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For those who pay close attention to history and the fine
print of brochures and leaflets, it will be no surprise to
find out that spectroscopy has been a hallmark of Pittcon

from its inception. After all, the full name for the Pittsburgh
Conference includes “Applied Spectroscopy”, and the meeting is
the chief venue for the Spectroscopy Society of Pittsburgh. With
such an organization and history as a draw, vendors, buyers,
speakers, and award-givers (and award-receivers) flock to
Pittcon every year to sample the latest and greatest in spec-
troscopy. And 2003 was no different in that respect.

Waters and Raman
The 2003 Waters Symposium was dedicated, surprisingly to some,
to examining the history and development of Raman spec-
troscopy. Why Raman, and why now? After all, Raman spec-
troscopy has been, in the eyes of most researchers, an instru-
mental hothouse flower—elegant and beautiful but requiring

a specialist’s touch and not practical for the day-to-day
analytical garden that lends itself more toward IR cabbages
and UV tomatoes than Raman orchids. 

Well, over the years, as this Waters Symposium was designed
in part to show, the growth in Raman technology has made it
less of an art and more of a routine laboratory technique. And if
the technology is not yet ready to transplant fully to a windswept
garden, it is at least ready to move to a window box outdoors.

The Raman effect is typically explained by first considering
the reason why the sky is blue. When electromagnetic radiation
(visible light in the case of the blue sky) strikes a molecule, only
a limited number of things can happen. The radiation (depend-
ing on its exact wavelength) can be absorbed fully, in which case
it changes the energy level of the atom or molecule to a differ-
ent quantum state. Failing that, it can be either transmitted or
reflected (scattered). Reflection can be the result of an elastic
collision (in which the wavelength is unchanged) or an inelastic
collision (in which the wavelength is shifted). 

In the blue-sky example, most of the visible colors are absorbed
by the atmosphere, and blue light is reflected back overwhelm-
ingly from elastic collisions. This form of unchanged reflectance
is known as Rayleigh radiation after the Lord Rayleigh who, in
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Electromagnetic-spectra-monitoring
devices dotted both the showcase
floor and the technical sessions.

“All Roads Lead to Raman” 
and Other Tales of Spectroscopy
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L iquid chromatography, which emerged as an analytical method
in the 1940s, has been around longer than many of the
scientists currently practicing it (1). High-pressure liquid

chromatography (HPLC) appeared in the 1960s as small-particle
column packings came into use. Today, the terms “high pressure”
and “high performance” are used interchangeably because the greater
pressure required to run samples through the small-particle columns
pays off significantly with better separation efficiency. 

Today, HPLC is the product of a quarter-century of refine-
ments, driven by technical advances and economic competition
in a $2 billion-plus equipment market. Reliability and ease of
maintenance are expected as a matter of course (2). Recently,
manufacturers have improved HPLC’s performance and reliabili-
ty, added features, and made maintenance easier, largely in
response to proteomics researchers’ need for high resolution and
small-sample capabilities and the pharmaceutical industry’s demand
for high-throughput screening for drug discovery. When multi-

ple detectors, diode arrays, and mass spectrometers process the
output stream from the chromatography column, the result is
more data per sample run, and this data avalanche drives devel-
opments in data handling, mining, and interpretation tools.

All these trends were evident in the technical sessions at
Pittcon 2003 (www.pittcon.org). In his plenary lecture, Fred W.
McLafferty, professor emeritus at Cornell University (Ithaca,
NY), contrasted the status of analytical chemistry in the early
1950s to its role today. “Back in those days, analytical was the
doormat of chemistry”, he said. He noted, however, that the
current biotechnology revolution would have been impossible
without analytical chemistry. McLafferty stated that while sample
sizes continue to shrink, the sizes of the molecular species
under analysis continue to grow (DNA molecules and the proteins
they express are prime examples). He recognized the efforts of
John Fenn, 2002 Nobel Laureate in Chemistry, stating that Fenn
“let us put proteins in the spectrometer,” and he vividly described
Fenn’s electrospray ionization (ESI) mass spectrometry technique
as a “high-voltage sneeze”. Fenn himself presented a special
lecture, in which he explained the voltages, sonic forces, ther-
modynamics, and other factors required to make the ESI “sneeze”
into an effective analytical method.

NANCY K. MCGUIRE

For HPLC, the push is on for faster
throughput, higher resolution, 
and smaller samples.

“Liquid Assets”
A Story of Separations



1871, showed that the intensity of this light was proportional
to the wavelength.

But that is not the whole story, and what is left is responsible
for the Raman scattering effect, which was predicted by A.
Smekal in 1923 and finally demonstrated experimentally by the
Indian scientists C.V. Raman and K.S. Krishnan in 1928. Raman
spectroscopy is the result of monitoring the very small proportion
of scattered radiation that is altered in wavelength as a result of
collision with any solid, liquid, or gas molecule. This wavelength
can be increased (called Stokes radiation) or decreased (anti-Stokes).
The change in the radiation is caused by specific shifts in the vibra-
tional and/or rotational states of the impacted molecules.

(Infra)Red Sky at Morning
Because Stokes and anti-Stokes radiation is such a small propor-
tion compared with the overwhelmingly elastic (Rayleigh) scattered
light, the Raman effect has historically been difficult to monitor.
Originally, Raman spectrometers relied on monochromatic wave-
lengths filtered from atomic emission sources (generally visible or
near-UV) such as those produced by a mercury discharge lamp.
The advent of lasers (specifically the helium−neon at 632.8 nm and
the argon ion laser at 514.5 nm) expanded the functionality of
Raman spectroscopy because of increased intensities and more avail-
able wavelengths. 

After the 1970s, lasers operating in the nonvisible spectrum
became available (an important consideration because many mole-
cules are colored and therefore absorb or fluoresce in the visible
spectrum—which causes added problems for isolating the
already weak Raman effect). Because the scattering is complex
and in all directions, and complicated by the presence of
Rayleigh radiation, the use of Fourier transform (FT) analysis to
tease out the most complete signal was another critical enhance-
ment that had to be added. 

And now the use of IR and near-IR wavelengths, rather than
visible light, is looking to make Raman a hardy perennial instead
of a hothouse flower. As pointed out at the Thermo-Nicolet
website The History of Raman Spectroscopy, “The ability of FT-Raman
to quickly analyze a very wide variety of sample types and the
FT’s ability to collect a full high-resolution spectral range in a single
measurement have made the Raman technique accessible to a far
greater number of scientists.”

The Waters Symposium
At this, the 14th outing of the James L. Waters Symposium (estab-
lished in 1989 to recognize pioneers in the development of scien-
tific instrumentation, named for and funded by the founder of Waters
Associates, Inc., and administered by the Society for Analytical
Chemists of Pittsburgh), these developments were outlined in their
historical context by several speakers whose professional lives were
interwoven with the evolution of Raman spectroscopy. 

Fran Adar (JY Horiba) focused on the development of new
technologies and their effects on Raman, while M. Bonner Denton
(University of Arizona) discussed the impact of the development of
various array detectors for monitoring the Raman signals. 

Harry Owen (Kaiser Optical Systems) discussed the effect of
new filters and gratings to remove Rayleigh scattered light on the
utility of Raman. And Bruce Chase (DuPont), one of the co-inven-
tors of the method, detailed how the development of FT-Raman
revolutionalized the technology and became essential to its wide-
spread commercialization.
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William Hancock, president of proteomics development for
ThermoFinnigan (San Jose, CA) and the winner of the 2003 Stephen
Dal Nogare Award (presented by the Chromatography Forum of
Delaware Valley) and editor of the Journal of Proteome Research,
was honored in a special symposium. Hancock spoke of recent
developments in the application of HPLC to protein analysis for
the early detection of cancer, an effort that would not only
guide treatment of current cancer patients, but provide knowl-
edge for the eventual prevention of various cancers. He spoke of
the emerging field of personalized medicine, in which the treat-
ment is tailored to fit one patient or a specific group of patients. 

A Parallel Universe
In the less rarefied world of the Pittcon oral sessions, the
presentations focused on applications that could appear on the
exhibit floor in the next few years, instead of in the next
decade. Pharmaceutical applications held a prominent place on
the schedule, and the byword from the pharmaceutical industry
this year is “faster”. High-throughput screening applications
require simple preparation going in and rapid results coming out.
Using shorter columns, reducing the flow rate, and sacrificing
resolution all speed up the process but are not very satisfactory
in the long run. To increase sample throughput, researchers are
focusing on new developments in parallel columns and more effi-
cient stationary phases. 

Parallel column HPLC analysis is “the ultimate in high-through-
put screening”, but the technique is difficult, according to Michael
Dong (Purdue Pharma, L.P., Ardsley, NY). Analysts inject samples
into several columns, then run them all at once using a
synchronized system of pumps, injectors, and detectors. Michel
Manach of Bionisis SA (Le Plessis Robinson, France) presented a
novel solution to the synchronization problem—an HPLC-like
technique called optimum performance laminar chromatography
(OPLC) (Paper 530-4). Instead of a cylindrical column, OPLC
uses two flat plates under pressure to process as many as eight
samples on the same sorbent bed. Samples are introduced using
one or two injector motors, and a multiplexed detector coupled
to an optical fiber array collects the results. The flat configura-
tion ensures a linear solution front (conventional HPLC columns
produce a parabolic front). Manach carried one of these flat plates
in his briefcase to show curious technophiles. It looked unre-
markable except for its simplicity—a flexible square polymer
sheet, about 6 in. on a side, coated with the white powdery
stationary phase.

Immobile But Active
Stationary phases do much more than fill up space in HPLC
columns. In fact, Peter Carr (University of Minnesota, Twin Cities)
states, “It appears that advances in particle and column tech-
nology have significantly outstripped advances in instrumental
and hardware aspects of HPLC” (660-1). Carr convened a
symposium in honor of Joseph (Jack) Kirkland, an HPLC pioneer,
comprising eight talks over the course of a day. Kirkland, who
founded Rockland Technologies (Newport, DE, recently purchased
by Agilent), regaled would-be sorcerer’s apprentices on the art
and science of packing HPLC columns, from the 1960s-vintage
column-tamping machine that caused researchers in the neigh-
boring lab to complain about the noise to the present-day search
for an optimal liquid phase for making small-particle slurry pack-
ings (660-3).  



Visible Progress and Up the Ultraviolet
But, as always, the more traditionally common forms of spec-
troscopy were well represented in presentations at Pittcon 2003.
(And this is, of course, not counting mass spectrometry, which
although extremely well represented at the meeting and on the
showroom floor, does not actually involve the bending of light.)
The spectroscopy focus areas included specific individual sessions
on atomic spectroscopy, Raman, and near-IR. In the area of IR
spectroscopy, individual talks focused on developing new appli-
cations for materials characterization and others. UV–vis spectro-
scopy was not lacking at the show either, with a variety of foci
such as materials characterization, bioanalytical techniques,
and environmental applications. The continual movement into
biotechnology and pharmaceutical applications was “reflected”
throughout.

The Awards Spectrum
Whereas chromatography may be thought of as a means to
touch and manipulate the molecular world, spectroscopy may be
considered the means by which we sense and understand it. To
honor those who have contributed their part in this endeavor,
Pittcon gives out a series of awards every year to those who
have contributed to the development and use of analytical instru-
ments and to the progress of science as a whole. 

And although they don’t offer a large purse and aren’t hand-
ed out with pomp and circumstance by the King of Sweden, these
awards are still much-prized accolades to the scientists concerned.

As HPLC is applied to progressively larger analyte molecules,
equilibration times become more of a problem. One practical solu-
tion is to coat solid particles of the stationary phase with a thin
porous layer. The analyte diffuses into and out of the surface
layer, rather than penetrating the entire particle. This can produce
both increased resolution and shorter analysis times, rather
than a trade-off between the two. Wu Chen (Agilent Technolo-
gies, Palo Alto, CA) explained the principles behind superficial-
ly porous silica spheres such as Agilent’s Poroshell products
(960-4). New developments, including bonded phases and steric
protection of the surface phase, enhance selectivity still further. 

Zirconia-based stationary phases offer advantages in stabili-
ty and phase-loss prevention at extreme pH and high tempera-
tures. Carr explained that zirconia columns make it possible to
use temperature as a third dimension in HPLC (in addition to
the mobile and stationary phases) to achieve the most desirable
spacing between eluent bands. He showed some recent results
from his research using thermally tuned tandem column (T3C)
HPLC (660-1). Because resolution is more sensitive to changes in
column selectivity than to other parameters, two columns having
highly different selectivities can be connected in series, each
column running at a different temperature, to separate mixtures
of herbicides, pesticides, antihistamines, or barbiturates.

Brian Jones (Selerity Technologies, Salt Lake City, UT) present-
ed a temperature-gradient programmable HPLC unit that prom-
ised to increase speed, efficiency, and selectivity, while reducing
the amount of organic modifier needed (530-2). The instrument
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In 2003, the chief awards honoring scientists who contributed
to applied spectroscopy were as follows:
• The Pittsburgh Spectroscopy Award from the Spectroscopy

Society of Pittsburgh (SSP) was given to Gary Horlick, profes-
sor of chemistry at the University of Alberta, for his career
contributions in “the development and characterization of new
methods and systems for elemental analysis.” These contri-
butions include the application of photodiode arrays to
atomic spectroscopy.

• The Maurice F. Hasler Award, sponsored by Thermo Electron
Corp. and administered by the SSP, is given out every two years
and was awarded in 2003 to Jack L. Koenig, professor of macro-
molecular science and engineering at Case Western Reserve
University, Cleveland. He was honored “for his lifelong
contributions in developing spectroscopic methods and instru-
mentation for polymers.”

• The Bomem-Michelson Award, dedicated to the memory of A.
E. Michelson, developer of the Michelson interferometer, is
sponsored by Bomem, Harmann & Braun and presented to
individuals who “have advanced the techniques of vibrational,
rotational, Raman, or electronic spectroscopy.” It was award-
ed to Peter Griffiths, professor and chair of the department
of chemistry at the University of Idaho. He was honored for
his work in developing hardware and software for open-path
FT-IR spectrometry and his efforts in surface-enhanced IR
absorption spectrometry.

• The Tomas P. Hirshfeld Award was presented by the Interna-
tional Committee for Near-Infrared Spectroscopy to Franklin
E. Barton, II, a research chemist at the USDA (Athens, GA)
for his work in near-IR.

• The Williams–Wright Award was presented by the Coblentz Soci-
ety to Neil Everall of ICI (U.K.) “for his work on the develop-
ment and application of vibrational spectroscopy techniques
for characterizing materials and industrial processes.”

Illuminated Futures
The world of spectroscopy is growing as applications and inter-
est expand almost exponentially. In the future, as in the past,
the “path of light” will be trod by scientists exploring the
nature of the universe. 

At Pittcon 2003, as in Pittcons past, many students present-
ed posters, attended the technical sessions, were inspired by the
winners, and walked the booth aisles at their inaugural trade
show gawking at the new products and the plethora of compa-
nies with their tchotchkes and brochures. Perhaps among them
there was a future winner of a spectroscopy award in bud—part
of the continuity and purpose of this time-honored analytical
instruments event.

Further Reading
To find out about the sessions and awards discussed here, go to the Pittcon

2003 website at www.pittcon.org.
For a textbook discussion of the ins and outs of the various forms of spec-

troscopy, see Hollas, J. M. Modern Spectroscopy, 3rd ed.; Wiley & Sons:
New York, 1996.

The History of Raman Spectroscopy; www.thermo.com/eThermo/CDA/
Technology/Technology_Detail/0,1213,PREVIEW-1000001061221-104,00.html.

Mark S. Lesney is a senior associate editor of Today’s Chemist at
Work. Send your comments or questions regarding this article to
tcaw@acs.org or to the Editorial Office address on page 3. ◆
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included a vapor sensor that automatically stopped the instru-
ment and cooled and ventilated the oven when a specified thresh-
old level of toxic or flammable vapors was exceeded.

Hybrid support phases combine silica’s rigidity, stability at low
pH, and resistance to solvent swelling with the uniform peak shapes
and high-pH stability typical of polymer supports. Uwe Neue (Waters
Corp., Milford, MA) showed how hybrid particles with monofunc-
tional, difunctional, and bridging ligands could be optimized with
various degrees of reactivity or hydrophobicity (660-5).

Monolithic columns are made from continuous macroporous
networks of highly cross-linked polymers or inorganic phases
such as silica. Frantisek Svec (University of California at Berke-
ley) discussed several new developments in monolithic columns,
including polymers that change polarities in response to temper-
ature and layered graft structures assembled into zoned columns
for mapping peptides (660-4).

Small Samples, Finely Separated
While the pharmaceutical industry is pursuing speed, genomics
and proteomics laboratories demand high resolution and the abil-
ity to analyze very small samples. The size and complexity of
the biomolecules with which biotech researchers work place added
demands on the instruments they use.

One persistent problem in analyzing protein mixtures is that
the concentrations of the most abundant proteins can be 5 orders
of magnitude greater than those of the minor constituents.
Although these minor constituents can play a critical role in
biological functions, their signatures can be difficult to recognize
in the chromatographic output. Rong Xiang, a graduate student
in HPLC-pioneer Csaba Horvath’s group at Yale University (New
Haven, CT) described a technique that combines the high reso-
lution and efficient column use of displacement chromatogra-
phy with the rapid run times of elution liquid chromatography,
enhancing the signals from the low-abundance components in
the process (3). The first components exit the column along
with the eluent, reducing the number of components in the second
zone—compounds that have been sequentially dislodged by the
displacer. A third group of components exits the column along
with the displacer. 

The Bottom Line
As with many other analytical techniques, HPLC is not one
single method, but a suite of tools, each adapted to solving a
particular set of problems: high throughput, high resolution, or
small sample volumes. Add to that the capabilities of tempera-
ture programming, new stationary phases, multidimensional config-
urations, and a plethora of detectors, and as Pittcon 2003 showed,
the toolbox becomes very versatile indeed.
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