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Fifty years ago, A. J. P. Martin and R. M. Synge received the
Nobel Prize in Chemistry for their development of liquid–liquid
partition chromatography. In the intervening years, liquid

chromatography developed into its most evolved manifestation—
HPLC. Originally known as high-pressure liquid chromatogra-
phy, the technique quickly changed its moniker (from pressure
to performance) to better reflect not only its flexibility, but also
its tremendous enhancement of analytical chemistry. In fact, one
recent reviewer of new chromatography instruments and equip-
ment went so far as to write, “High-performance liquid chro-
matography and LC are considered synonymous” (1). Today, it is
evident that the bulk of routinely performed and effective LC
falls under the HPLC rubric, notwithstanding those remaining
researchers using hand-packed preparative columns in laborato-
ries without the latest automatic injectors and tailored metal
microcolumns.

HPLC and Thee
Today’s LC instrumentation is being transformed—smaller, faster,
automated, tandem, and with a plethora of new detection tech-
niques to expand the range of applications. HPLC is rapidly becom-

ing something for everyone; and with the advent of microflu-
idics, it has the potential to become an integrated part of the
most sophisticated micro total analysis systems (µTAS) (2). Capil-
lary electrochromatography, the fusion of HPLC with electrophoresis,
has provided one of the most substantial enhancements of instru-
mental capabilities of biotechnology. The ability to adapt the
output of HPLC to almost any other analytical instrument—AA,
MS, IR, and NMR, to name a few—is making the technology
adaptable to a host of laboratory needs hitherto unthinkable
(1). The imagination of the researchers seems now to be almost
the only barrier to using some form of HPLC—normal or reversed-
phase, fast or ultrafast—for a growing majority of analytical tasks
(see box, “Some Ins and Outs of HPLC”). HPLC has even replaced
GC in several of its traditional roles, from environmental analy-
sis to organic polymer detection and identification.

The demand and new applications for HPLC are growing at such
a pace that no concise review can give more than a flavor for the
disparate applications and technical enhancements currently avail-
able, much less projected from the most recent trends. Some of
the many developments in the field of environmental, inorganic,
and biological analysis follow; several of them were presented at
recent conferences, including Pittcon 2002, HPLC 2002, and the
American Society for Mass Spectrometry (ASMS) annual meeting.
(Specific presentations are referenced by paper number below.
For example, 3:1977P indicates reference 3, poster number 1977.)

Water and Waste
HPLC has rapidly expanded into the area of environmental
monitoring, traditionally the province of GC. Although by no
means replacing GC, it provides a variety of benefits, especially
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in analyzing less volatile compounds and liquid samples. 
For example, the discovery of excreted medical antibiotics in

the environment gave rise to an odd yet growing debate on pollu-
tant sources. Currently, the implications for human and animal
health are unknown. At Pittcon 2002, Michelle Merideth and
colleagues at the University of Michigan (Ann Arbor) reported
their use of HPLC coupled to an evaporative light scattering detec-
tor (ELSD) to monitor the concentration of erythromycin in aque-
ous samples and collect the material for further analysis of poten-
tial breakdown products using IR spectroscopy (3:1977P). In ELSD,
the effluent from an HPLC is evaporated and the aerosol mist,
containing the analytes, is directed through a light beam. A signal
proportional to the mass present is generated. 

At the same meeting, researchers from the Restek Corp. present-
ed their work on monitoring pollutants of a more typical sort
(3:1975P). They used different stationary phases to analyze polynu-
clear aromatic hydrocarbons (PAHs) and explosives, and they
demonstrated the usefulness of a variety of new complex chemistries
used in column production. These new columns go beyond the
traditional reliance on simple primary ligands such as octadecyl,
ocytl, cyano, or phenyl for their operative characteristics.
Adding secondary polar functionalities proved especially useful
for some applications, as did the use of multiple columns of differ-
ent stationary phases.

NASA is looking toward the distant future, using HPLC-elec-
trospray ionization (ESI)-MS for the analysis of surfactant pollu-
tants in graywater (nontoilet wastewater) used for hydroponic
gardening. The technique successfully analyzed surfactant biodegra-
dation in the plant growth system. The ultimate goal of the
combined bioremediation/monitoring system is to deal with waste-
water produced on spacecraft and space colonies (4).

At Pittcon 2002, researchers from P. S. Analytical, Ltd. (U.K.)
showed that the detector makes the difference for inorganic pollu-
tants. Coupling atomic fluorescence spectrometry to HPLC can
elucidate the common metallic pollutants arsenic, selenium, and
antimony. Either strong anion-exchange HPLC or ion-pairing HPLC
proved effective. Similarly, nonmetallic pollutants could be moni-
tored using HPLC, as demonstrated by Agilent Technologies.
They used ICP-MS in a fully automated system to determine the
concentration of bromate in drinking water, according to the
newly proposed EPA method 321.8 (3:421). 

Bodies and Bloodstreams
From liquid chromatography’s first development by Mikhail Tswett
early in the 20th century as a method to analyze plant
pigments, LC and biology have marched hand in hand. But perhaps
LC has had its most profound influence as an analytical tool in
the world of biotechnology and biomedicine.

Genomics. HPLC has become an indispensable research tool for
DNA analysis. Recent work has moved to a variety of techniques
to improve analysis. Temperature-modulated HPLC, for example,
has been adapted to detect mutation-containing chromosomes
based on differential retention of homo- and heteroduplexes of
probed DNA on columns. And higher temperatures (between 40
and 50 °C) were recently shown to be optimal for separating
DNA fragments using HPLC (1). 

Proteomics. In what many refer to as the postgenomic world,
the examination of proteins has become the hottest area of bioan-
alytical research. Although 2-D electrophoresis has been the sepa-
ration method of choice, HPLC is currently giving that technolo-

gy a run for its money. For example, researchers at Micromass UK,
Ltd. (Manchester) reported at Pittcon on their use of nanobore-
HPLC (which allows for eluent flow rates from 100 s of nL/min to
10 s of nL/min) to separate complex peptide mixtures produced
by tryptic digests of proteins for subsequent MALDI-MS (3:157).
And at HPLC 2002, Agilent presented its use of a NanoHPLC system
in combination with ion trap MS to analyze tryptic digests (3:2109P).

Complete proteins are also proving amenable to the combi-
nation of HPLC and MS analysis. Researchers from the Universi-
ty of Illinois at Urbana–Champaign demonstrated that they could
use reversed-phase LC as an intermediary between SDS-PAGE
and MALDI-TOF or ESI-FTMS to allow the separation and identi-
fication of intact proteins from yeast (5). Because a single HPLC
column does not provide sufficient resolution for proteome analy-
sis of complex samples, Knut Wagner of Johannes Gutenberg-
Universität (Mainz, Germany) and colleagues demonstrated an
automated method using multidimensional HPLC with gradient
elution for protein and peptide mapping to produce samples ready
for analysis using MALDI-TOF MS (6). 

Pharmaceuticals. As might be expected, HPLC is one of the
most important methods for preparative purification in the phar-
maceutical industry, given the nonvolatility and solubility
parameters of most medicinals. But it is also of critical impor-
tance in the research and development stage of drug production. 

One of the key characteristics necessary for drug production
is the purity of the final product. At Pittcon 2002, researchers
at ANSYS Technologies, Inc. (Lake Forest, CA) presented a vari-
ety of new highly purified silica alkyl columns that eliminated
the silanophilic activity and metal contamination that often
accompanied silica backbones used in reversed-phase HPLC during
drug purification (3:2324P). 

Modern pharmaceutical research is concentrating more and
more on the production of large combinatorial and natural prod-
uct libraries for testing as potential therapeutics. Such an excess
of compound riches requires highly automated technologies for
purification and analysis. Numerous academic and corporate labo-
ratories are working to develop automated systems for fast through-
put. As an example of this trend seen at Pittcon, researchers from
SEPIAtec Gmbh (Berlin, Germany) developed a multiparallel HPLC
approach coupled to on-line solid-phase extraction for high-
throughput analysis (3:769). 

28 TODAY’S CHEMIST AT WORK SEPTEMBER 2002 http://pubs.acs.org/tcaw

Some Ins and Outs of HPLC

� Normal phase refers to HPLC that uses a polar stationary
phase and a nonpolar solvent phase.

� Reversed-phase refers to the use of a nonpolar stationary
phase and a polar solvent. It is the most commonly used
form of HPLC for biomedical applications.

� Fast HPLC and ultrafast HPLC describe systems that use
higher flow rates and increased temperatures to maximize
overall chromatographic efficiency and optimize the systems
for rapid throughput.

� Monolithic HPLC columns consist of a single plug (instead
of the traditional beads) of an organic polymer or of sili-
ca of sufficient porosity to allow liquid throughput under
pressure.





The increasing demands for gathering extensive ADMET (adsorp-
tion, distribution, metabolism, elimination, and toxicology) infor-
mation while developing and testing new pharmaceuticals is
putting increasing demands on instrumentation to perform rapid-
ly and on a multiplicity of samples. Also at Pittcon 2002, Roder-
ic Cole of Arqule, Inc. (Woburn, MA) discussed how the substan-
tial workload increases of up to 1000 samples in a single run was
creating a tremendous demand for MS analysis conditions capa-
ble of treating many different compounds for high-throughput
analysis. Parallel HPLC-MS was touted as an obvious and
currently applicable solution (3:719). 

This all continues to demonstrate how detectors are the ulti-
mate key to the functionality of HPLC for research purposes.
The coupling of HPLC with NMR, for example, is becoming more
important as sensitivity of detection improves and optimized
capillary NMR probes become commonplace. At Pittcon 2002, for
example, researchers from the Universität Tübingen, Germany,
proclaimed that capillary HPLC-NMR would ultimately become a
major application in conjunction with LC-MS in all fields of drug
research (3:58). 

Instrumental Trends
No technology that is growing as rapidly as HPLC can be
summed up easily. For example, a recent review of some of the
technological developments that took place between the end of
1999 and the end of 2001 was 19 pages long (1). But some of
the instrumental trends can be highlighted. These include 

Moving to miniature. The development of nanobore and nanoflow
systems and accessories for HPLC (generally coupled to MS) is a
significant trend in companies, including Thermo Finnigan,
UpChurch, and Waters. At the 2001 ASMS meeting, researchers
including those at Michrom BioResources (Auburn, CA) reported

pushing the envelope in proteomics, going beyond nanomole and
picomole to achieve analysis of trypsin digests at femtomole and
attomole concentrations.

Going multiparallel, tandem, and hyphenated. The develop-
ment of multiple LC systems in tandem and parallel is being
used to increase analytical capability as well as throughput. HPLC
has been combined with every analytical instrument under the
sun, including almost every form of MS, NMR, IR, and the old-
fashioned UV systems, these often in tandem as well to give
complete analytical systems. In addition, before the actual HPLC
run, a multiplicity of sample prep technologies from electrophoresis
to supercritical fluid extraction (SFE) are being used in-line to
maximize efficiency and separation.

Turning the heat up. One of the fastest growing adaptations
of HPLC technology, the use of higher temperatures, is the core
feature of fast and ultrafast LC. Differential temperature program-
ming of column runs can be used to dramatically increase speed
and control retention, and it can substitute for the use of
solvent gradients (1). Using higher temperatures allows for the
use of shorter, narrower columns in a manner that dramatically
improves performance over wide-bore methods. The use of high-
er temperatures also allows the union of HPLC with SFE. E. D.
Ramsey and colleagues reported using octadecyl silane-amino-
propyl columns connected to the outlet of an SFE vessel to analyze
a variety of polar analytes (1).

Supporting new columns. Several of the most interesting devel-
opments in newer columns involve the development of new station-
ary phases for more selective analysis. Among the advances are
the development of tunable stationary phases, molecularly imprint-
ed polymer phases, new forms of monolithic silica columns
(such as the Merck Chromolith), and the ever-evolving use of new
base materials. For example, Peter Carr and co-workers from the
University of Minnesota (St. Paul) presented their use of ther-
mally stable zirconia-based phases to implement ultrafast high-
temperature HPLC for resolving various pharmaceutical mixtures
(3:761). Researchers from the University of California (Berkeley)
demonstrated how short monolithic HPLC columns (manufactured
by ISCO, Lincoln, NE) could be used to determine the molecular
parameters of synthetic polymers such as polystyrenes under high-
speed conditions (3:1309).

Perhaps those who grew up with GC as the only form of chro-
matography worth a “real” chemist’s consideration—if only because
one could attach an MS to the end of it—find it surprising, but
the future of chemical analysis may well turn out to be HPLC.
Organic or inorganic, normal-phase or reversed, the mantra may
be “have HPLC, will travel”—especially in the fast lane on the
road to partition. 
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Commercial Suppliers of HPLC-Related Systems
and Equipment

Agilent Technologies: www.agilent.com/chem

Alltech Associates, Inc.: www.alltechweb.com

Arqule, Inc.: www.arqule.com

Beckman Coulter: www.beckmancoulter.com

Dionex Corp.: www.dionex.com

Hamilton Co.: www.hamiltoncompany.com

ISCO, Inc.: www.isco.com

Michrom BioResources: www.michrom.com

Micromass UK, Ltd.: www.micromass.co.uk

P. S. Analytical, Ltd.: www.psanalytical.com

Restek Corp.: www.restekcorp.com

SEPIAtec Gmbh: www.sepiatec.com

Shimadzu Scientific Instruments: www.shimadzu.com

Thermo Finnigan Corp.: www.thermofinnigan.com

UpChurch Scientific: www.upchurch.com

Waters Corp.: www.waters.com
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