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Abstract

Abstract

Capillary electrochromatography (CEC) is a hybrid of capillary electrophoresis (CE)
and high-performance liquid chromatography (HPLC). lonic analytes can be
separated in CEC, combining two separation mechanisms: chromatography and
electrophoresis. In CEC, the plug-like flow profile in EOF reduces dispersion of the
band of solute as it passes through the columns compared to parabolic pressure-driven
flow in HPLC. The electrically driven flow rate is independent of particle diameter
and column length so that, in principle, smaller particles and longer columns can be
used, further increasing column efficiency. Although EOF has lots of advantages, it is
not as stable as pressure-driven flow and fabricating robust electrochromatographic
columns are very important.

Packed column is a kind of widely used electrochromatographic columns. The past
ten years or so have seen a great number of CEC works performed on monolithic
columns, due to simplicity in column fabrication, good permeability and stable
structure. The rich library of HPLC packing material provides a wide range of choices
for chromatographic separations performed in electrodriven mode. And packed
columns can obtain higher efficiency. If the problem of column fritting could be
solved, we believe that packed columns will get broad development space.

The sinter-fritting method in column fabrication highlights several problems, such
as introduced nonuniformity to the chromatographic bed, poor porosity and
reproducibility, increased band broadening, bubbles formation and adsorption of polar
analytes onto the frits. So developing a simple and robust fritting technology is
extremely urgent. This is due to the unique property of single particle fritting
technology, where no heating is required during the whole preparation process. In fact,
the fritting is based on keystone effect. The characteristics of single particle fritting
are the heat-free fritting process, good porosity and reproducibility and short frit

length.
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Abstract

This dissertation including following contents:

In Chapter one, the research status of CEC and packed columns were reviewed,
especially focusing on the fabrication of packed columns, and then the research
proposal was made.

In Chapter two, we investigated a single particle fritting technology, to immobilize
particulate chromatographic material inside capillary tube in a sinter-free manner to
produce robust capillary columns. To evaluate the performance of single particle
fritted columns, a batch of ten columns was prepared. Single particle fritted columns
present significantly improved column-to-column reproducibility (n = 10) in peak
efficiency, retention factor, peak area and asymmetry. The excellent median peak
efficiency reached 150000 plates m™. In the experiment, each single particle fritted
column was subjected to repeated runs for a long term without thermostatting and
pressurisation. During this course, no bubbles generation or current failure was
observed. Single particle-fritted capillary columns have high stable and efficient CEC
separations. The single particle friiting technology was a kind of excellent fritting
technologies.

In Chapter three, first, we directly used CEC mobile phase as the packing solvent
and prepared capillary columns based on single particle fritting technology. In this
new strategy, column packing and conditioning is conducted in one run. The time of
column preparation reduced sharply. We evaluated the performance of the single
particle fritted columns packed with a CEC mobile phase by comparison with the
columns packed with organic solvent. The experiment indicated that packing columns
with CEC mobile phase did not influence the columns’ efficiency, while the
preparation throughput is significantly improved. The rapid prepared columns were
demonstrated to be efficient for CEC separations of neutral, charged and biomolecules
with excellent peak efficiencies. Then, we fabricated simplex capillary columns
successfully based on single particle fritting technology. If simplex columns were
fabricated by sinter-fritting method, the columns need heat five times at least. The
success rate of fabricating columns was quiet low. We fabricated and evaluated them

preliminary.
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In Chapter four, we fabricated polymer particles columns successfully based on
single particle fritting technology. If these columns were fabricated by sinter-fritting
method, polymer particles were damaged by hot heating. These packing materials
were not only polymer particles but also perfusive ones with strong cation exchange
(SCX). These SCX groups exhibited a high and stable EOF at a low pH. Perfusive
particles with increased pore diameters were employed such that the double layer was
not overlap and produced intraparticle EOF. In such a case, solutes experience two
distinct regions: interparticle and intraparticle regions. With these stationary phases, a
large portion of the total flow appears to be through the pores of particles, thereby
increasing the separation efficiency through a further decrease of the flow
inhomogeneity and through enhancement of the mass transfer Kinetics. We used
capillary columns with these stationary phases to separate peptide standard mixture
and BSA enzymatic hydrolysate in CEC, and obtained excellent separating effects.

Chapter five summarized achievements of this dissertation as well as remaining

flaws, and also outlines the future proposed research work on packed columns.

Keywords: electrochromatography, column technology, packed column, frit
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