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Chapter 3

Scope of the Thesis
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The driving force of capillary electrophoresis has always been the high

efficiencies that can be obtained. Research on capillary electrophoresis

was mainly focussed on increasing the plate-numbers to a level that was

theoretically predicted. Once these high plate-numbers were achieved,

another very important issue, the selectivity of the separation system,

became the main subject. As a matter of fact, the combination of a high

efficiency and a high selectivity is very attractive. In Chapter 2, a detailed

review on selectivity in capillary electrophoretic separations is given and it

could be deduced that it is not always possible to achieve adequate

separation in straight CZE systems. For that reason, in the past two decades,

several modified CE systems have been introduced for the separation of

neutral and charged (chiral) analytes. The use of micelles has proven to be

very adequate for the separation of neutral analytes, but is not suitable for

chiral separations. Also the use of stationary phases (CEC) or stationary films

(OTCEC) inside the capillary have been extensively described. A major

drawback of these systems that are partially based on chromatographic

interactions is the increase in peak broadening due to a slow mass transfer.

One way to overcome this problem for packed capillaries is the use of

small, porous, particles. For OTCEC the use of capillaries with a very small

diameter can solve the problem of peak broadening.

Even these modified techniques cannot always provide an acceptable

selectivity, especially when closely resembling analytes are involved.

Therefore, in this thesis, we investigate the potential of more dedicated

methods to optimize the selectivity in electrokinetic separations of closely

related compounds, in particular the use of additives that can provide

advanced molecular recognition.

The second part of the thesis (Chapters 4-6) describes the use of neutral

cyclodextrins with or without the addition of a polyethylene glycol solution

for the separation of several (chiral) analytes. It is anticipated that chiral

selectors like cyclodextrins, either dissolved in the run buffer or incorporated

in a liquid gel, can have a positive effect on the selectivity due to their

specific interaction with chiral or non-chiral compounds, as compared to

selectors based on chromatographic principles (e.g. organic solvents or

micelles). This differentiation is accomplished by the fact that only a small

part of the compounds present will have an interaction with the complex-
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forming agent leading to differences in selectivity between the analytes.

Furthermore, the use of a replaceable liquid gel decreases the total

amount of chiral selector necessary for one separation and provides its own

selectivity, probably by hydrogen-bonding interactions.

The third part of the thesis (Chapters 7 and 8) deals with the addition of

charged CDs for the separation of neutral and/or oppositely charged

analytes. Chapter 7 reviews the use of these charged CDs in

pharmaceutical analysis. The use of charged CDs might even have a larger

resolving power than neutral CDs, due to the large difference in the

electrophoretic mobilities between free analytes and complexed analytes.

The theoretical predictions mentioned in Chapter 7 are experimentally

verified in Chapter 8 by the chiral separation of ofloxacin in urine using

negatively charged CDs.  In Chapter 8 also the effect on resolution of

neutral CD-derivatives, added to the anionic CD, was examined.

The fourth part of the thesis (Chapters 9 and 10) describes the use of

molecularly imprinted polymers as novel (chiral) selectors in CE. Chapter 9

gives an overview on the applicability of molecularly imprinted polymers

(MIPs) in bioanalysis and pharmaceutical analysis and Chapter 10 describes

the addition of spherical particles as (chiral) selectors to the run buffer. This

approach excludes the necessity of using frits to immobilize the stationary

phase. A drawback in using MIPs in CE is the strong interaction of the

analyte with the polymer implying a negative effect on the mass transfer. By

reducing the size of the MIPs, the contribution of the mass transfer between

the phases to the peak broadening becomes less significant, implying a

higher efficiency. The microspheres are obtained via precipitation

polymerization and have an average diameter less than 1 µm. Size

distribution and (surface) morphology is monitored by scanning electron

microscope techniques.

In Chapter 11 some general conclusions and future perspectives are given.

Finally, in the appendix of this thesis the influence of the sample volume and

the position of the electrode and the capillary-end in the sample vial on the

electrokinetic injection is discussed. Two capillary electrophoresis systems
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that differ in their electrode capillary configuration were studied. It was

shown that the mentioned parameters may affect the injected amount of

the electrokinetically injected analytes and hence the sensitivity. It was

concluded that using an injection system with a more or less fixed position

of the electrode and the capillary may reduce the effect of sensitivity loss

and furthermore, that a constant volume in the sample vial should be

maintained to warrant reproducible electrokinetic injections.




