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AA lthough high-effi  ciency capillary columns have been 
used routinely in gas chromatography for many years, 
only recently have they become available for condensed 

mobile phases.  Our re search group is interested in the develop-
ment of novel packed and open tubular capillary columns for 
liquid and supercritical fl uid chromatography as well as elec-
trophoresis.  Th ese capillary col umns are capable of achieving 
very high separ ation effi  ciencies (105–106 theoretical plates) 
and concurrently reducing the consumption of both sample 
and solvent.  Our initial studies of new column technology in-
volve the characterization of hydrodynamic performance and 
comparison with theoretical models.  In later investigations, the 
chemical performance of the column is estab lished through 
detailed analysis of solute-solvent and solute-sorbent interac-
tions.  Th e goal of these fundamental studies is to improve our 
physical and chemical understanding of separation proc esses 
in order to develop columns that more nearly approach the 
theoretical limits of performance.

Because of the small dimensions and low fl ow rates char-
acteristic of capillary columns, very sensitive, low-volume 
detectors are required.  Conventional detection techniques 
such as refractive index, UV absorbance, fl uorescence, and 
electrochemical measurements cannot adequately detect 
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trace analytes that are present at the nano- to femtogram level 
in complex samples.  Consequently, we are interested in the 
development of other detection techniques that better fulfi ll 
the rigorous requirements of capillary columns.  Currently, we 
are pursuing the devel opment of laser-based detectors for both 
fl uorescence and photoionization measurements because of 
their high sensitivity and selectivity.

Our fi nal research goal involves the applic ation of the 
improved separation and detection techniques developed in 
our laboratory to prob lems of environmental, forensic, and 
bio chem ical signifi cance.  Laser-induced fl uorescence detec-
tion has been applied to the analysis of naturally fl uorescent 
molecules such as polynuclear aro matic hydrocarbons pres-
ent in coal and fuel oil samples.  In addition, many molecules 
that are not inherently fl uorescent may be chemically modifi ed 
to incorporate a fl uorescent label.  Such labels have been suc-
cessfully employed for the detection of amino acids, bile acids, 
fatty acids, prostaglandins, and steroids.  Th e high separation 
effi  ciency of capillary chromatography and electrophoresis, 
when coupled with highly sensitive and selective laser-based 
detection techniques, provides a powerful analytical system for 
complex clinical and environmental samples.
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