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DESCRIPTION

Ton-Exchange Chromatography (IEX) is widely used in
fields such as biochemistry, environmental science, and
pharmaceutical production due to its ability to separate
charged molecules based on their interaction with the
stationary phase. One of the most essential yet challenging
aspects of ion-exchange chromatography is managing pH
changes, or excursions, that occur during the elution process.
These pH shifts impact the ionization states of analytes and
affect separation efficiency, resolution, and peak shape. This
article probes into the factors causing pH excursions, their
effects on ion-exchange chromatography, and strategies for
managing pH to ensure accurate results.

Ion-exchange chromatography relies on the interaction
between charged analytes and an oppositely charged stationary
phase. The two main types of ion-exchange chromatography
are cation exchange, where the stationary phase is negatively
charged and retains positively charged species, and anion
exchange, where the stationary phase is positively charged and
binds to negatively charged species. To achieve separation, a
mobile phase (eluent) with a salt gradient or pH gradient is
introduced, displacing the analytes based on their affinity for
the stationary phase.

During elution in ion-exchange chromatography, pH
excursions can occur when an analyte with a specific charge
profile interacts with the stationary phase. These pH changes,
which may deviate from the initial mobile phase pH, often arise
due to proton exchange between the analyte and the stationary
phase. As the analyte binds or releases protons, it alters the pH
locally, affecting not only itself but also neighboring analytes.
pH excursions may lead to unexpected elution profiles, variable
peak shapes, and reduced reproducibility.

The stationary phase, which comprises functional groups with
fixed charges, interacts differently with various analytes. For
instance, weak ion exchangers are more prone to pH-induced
changes because their charges can vary with pH, unlike
strong ion exchangers that maintain a constant charge across
a broader pH range. Buffer capacity determines the ability of
the mobile phase to resist changes in pH. Low-capacity buffers
cannot adequately neutralize changes, making them vulnerable
to pH excursions. Selecting a buffer with a suitable capacity
can mitigate these shifts by stabilizing pH levels during elution.
The nature of the elution gradient whether its salt-based or
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pH-based also affects pH excursions. In salt-gradient elution,
the gradual increase in ionic strength displaces analytes based
on charge, potentially altering pH if weakly dissociating
ions are involved. In pH-gradient elution, pH changes are
intentional but require careful control to avoid unintended
shifts. Amphoteric compounds, which can act as acids or
bases, pose additional challenges. As these compounds elute,
they may pick up or release protons, significantly impacting
pH levels, especially if they have multiple ionizable groups
with pKa values close to the mobile phase pH. Temperature
fluctuations influence ionization and buffer capacity, indirectly
affecting pH during elution. Higher temperatures generally
increase the dissociation of weak acids and bases, leading to
more pronounced pH excursions.

pH excursions can have several effects on ion-exchange
chromatography, often compromising the quality and reliability
of results. Analytes can experience variations in retention
times due to changes in ionization states. An analyte’s charge
influences its interaction strength with the stationary phase,
and pH excursions alter this charge, leading to inconsistent
elution times. Fluctuations in pH can decrease resolution by
affecting peak shape and overlap. When multiple analytes with
similar pKa values elute, pH excursions can lead to overlapping
peaks, reducing separation efficiency and making it difficult to
quantify individual compounds accurately. pH excursions can
cause peaks to broaden or become asymmetrical, particularly
when analytes partially ionize within the elution pH range.
Peak broadening or tailing affects integration accuracy and
reduces the sensitivity of the analysis. Unpredictable pH
changes lead to inconsistent results between runs, making
it challenging to obtain reproducible data. This variability is
problematic for applications requiring high precision, such as
in pharmaceutical analysis, where quality control standards
are stringent. Beyond retention time variability and peak
shape issues, pH excursions can also impact the longevity
and stability of the stationary phase. Extreme or prolonged
pH deviations can degrade or alter the stationary phase's
chemistry, diminishing its selectivity and efficiency. For
instance, in silica-based columns, exposure to high or low pH
levels can lead to hydrolysis or dissolution of the stationary
material, resulting in a loss of binding capacity and increased
column backpressure. This degradation not only compromises
the separation quality but also escalates maintenance costs due
to frequent column replacements.
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