surface
(3,4), Simultaneously, extra peaks (vacancy or solvent
peaks) appear on chromatograms at high elution volumes
brought about by preferential solvation of sample mo-
lecules in mixed eluents and by displacement effects
(1,3,5,6).

In this paper, we discuss other group of appa=-
rent artifacts in GPC with mixed eluents, namely the
base line perturbations and changes in sample peak
characteristics induced by pressure (and flow rate)

variations in chromatographic system,

EXPERIMENTAL

The assembly according to Fig. 1 was composed

of a pump (Model FR-30, Knauer, Bad Homburg, FRG),
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E P G RI F

FIGURE 1 Scheme of the LC assembly: E = eluent
container; P = pump; G = pressure gauge; C = column;
V = valve in position a ( )and b (=== ); CA =
capillary; RI = detector; F = vaste.

a pressure gauge with the overpressure limitation
(Institute for Chemical Processes Fundamentals,
Czechoslovak Academy of Sciences, Prague, Czechoslova-
kia) stainless steel column 250 x 0.6 or 100 x 0.6 mm
I, D, (Laboratory Instruments, Prague, Czechoslovakia),
6-port 3-way valve (Spectra-Physics, Santa Clara, CA,
USA) and refractometric detector (Model RIDK 101, La-
boratory Instruments, Prague, Czechoslovakia). When
switching the valve V from position g to b, capillary
CA (50 m x 0.25 mm I, D,) was inserted between the
column and detector,

The column was packed alternatively either by si-
lica gel CH-70 or by octadecyl silica gel Silipor Cig

(both Lachema, Brno, Czechoslovekia) or by silica gel
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Separon SI VSK (Laboratory Instruments, Prague, Cze-
choslovakia) or by silica gel Silpearl (Glass Works
Kavalier, Votice, Czechoslovakia).

Eluent was either the azeotropic mixture benze-
ne/methanol prepared by distillation at atmospheric
pressure or mixtures tetrahydrofuran (THF)/water,
chloroform/tetrachloromethane and 2-propanol/1,2-di-
chloroethane with various compositions, prepared by
mixing single components, THF was purified according to
(2). Water was treated with KMnO , and twice distilled
from glass. Other solvents were used without purifica-
tion, All organic solvents of analytical grade were
purchased from Lachema, Brno, Czechoslovakia.

The experiments were done at room temperature,

RESULTS AND DISCUSSION

Bage Line Perturbations

In the majority of GPC measurements, differen-
tisl refractometer is used as detector., Inherently,
its response depends on temperature and pressure (7,
8). In other words, any sudden change of temperature,
pressure or elution rate in the GPC system produces
unavoidably some base line perturbation, The GPC
system containing mixed eluents are, however, someti-

mes extremely sensitive to small changes in operatio-
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nal parameters and an additional explanation must be
looked for, e, g. the pressure dependence of prefe-
rential sorption of eluent components on the column
packing surface (9 - 12},

We tested the influence of pressure variations
on the base line stability in several packing - eluent
systems by means of the assembly described in the
experimental part. When valve V is switched, pressure
is suddenly changed within column C; however, pressu-
re within the measuring cell of differential refra-
ctometer remains constant and the elution rate varia-
tions are very small if the pumping system works
precisely enough and the short volume pulse due to the
compressibility of eluents can be neglected.

The typical examples of detector responses to
the switching valve V are shown in Figs, 2 - 6, 8, The
change of pressure within the column produces a pro-
nounced base line perturbation of typical shape. The
process is fairly reversible in almost all systems
studied, This means that if an increase in pressure
brings about a perturbation with positive sign of the
detector response, the following pressure drop due to
switching the valve V from position b to a results in
the mirror image perturbation with the negative sign
(Figs. 2 - 5, 8). Simultaneously, the process is fully

repeatable in most of the systems studied, i, e. the
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FIGURE 2 Example of the base line perturbations,
Column: Silica gel CH-70, 70-200 pm, 25x0.6 cm I.D,
Eluent: THF/water, 80/20, v/v.
Pressure change: 10,4 MPa,
Elution rate: 1.1 ml/min,
Detector sensitivity: 32x,
Symbols: A - In this moment valve V was switched from
position b to a.
B - Valve V was switched from position g to b.
t - Elution time.
V.- Volume of liquid within column C,

Vea - Volume of capillary CA,

The sign of the detector response for the excess
of particular eluent components is shown in the figure.

THF A
e m b
!
water B
FIGURE 3 Example of the base line preturbations.

Column: Silipor C,g, 125-150 um, 25x0.6 cm 1.D,
Eluent: THF/water,  80/20, v/v,

Pressure change: 10,2 MPa,

Elution rate: 1.4 ml/min.

Detector sensitivity: 32x,

Symbols as in Fig, 2.
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benzene B A
A b
methanol
FIGURE 4 Example of the base line perturbations,

Column: Silica gel CH-70, 70-200 uym, 25x0.6 cm I.D,
Eluent: Benzene/methanol, azeotropic mixture.
Pressure change; 5.3 MPa,

Elution rate: 1,0 ml/min.,

Detector sensitivity: 32x,

Symbols as in Fig. 2,

benzene

t

methanol

FIGURE 5 Example of the base line perturbations,
Column: Silipor C,., 125-150 um, 25x0.6 cm I.D.
Eluent: Benzene/mgghanol, azeotropic mixture.
Pressure change: 12.3 MPa,

Elution rate: 2.1 ml/min,

Detector sensitivity: 32x,

Symbols as in Fig. 2,

1129
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FIGURE 6 Example of the base line perturbations,
Column: Silpearl, 6 um, 10x0.6 cm I.D.

Eluent: Chloroform/tetrachloromethane, 4.5/95.5, v/v.
Pressure change: 5.5 MPa,

Elution rate: 1.0 ml/min,

Detector sensitivity: 32x,

Symbols as in Fig, 2,

multiple switching the valve V produced the same re-
sults, The base line perturbations appear in the form
of zones with widths corresponding to the total volu-
me of liquid within column V.. The only exception
from the above rules present mixed eluents CHCl3 plus
CCl4, where the reversibility and repeatability of
base line perturbationswere not perfect. Simultane-
ously, in this case the width of zones depended on
the relative concentration of eluent components being
often larger than V, (Fig. 6).

If pressure is increased in the system i. e,
if capillary CA is 1inserted into the eluent path, the
base line perturbations appear with a delay correspon=

ding to the volume of capillary CA (cf. Figs., 2 - 8),
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The base line perturbations did not generally
appear if the column was substituted by another
capillary with similar flow resistance as column, The
base line perturbations were either very small or not
observed at all if single liquids were pumped through
columns under otherwise identical experimental
conditions,

We can conclude that the observed base line
perturbations are caused exclusively by the processes
taking place within the column and indicate the local
changes in the composition of mixed eluent. That is
why we call them "eigenzones" (10},

The changes of pressure in a column may also be
generated by changing the eluent flow rate. An example
of eigenzones produced in this way is shown in Fig. 7.
Of course, the shape of eigenzones is in this case
more or less influenced also by changing the flow rate

within the measuring cell of the detector.

The explanation of the above results is as
follows: The binary interactions in the multicomponent
systems are usually asymetrical, This results in the
well-known phenomena like preferential solvation
of solute molecules in mixed solvents or adsorption of
solute molecules from dilute solutions and preferential
sorption of one componentof mixed liquids on the solid

surface. The extent of preferential sorption depends
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1.8+0.3 ml/min
benzene
t e - e e e e e -
methano!
0.3—+1.8 ml/min
FIGURE 7 Example of the eigenzones generated by

sudden change of eluent flow rate.

Column: Separon SI VSK, 8-12 um, 25x0.6 cm I.D,
Eluent: Benzene/me thanol, azeotropic mixture,
Pressure change: 9.3 MPa,

Elution rate: 0.3 ml/min or 1.8 ml/min.
Detector sensitivity: 32x,

Symbols as in Fig, 2,

on temperature and, as has been found recently, also
on pressure (9 - 12), Any change of temperature or
pressure within GPC column flushed with mixed eluent
may thus cause a change of the composition of the li-
quid sorbed in the domain of column packing, and, con-
sequently, also the change in the composition of the
mobile phase in the interstitial volume. The latter
is observed in the column effluent by means of diffe-
rential refractometer as a base line perturbation,
eigenzone,

This hypothesis also may be applied to the
observations published by Aubert and Tirrell (13,14)

and by Basedow et al.(15):
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Aubert and Tirrell (13,14) reported the
appearance of base line perturbations, when the flow
rate of polystyrene (PS) solution in THF pumped
through silanized silica gel packings suddenly chan-
ged. They observed the base line perturbations with
a UV photometer. The sign of perturbations depended
on the sign of the elution rate changes: The pertur-
bations were positive if elution rate decreased while
the negative detector response was observed if elu-
tion rate increased. The height of base line perturba-
tions depended on the pore size of silica gel as well
as on the relative molecular mass of PS (M), The width
of base line perturbations, i. e. the amount of eluent
necessary to reattain the initial base line, was for
a given column independent of M and corresponded
approximately to the volume of eluent within column.

Basedow et al.(15) found a similar effect as
a consequence of stepwise flow rate changes of aque-
ous solutions of sucrose or dextran (ﬁ@: 38 000 g/mol)
pumped through a column packed either by nonporous
glass or by porous glass sorbent CPG., The width of
base line perturbations called "storage effect” was
roughly equal to the volume of the liquid in column,

In our opinion, the results by both Aubert and
Tirrell (13,14) and Basedow et al.(15) can also be

explained by the effect of pressure on the extent of
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preferential sorption in particular system. The data
by Aubert and Tirrell indicate that an increase of
pressure due to increased flow rate leads to

a decrease of the amount of PS adsorbed from THF on
silica gel while in the case of the system studied by
Basedow et al, the amount of sucrose or dextran adsor-
bed on the surface of porous glass from water
increased with rising pressure. In the system studied
by Aubert and Tirrell (13,14), however, the observed
effects may be influenced by possible presence of wa-
ter in eluent (2,3), In the above experiments, the
pressure changes may act either directly via their
influence on distribution coefficients of solutes or

indirectly via induced temperature variations (10),

Elution Volume Changes

It is now generally accepted that in the real
GPC systems, the elution volumes of polymers can be
affected by various secondary separation mechanism
(1). To the most important secondary separation mecha-
nism belong adsorption, partition and incompability
controlled by the interactions between solute, eluent
and gel, When working with active column packings
such as silica gel and with mixed eluents, the reten-
tion of solute molecules is fairly influenced by the

composition of the quasistationary surface layer of
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eluent molecules on the inner surface of column
packing even if the steric mechanism prevails (4).

Belenkii et al, (16) showed that even small
changes in mixed eluent composition may lead to the
total change of separation mechanism from size exclu-
sion to adsorption mode., 1In other words, the extent
of preferential sorption of the column packing may
govern the retention mechanism.

Recently, Nefedov and Zhmakina (17) found that
the change of pressure in the system: porous glass -
mixed eluent (CCl, plus 4.5 vol. % CHCl;) strongly
influenced elution volumes of polystyrenes. The
adsorption mechanism of separation prevailed at atmo-
spheric pressure and the elution volumes of polystyre=-
nes increased with their increasing relative molecular
mass. On the other hand, separation according to the
relative molecular mass was observed in the same co-
lumn system at pressure 12.5 bar and, finally, typical
size exclusion mechanism dominated at 200 bar,

Nefedov and Zhmakina (17) reported that the resulting
separation mechanism in the above system was extremely
sensitive to the composition of the mixed eluent CCl,
plus CHC13: When increasing the amount of CHCl3 from
4.6 to 6 vol, %, the separation mechanism changed from
adsorption to size exclusion., Unfortunately, this mi-

xed eluent is difficult to study precisely because
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of poor stability of e¢hloroform and, consequently,

of relative high content of impurities. Moreover, CHCl3

is strongly adsorbed at the silica gel surface so that

reasonable data can be obtained only when the amount

of CHCl3 in eluent is increased and not vice versa (18).
Evidently, chloroform is preferentially sorbed

on the silica gel surface from mixed eluent CHCl,

plus CC14. Chloroform molecules are able to block

active sites on silica gel surface and thus prevent

adsorption and extensive retention of polystyrene mo-

lecules. This shielding effect is not sufficient at

low concetration of CHCl; in eluent. It seems that the

extent of preferential sorption of chloroform increa-

ses with increasing pressure (Fig, 6)., That is why the

exclusion mechanism starts to prevail at certain

elevated pressure,

Swenson et al, (19) found the pronounced varia-
tions of elution volumes of polystyrenes with elution
flow rate in the system silica gel / 2-propanol plus
1,2~dichloroethane, They controlled the flow rate by
partly closing the column outlet at constant inlet
pressure so that at higher flow rate they had a little
lower mean pressure within column, According to our
results (Fig, 8), the preferential sorption of 2-pro=-
panol on the silica gel surface increases with

increasing pressure, consequently, the decreased flow
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dichloroethane A

t — .
2-propanol
FIGURE 8 Example of the eigenzones.

Column: Silica gel CH-70, 70-200 um, 25x0.6 cm I.D,
Eluent: 2-propanol/l1,2-dichloroethane, 40/60, v/v,.
Pressure change: 8.2 MPa,

Elution rate: 1,2 aml/min,

Dgtector sensitivity: 8x,

Symbols as in Fig, 2,

rate would correspond to decreased surface concentrae-
tion of 2-propanol. The presence of 2-propanol, howe-
ver , was reported by Swenson et al., (19) to block
the active sites of silica gel and thus to decrease
the corresponding elution volumes of polystyrene
samples. The flow rate dependence of elution volumes
in the system studied by Swenson et al. (19) could
also be explained by the effect of pressure on the

extent of preferential sorption,

CONCLUSION

Pressure dependence of preferential sorption

of mixed eluent components on the surface of GPC co-
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lumn packings may be responsible for the unexpected
base line perturbations when the elution rate is
changed or outlet of a GPC column is partly blocked.
Variations of GPC elution volumes due to varying
adsorption of solute within column packing may
simultaneously be produced.

The pressure dependence of preferential solva-
tion of solute molecules has not been reported so far
but this phenomenon may be expected. The dimensions
of macromolecules in mixed solvents would consequently
depend on pressure and their GPC elution volumes
would be affected. Simultaneously, the size of vacan-
cy peaks caused by displacement and preferential sol-
vation of sample molecules should also vary with
pressure within GPC columns. If the column packing
does not separate selectively enough in the domain of
low molecular substances, the vacancy peaks interfere
with the sample peaks (1,20), The extent of this
interference may be a function of pressure. Finally,
the values of the coefficient of preferential solva-
tion of macromolecules evaluated from GPC vacancy
peaks (5) may vary with pressure in the column,

The above mentioned effects of pressure varia-
tions will certainly be very small and can be neglec-
ted in the majority of practical systems. On the other

hand, they should be considered when explaining
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unexpected and erroneous GPC results if increased

pressure sensitivity of the given system is observed.

In these cases it is not sufficient to keep flow rate

- but not pressure - constant or to correct the GPC

elution volumes for flow variations,

10,

11,
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