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   Abstract−−−− A model for capillary zone
electrophoresis (CZE) is presented to carry out the
method development of practical separations
involving small charged molecules. The model is
based on principles and dynamic equations that
contain true physicochemical properties of
electrolyte solutions and analytes. The basic
variables considered in the model are: injection and
detection lengths of analytes, electrical field strength,
hydration radius and diffusion coefficient of
analytes, pK of analyte terminal groups, pH and
ionic strength of electrolyte solution, capillary
diameter and length, capillary zeta potential, test
temperature and relative mass fractions of analytes.
The model is solved numerically to predict the
separation of analytes through the resulting
electropherogram, which is then compared with
experimental data.
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I. INTRODUCTION
Although different techniques of capillary
electrophoresis (CE) for analytic purposes have been
known from many years ago, their uses have increased
and developed substantially during mainly the last
decade. At the present time, one can find modern and
full automatic apparatuses available commercially
allowing separations of analytes in a few minutes. We
are concerned in this work with the most commonly
used mode of CE designated free-solution capillary
electrophoresis and also referred to as capillary zone
electrophoresis (CZE).

The basic apparatus of CE (Figure 1) analyzed here
is composed of two reservoirs (vials) filled with the
background electrolyte (BGE) that are connected
through a capillary tube made of fused silica (quartz)
the diameter of which is typically in the range of 10 to
100 µm. The sample, which is a mixture of analytes to
be separated, is introduced at the inlet of the capillary in
a small amount (around 1 to 40 nL) by applying a
pressure difference (typically 0.5 psig) during a few
seconds (1 to 8 s) after replacing the sample vial for the

BGE vial. Although there are other methods for the
purposes of introducing the sample, hydrodynamic
injection is the most frequently used.

Fig. 1. Basic components of a CE apparatus.

Since the separation principle in CZE is based on the
analyte electrophoretic mobilities associated mainly to
the effective charge and size of each analyte, electrodes
are inserted in the BGE vials to apply a high voltage
difference in the range of 5 to 30 kV. Typically the
positive electrode or anode is located at the inlet vial
and the negative electrode or cathode is at the outlet
vial. At a distance from the capillary inlet (detection
length) an UV detector is placed to register absorbance
(proportional to analyte concentrations in the range of
linear response) as function of time. Concentrations of
the order of 10-5 to 10-8 M can be detected. Analytes can
move along the tube due to both the electroosmotic flow
(EOF) and the electrophoretic migration (EM). One
should observe that the EOF is the bulk movement of
the fluid through the capillary as a consequence of the
interaction between the electrical double layer generated
by the BGE on the tube wall and the applied electrical
field, while the EM is the result of the electrical force on
an analyte, considered as a suspended spherical particle.
It is then clear that in the context of the experimental
framework of CZE, one must choose carefully several
operational variables, minimize undesired phenomena
like Joule heating and dispersion effects and in general
obtain the best experimental conditions for optimal
separation (high efficiency and resolution).

In this context of analysis, the interpretation of the
electropherogram through electrokinetic theories
available in the literature is a practical requirement. In
this sense, Reijenga and Kenndler (1994) described the


