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Microbes and SERS
To identify microorganisms
in a clinical environment,
researchers have focused on
the development of physico-
chemical spectroscopic meth-
ods to generate whole-organ-
ism or metabolic fingerprints,
using techniques ranging
from MS to Fourier transform
infrared spectroscopy. Another

method capable of providing
information-rich spectral
data is Raman spectroscopy.
Unfortunately, the Raman
effect is weak, and thus collec-
tion times can take minutes
rather than seconds. Surface-
enhanced Raman spectros-
copy (SERS), however, can
offer a 103- to 106-fold
enhancement over traditional
Raman and, unlike many
other spectroscopic methods,

it does not cause photochem-
ical sample degradation.

Although numerous
researchers have used SERS
to study microbes, they have
looked at only a limited
number of strains, and, there-
fore, no one knows if the tech-
nique can be used to differ-
entiate bacteria. To address
this question, researchers at
the University of Manchester
Institute of Science and Tech-
nology used SERS to analyze
several bacterial strains associ-
ated with urinary tract infec-
tions to determine whether
the method could perform
rapid whole-organism finger-
printing (Anal. Chem. 2004,
76, 40–47).

Studying the region
between 400 and 980 cm–1,
the researchers found that
they could achieve repro-
ducible SERS spectra with a
variety of batches of colloidal
silver, but that signals varied
in intensity. To correct this
problem, and thereby make
the method more quantita-
tive, they took a lead from
MALDI MS analysis and
combined 36 median spectra
from each sample, thus inten-
sifying the signal over the
noise. As expected, spectra
from different Gram-negative
bacterial strains looked simi-
lar, indicating a similar surface
chemistry. Interestingly, there
were even similarities between
Gram-negative and Gram-
positive samples, which the
researchers determined was
caused by a surface polysac-
charide that the microbes had
in common.

On this last point, they
were quick to note that

although it is possible to gain
chemical information to iden-
tify the particular microbe
constituents from the SERS
spectra, this is likely to happen
only with a priori knowledge
of the biochemistry of the
organisms. Similarly, without
a detailed database of micro-
bial SERS spectra, the process
of peak identification is still
somewhat time-consuming.
Based on the spectroscopic
profiles, the researchers creat-
ed a dendrogram that clus-
tered the microbes with
subspecies discrimination.
These results were consistent
with similar data from genet-
ic fingerprinting methods.

Randall C. Willis

Probing Groundwater
One method for the disposal
of high-level radioactive waste
is to place it in deep geologi-
cal formations. But to perform
a long-term safety assessment
of this method, it is necessary
to understand the geochemi-
cal behavior of the radionu-
clides and how they will
migrate through the various
strata to impinge upon the
biosphere. For this analysis,
the long-lived actinides—
neptunium (Np), plutonium
(Pu), americium (Am), and
curium (Cu)—are of particu-
lar interest. This is especially
true with the redox-sensitive
Np and Pu, because different
oxidative states exhibit differ-
ent geochemical and migra-
tion properties.

Direct speciation using
absorption spectroscopy
provides only limited sensi-
tivity, and the absorption

bands of the various species
often overlap, limiting the
method’s usefulness. As an
alternative, researchers at
Johannes Gutenburg Univer-
sity (Mainz, Germany) and
Forschungszentrum Karlsruhe
recently described a specia-
tion method that they had
developed using capillary
electrophoresis coupled to
inductively coupled plasma
(ICP)-MS and applied it to
artificial and natural ground-
water samples (Anal. Chem.
2003, 75, 6769–6774).

The researchers showed
that the migration of several
radionuclide species generally
depended on the size, charge,
and shape of the species,
with charge largely deter-
mined by the degree of
nuclide complexation with
an added acetate buffer.
Concerned that the acidic
conditions might alter the
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Characterizing microbes. Using
SERS, researchers were able to
generate whole-organism finger-
prints of two species of bacteria.
(Adapted with permission from
Jarvis, R. M.; Goodacre, R. Anal.
Chem. 2004, 76, 40–47.)

ICP-MS Wins. Using ICP-MS
(bottom), researchers were able to
identify Pu(V) in a mixture of pluto-
nium species more clearly than by
using UV-visible absorption spec-
troscopy. (Adapted with permission
from Kuczewski, B.; et al. Anal.
Chem. 2003, 75, 6769–6774.)
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oxidative state of the acti-
nides, they looked for
changes using UV–visible
absorption spectroscopy
and saw none. Using this
method, however, they had
to mathematically determine
the amount of Pu(V) in the
sample from the Pu(IV) and
Pu(III) peaks. With ICP-MS,
Pu(V) was clearly visible and
could be determined from
the spectra.

To succeed with Np speci-
ation, which proved a little
more difficult, the researchers
needed to perform all steps
under anaerobic conditions
to prevent oxidation of
Np(IV) to Np(V). Another
advantage of the ICP-MS
method was the ability to
directly analyze groundwater
samples. These samples typi-
cally contain high levels of
humic and fulvic acids, which
interfere with direct spectro-
scopic speciation but did
not seem to interfere with
MS analysis.

Randall C. Willis

Crystallize It Again,
SAMs
In a recent communication
in the Journal of the American
Chemical Society, researchers

Naoki Banno and colleagues
from Waseda University in
Japan presented a method
for crystallizing leucine in
an enantioselective fashion
using covalent modification
of a monolayer film (J. Am.
Chem. Soc. 2004, 126 (2),
428–429). According to
their research, crystal nucle-
ation can occur on sites of
monolayer films such as
Langmuir monolayers that
form at an air–solution inter-
face. Self-assembled mono-
layers (SAMs) have been
shown to possess this same
property of promoting and
influencing crystallization. 

The nature of the film
can also affect the subsequent
crystal growth to the point
that monolayer-induced crys-
tallization can act as a form
of molecular recognition,
selecting the molecular forms
involved in triggering the
crystallization process. For
example, the attachment of
amine molecules on a SAM
with amide linkage forma-
tion provides the ability to
attach the separate chiral
forms of an enantiomeric
amino acid. Using SAMs,
the researchers examined the
ability of such monolayers to
grow enantioselective crystals

of the hydrophobic amino
acid leucine. 

Banno and colleagues
used a gold substrate vapor
deposited on a quartz crystal
in their experiments. The
substrate was then flame-
annealed and placed into a
2 mM ethanolic solution of
11-mercaptoundecanoic acid
(MUA) to create the SAM.
Leucine (D- or L-form) was
then covalently attached to
the SAM to act as a subse-
quent seed for crystallization
in D-, L-, or DL-mixture
leucine solutions. Excess crys-
tals, adsorbed to the substrate
rather than formed on the
covalent “seeds”, were removed
using a gentle ethanol wash.
X-ray diffraction (XRD) was
used to analyze the results. 

The XRD patterns clearly
showed that when a D-leucine-
attached SAM was used, crys-
tals would form only from a

solution of D-, not L-leucine,
and vice versa. As expected,
crystal growth occurred on
both SAMs if a racemic
mixture of leucine was used.
Significantly, in each case,
the crystals formed as a
racemic mixture, rather than
consisting of only the enan-
tiomeric form that matched
the SAM. This behavior was
ascribed to the lower solu-
bility that the DL-mixture
has compared with L-leucine,
giving the racemic solution
a greater chance to form pre-
nucleation aggregates that
could lead to crystal forma-
tion. Prenucleation aggre-
gates appeared to interact
with the covalently bound
enantiomers because of
hydrophobic or van der
Waals forces rather than
hydrogen bonding. 

The ability to closely
monitor and control crystal-
lization using SAM mono-
layers is thus seen as a good
means of understanding
the physical and chemical
parameters of enantioselec-
tivity in the crystallization
of amino acids, which might
lead to further improvements
in efficiency and uniformity
of drug production.

Mark S. Lesney ◆

Metabolomic detection of
nucleotides. Researchers at
the Institute for Biological
Sciences–National Research
Council and the Naval Medical
Research Center have reported
a novel CE-ESMS method for
determining nucleotide-activated
sugars used in the biosynthesis
of glycoconjugates in pseudamic
acid, a sialic acid-like sugar. Sialic
acid is believed to be active in
multiple molecular processes and
plays an important role in the
body’s infection-fighting processes
(Anal.Chem. 2004, 76, 619–626).

Referential harmony.
Leaders from Europe’s major
Certified Reference Materials
producers signed a Memoran-
dum of Understanding for the
new European Reference Mate-
rials initiative, a joint venture
between LGC—the United
Kingdom’s largest independent
analytical laboratory, providing
chemical, biochemical, and DNA-
based analysis—the Institute
for Reference Materials and
Measurements, and the German
Federal Institute for Materials
Research and Testing. The new

venture is designed to harmo-
nize and further improve quality,
reliability, and performance in
chemical analysis.

High-pressure chemistry.
Researchers at the Universität
Freiburg reported what they say
is the first study of organic elec-
trochemical processes in aprotic
media at high pressures, up to
300 MPa. Using cyclic voltam-
metry, they observed evidence
of reversible dimerization for
organic ions. At high pressures,
they found that the equilibrium
shifts toward dimer formation

(J. Phys. Chem. A. 2004, 108,
230–235).

A century of chromatog-
raphy. Pioneers in the evolution
of gas and liquid chromatogra-
phy were recently honored by
SGE International Pty. Ltd. and
the Royal Australian Chemistry
Institute to commemorate 100
years since the first “official
separation was recorded.” The
event featured Australian scien-
tists who have made contribu-
tions in the separation sciences
both at the research level and in
commercial activities.

Science Bits 

H3N+ CH COO–

CH2

CH CH3
+

CH3

L-Leucine.


