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experimental conditions decrease at least by 3.0%
and at most by 3.9%. This is not dramatic, but,
added to other sources of inaccuracy in the pre­
diction it is sufficiently large to make predictions
in experimental design less reliable than one
would hope.

As the evolution of retention in function of
time is different for all compounds, the method
of calculating relative retentions, i.e., referring
retentions of each compound to the retention of
a carefully selected other one, offers no solution
to bad predictions by column ageing.

In order to model retention and take into
account column deterioration, an exponential col­
umn-decay factor has been proposed [4]. Such an
exponential model might be appropriate for in­
stance for indomethacin at constant pH on a eN
column (Fig. 1) but not for papaverine on the
Lichrosorb RP-18 column (Fig. 8).

The remarkable changes in column perfor­
mance do not only appear during the first days
the column is in use but continue over the whole
investigated period. Obviously, applying conven­
tional silica columns after an "ageing period"
does not guarantee results to become repro­
ducible.

When one takes the trouble to perform a
design, then everything possible should be done
to guarantee results to remain reproducible. Sta­
tionary phase problems as the ones described in
this study should be avoided by selecting a robust
phase such as polymer-coated silica columns
which were shown to have a longer column life­
time. If for certain reasons one prefers to use
traditional silica phases then column perfor­
mance should be monitored in function of time
by means of a simple test, a variety of which was
published [17-22]. These tests can be of help to
trace a degradation of the stationary phase lead­
ing to unreliable results and to decide whether or
not a column should be discarded. Very recently
alumina based columns, became available [23].
They might be a solution that is as good as
polymer-coated silica phases. Another precaution
might be the use of a precolumn. This is a guard
column, also called a saturation column, which is
placed upstream from the injector to pretreat the
mobile phase so that it is less damaging to the

column. Furthermore it has been shown that
buffers or mobile phase additives in concentra­
tions less than ca. 10 mM may lead to results that
are more susceptible to reproducibility problems
than if the additive concentrations are ~ 20 mM.
On the other hand, concentrations > 50 mM are
seldom advantageous in reversed-phase liquid
chromatography as, especially with high organic
solvent concentrations, they greatly increase the
chance of buffer precipitation.

Conclusion
The observed fast deterioration of conven­

tional silica columns when using a constant pH or
sequentially applying mobile phases with a differ­
ent pH can be a cause of bad predictions in
experimental design, because it leads to irrepro­
ducible data. In fact, this was shown experimen­
tally to be the case for the polymer phase. This
phase is less sensitive to changes in pH than the
silica phases but is considerably more sensitive to
changes in the organic modifier content of the
mobile phase. Sequentially varying the concentra­
tion of organic modifier may induce changes in
the structure of the polymer resin which can be a
cause of the bad prediction.

The polymer coated phase was found to have a
superior stability; measurements were still repro­
ducible after 21 days and nights of continuous
use. As the performance in terms of separation
quality of this type of phase was similar to the
performance obtained on conventional silica
phases, polymer coated phases have to be pre­
ferred. The stability of this type of columns when
varying pH should be investigated.
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Verbiest for assistance during the experimental
work.
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