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UPDATE

Pumping for
Petroleomics?
Past the obligatory chuckle
raised by the thought of com-
paring petroleum chemistry
with the epitome of modern
biology, much less the eye-
brows raised at any attempt
to swell the ranks of what
already seem to be far too
many “-omics,” there is an
actual message and serious
meaning to the concept of
“petroleomics.” According
to Alan G. Marshall and
Ryan P. Rodgers of the
Department of Chemistry
and Biochemistry, Florida

State University, in their paper
in Accounts of Chemical Re-
search (2004, 37, 53–59):
“Ultrahigh-resolution mass
spectrometry has recently
spawned a new field of “pe-
troleomics,” namely the rela-
tionship between the chemi-
cal composition of a fossil
fuel and its properties and
reactivity.” This requires the
complete resolution of the
“more than 20,000 distinct
elemental compositions (Cc,

Hh, Nn, Oo, Ss)” in petro-
leum crude oil.

The range in oil mixtures
can be from 10,000 to
100,000 distinct constituents,
making the mixtures as com-
plex or more so than the
human genome, and requir-
ing a similar approach to
analyzing and comparing the
vast amounts of data generat-
ed by the newer types of MS
analysis, specifically ultrahigh-
resolution Fourier transform
ion cyclotron resonance MS.
The sudden realization of this
complexity stems from the
fact that previous analysis
overestimated the molecular

weights of petro-
leum constituents
by nearly an order
of magnitude—
misinterpreting
a vast number of
smaller separate
components for
giant, linked com-
pounds. These
earlier results were

obtained from distributions
based on size exclusion chro-
matography, light scattering,
and less sensitive forms of
MS. The new size distribu-
tion has been corroborated by
fluorescence depolarization
techniques.

There are several poten-
tial benefits of an “-omics”
approach to petrochemistry.
The “petroleome” of any
single crude oil can be vastly
different from those of sam-
ples isolated from different
depths or regions. Such
fingerprinting can provide
information about optimum
refining parameters, pollu-
tion control, and the utility

of the crude for petrochemi-
cal production.

Similarly, complex mix-
tures of refined petroleum
products can also be finger-
printed. This is especially
important in arson acceler-
ants such as gasoline, kero-
sene, or lighter fluids. On a
more basic research level, an
understanding of these in-
credibly complex collections
of molecules may provide
new insight into organic
chemistry as it is “practiced”
under natural conditions.

Mark S. Lesney

In Memoriam: Csaba
Horváth (1930–2004)
It is appropriate in our liquid
chromatography issue to note
the passing of one of the pio-
neers in the field—Csaba
Horváth—who died at the
age of 74 on April 13, 2004,
in New Haven, CT. At his
death, Horváth was the
Roberto C. Goizueta Pro-
fessor of Chemical Engineer-
ing at Yale University.

He was born on January
25, 1930, in Szolnok, Hun-
gary, and graduated from the
University of Technical Sci-
ences in Budapest in 1952. In
1956, he took a position with
Hoechst in Frankfurt, West
Germany. He joined the Insti-
tute of Physical Chemistry at
Goethe University in 1961,
and received his Ph.D. in
1963 doing gas chromatogra-
phy (GC) research. This was
followed by a research fellow
appointment at Massachusetts
General Hospital. He became
a member of the department
of engineering and applied sci-

ence of Yale University, where
he worked on liquid chroma-
tography for the rest of his life.

Horváth is best known as
the inventor of the porous-
layer open-tubular GC col-
umn and as the designer and
constructor of the first high-
pressure liquid chromato-
graph (HPLC)—the P was
later changed from “pressure”
(because of both commercial
considerations and the debate
about how much pressure was
high pressure) to “perform-
ance.” He was known as a
critical thinker who played
an important role in defining
the theoretical underpinnings
of the technique. Horváth
was also known for develop-
ing the first microbore HPLC
columns, used for ion-ex-
change separations of biologi-
cal compounds. In 1967, he
first used nonporous, or pel-
licular, particles for ion-ex-
change-based HPLC separa-
tion of nucleic acids at Yale.
His latest research focused on
the properties and develop-
ment of capillary electrochro-
matography and monolithic
columns.

Horváth received numer-
ous major chromatography
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awards, including the Com-
memorative Tswett Medal of
the Academy of Sciences of
the U.S.S.R. in 1978, and
the American Chemical Soci-
ety National Award in Chro-
matography in 1983; and he
was elected a member of the
U.S. National Academy of
Engineering in January 2004.
He was the author or coau-
thor of nearly 300 scientific
papers. The most significant
of these was “Solvophobic
interactions in liquid chro-
matography with nonpolar
stationary phases” ( J. Chro-
matogr. 1976, 125, 129),
which was cited at least 
985 times. 

Mark S. Lesney

MRI Sees Electron
Researchers at IBM’s
Almaden Research Center
have developed a magnetic
resonance force microscopy
(MRFM) instrument and
used it to detect the spin of 
an individual electron (Nature
2004, 430, 329–332). The
technique uses the theory of
magnetic resonance imaging

(MRI), widely employed 
in medical instruments,
combined with atomic force
microscopy technology to
obtain a one-dimensional
spatial resolution of 25 nm.

The instrument basically
consists of a silicon cantilever
with a magnetic tip, a
microwave generator, and 
an interferometer to detect
motion of the cantilever, all
contained in a cooled vacu-
um chamber within the bore
of a superconducting magnet.
The microwave magnetic
field and the inhomogeneous
field from the cantilever tip
produce a bowl-shaped “reso-
nant slice” in the sample.
When the tip passes over the
location of an unpaired elec-
tron, the spin is inverted,

creating a magnetic force on
the cantilever that changes
the cantilever’s motion.

Because the force from 
the spin of an individual elec-
tron is so small (only a few
attonewtons), the researchers
used a method called inter-
rupted oscillating-cantilever-
driven adiabatic reversals. The
cantilever is oscillated at its
fundamental frequency and,
as it passes over the electron,
its spin is inverted in sync
with the cantilever frequency.
However, the alternating
magnetic force caused by the
spin inversion also affects the
cantilever motion, and the
shift in vibration frequency is
measured.

According to the
researchers, spins as deep as
100 nm in a sample should
be accessible, leading them 
to believe that MRFM may
soon be used to produce
three-dimensional images 
of molecules, especially
proteins. However, nuclear
spin, and not electron spin,
will need to be measured,
and this may require a 1000-
fold improvement in sensitiv-

ity. The researchers suggest
that there is room for some-
what simple improvements.

Michael J. Felton

ACS Board Names
New Journal Editor
The American Chemical 
Society Board of Directors
has confirmed George C.
Schatz of Northwestern Uni-
versity as the next editor of
The Journal of Physical Chem-
istry. He is the author of over
300 publications, including
the textbooks Quantum
Mechanics in Chemistry (with
M. A. Ratner; Prentice Hall,
1993), and Introduction to
Quantum Mechanics in
Chemistry (with M. A. Rat-
ner; Prentice Hall, 2001). 

Schatz’s best-known work
is concerned with quantum
theories of reactive collisions
between molecules. His 
study of H + H2 was a land-
mark calculation. Schatz was
also a major contributor to
the discovery of transition-
state resonances in reactive 
collisions. 

Mark S. Lesney ◆

Biosensor. Researchers at
Pennsylvania State University
have developed a way of pro-
ducing thin, oriented lipid mono-
layers, which are stable under
repeated washing and may be
useful in biosensing or surface-
coating applications. The lower
detection limit of cholera toxin
was found to be approximately
0.5 µg/mL, and the relationship
between toxin concentration and
frequency response was logarith-
mic and spanned several orders
of magnitude. Potential sites for
nonspecific adsorption were
blocked using serum albumin
without sacrificing toxin specifici-
ty. (Langmuir 2004, ASAP Article
10.1021/la049554w)

Nanofibers that Clean
the Air. Titanium oxide nano-
particles catalyze the break-
down of organic chemicals
when exposed to UV light. How-
ever, the particles tend to clump
and become less reactive. Re-
searchers in Australia and China
have overcome this problem by
reacting hydrogen titanate nano-
fibers with dilute acid at precise
temperatures. The reaction is a
topochemical process in which
there is a phase transition but
the product retains its fiber struc-
ture. Parts of the fiber surface
change from hydrogen titanate
into anatase (a titanium oxide).
(J. Am. Chem. Soc. 2004, ASAP
Article 10.1021/ja048204t)

ANSOM. Researchers at the
University of Colorado and Na-
tional Institute of Standards and
Technology are using a confocal
apertureless near-field scanning
optical microscope (ANSOM) to
look at single fluorescing mole-
cules contained in poly(vinyl
alcohol) films that are placed in
a vacuum. By reducing oxida-
tion, the process produced a
7.3-fold fluorescence enhance-
ment and ~30-nm fluorescence
resolution, allowing the dipole
of fluorescent molecules to be
examined. Many, but not all, of
the features in the data can be
explained by a model of dipole
excitation. (Proc. Natl. Acad. Sci.
U.S.A. 2004, 101, 9528–9533)

Organic Quantum Dots?
Organic clusters with uniform
structure and size have been
synthesized and studied at the
Institute of Materials Research
and Engineering in Singapore.
The results indicate the materials
have quantum-dot-like proper-
ties. Unlike semiconductor quan-
tum dots created by semiconduc-
tor fabrication technology, these
clusters can be synthesized and
modified using wet-chemistry
techniques. The quantum
confinement occurs in the clus-
ter’s arms, and the clusters were
characterized by UV, transmission
electron microscopy, and Raman
spectroscopy. (J. Am. Chem. Soc.
2004, 126, 7792–7793)

Science Bits

Illustration of how MRFM operates.
(Image courtesy of IBM.)


