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SciTECH Briefs
MS Fiber Forensics 
A trace amount of fiber dusted off a victim’s
clothing at a crime scene seems to visual-
ly resemble samples taken from a jacket
that was dumped in an alley behind the
prime suspect’s apartment. Definitively
proving that the two samples are of the
same origin would go a long way in
connecting the suspect to the victim and
establishing a case, but how? According to
a recent study conducted for the FBI by
Linda Lewis and colleagues at the Univer-
sity of Tennessee (www.utk.edu), Oak Ridge
National Laboratory (www.ornl.gov), and
the Department of Energy’s Analytical
Chemistry Organization (www.y12.doe.gov/
aco), electrospray ionization mass spec-
trometry (ESIMS) is a good place to start. 

Analysis of the dye components of
forensic fiber samples has the potential
to provide fingerprint-like specificity for
determining manufacturing origin. Current-
ly, microspectrophotometry and thin-layer
chromatography (TLC) are the most
common techniques for forensic fiber color
examination. However, neither of these is
able to quantify the relative amounts of
individual dye components—which is
important since manufacturers commonly
use identical dyes in varying proportions
to create differently colored fibers. 

ESIMS, on the other hand, can be
used to identify individual dyes and precise-
ly quantify their relative amounts, as
displayed by the Tennessee researchers who
used the technique to analyze acidic dye
extracts from submillimeter-length nylon

fibers (Anal. Chem. 2003, 75, 2753–2760).
The group first demonstrated in indi-

vidual analyses that each of the nine
dyes used in this study had unique ESIMS
spectra, which contained only parent ion
peaks because the “gentle” ionization of
electrospray is not able to fragment these
compounds. They were able to use this
small database of dye spectra to differen-
tiate three types of nylon thread wind-
ings, supplied by manufacturers, contain-
ing distinct mixtures of some of these nine
dyes—even the two windings that con-
tained the same three dyes and only
differed in their proportions.

Although the approach is adequate
for this particular situation, if hundreds of
dyes, some with equivalent m/z values,
were under consideration, then it would
not suffice. Thus, the researchers expand-
ed the technique to include tandem mass
spectrometry (ESIMS/MS), in which they
performed collision-induced dissociation
to produce detailed “fingerprint” fragment
spectra of precursor parent ions. 

The scientists were able to present a
forensic protocol for absolute verification
of fiber dye origin that takes 2–3 min for
each spectrum and uses only 50 µL of a
1-mm/100-µL fiber solution. 

According to Lewis, this study was
one part of a two-part FBI-funded project
that also included the (yet unpublished)
account of the development of a micellar
electrokinetic chromatography screening
method to detect dyes extracted from nylon
fibers. Both of these approaches, says Lewis,
“facilitate a tremendous advancement in
current trace-fiber comparison capabilities.
The next step is to expand these methods
to other fiber types and dye classes.” 

—David Filmore ◆

Uncapping Drug Delivery
Conventional chemotherapeutic drugs attack
not only malignant cells but healthy ones
as well, often leading to symptoms such
as fatigue, pain, nausea, hair loss, and
anemia. A system that encapsulates the
active agent as it travels through the blood-
stream, releasing it only when it reaches
the site of the tumor, could protect healthy
cells and organs while delivering a more

concentrated dose to the malignancy. 
Victor S.-Y. Lin and colleagues from Iowa

State University (www.iastate.edu) have
developed just such a strategy on the basis
of the host–guest chemistry of the meso-

porous silica phase MCM-41 (J. Am. Chem.
Soc. 2003, 125, 4451–4459). This type of
drug delivery system has been studied before,
but the difference here is the addition of
chemically removable cadmium sulfide (CdS)
nanoparticle caps. These caps seal off the
pore entrances, trapping the guest mole-
cule inside. When a chemical signal is
applied, the caps pop off, releasing the guest
molecule into solution (see figure).

The method relies on a mesoporous sili-
ca nanosphere functionalized with 2-
(propyldisulfanyl)ethylamine. In two sepa-
rate tests, the authors introduced aqueous
solutions of vancomycin and adenosine
triphosphate (ATP) into the pore spaces.
They then capped off the pore openings
in situ by capturing mercaptoacetic acid-
derivatized CdS nanocrystals from aqueous

Dithiothreitol severs the disulfide linkages
between the mesoporous silica nanosphere
and CdS nanocrystals, releasing the drug
molecules trapped inside. (Adapted with
permission from Lai, Cheng-Yu; et al. J.
Am. Chem. Soc. 2003, 125, 4451–4459.)



solution. The resulting disulfide linkages
between the functional groups on the pore
surface and the CdS caps are chemically
labile and can be severed using various
disulfide-reducing agents. 

The capped particles released >1% of
the encapsulated species into a 10 mM
pH 7.4 buffer solution over 12 h. Adding
dithiothreitol to the suspension caused a
partial release of the encapsulated species
(54% for vancomycin and 28% for ATP)
over a period of three days.

The researchers tested their system in
vitro for biocompatibility with neural tissue
cells called astrocytes. By monitoring
changes in intracellular calcium ion concen-
trations for cells exposed to ATP adminis-
tered directly and in encapsulated form and
comparing the results with capped-pore
nanospheres with no ATP, they confirmed
that the astrocytes responded specifically
to the ATP rather than to the silica, the
CdS, or the disulfide-reducing agent. 

Although the scientists did not propose
a mechanism for delivering a disulfide-
reducing agent specifically to malignant
cells, their work demonstrates that CdS-
capped MCM-41 nanospheres can be nonre-
active biocompatible hosts for various
molecular species.

—Nancy K. McGuire ◆

Wee Wires
Two recent papers by F. Albert Cotton
and colleagues at Texas A&M University
(www.tamu.edu) and Sun Yat-Sen Univer-
sity (www.zsu.edu.cn/english/main.htm)
have reported progress toward developing
what the researchers call the reductio ad
ultimum for a wire—a chain of single-metal
atoms that can provide a conductive path
for electrons with a proportionally thin
layer of insulation surrounding it.

The “wirelike” attributes of a wide range

of compounds, including polyalkynes,
carbon nanotubes, and DNA, have been
studied in depth for some time—toward
the grand goal of constructing devices
running on nanoscale circuitry. Cotton’s
group approaches the problem as a more
literal extension (or, more accurately,
contraction) of everyday macroscopic wire,
which is basically a small piece of metal
covered with organic insulation.

In previous work, they reported that a
trinickel compound with a dipyridylamide
ligand, Ni3(dpa)4Cl2, a nonconducting mole-
cule that does not contain metal–metal
bonds, can be oxidized to form a structure
that fits their wire model with Ni–Ni
bonds enclosed in the organic ligand. This
presents the possibility for a molecular elec-
tronic on-off switch that can be controlled
by an applied oxidation potential.

The researchers confirmed the forma-
tion of metal–metal bonds with X-ray crys-
tallography, which showed decreased Ni–Ni
distances upon oxidation that, they say,
can only be explained by the formation
of bonds, as well as NMR and magnetic
susceptibility measurements that gave
results that “were indicative of a change
of electronic structure that would cause an

insulator–conductor transformation.” 
The problem, according to the scientists,

is that this oxidation process requires a rela-
tively high redox potential and the prod-
uct is only stable at temperatures well below
room temperature. In their more recent stud-
ies, however, they found that by simply
adding electron-donating ethyl groups to
the ligand the oxidation barrier could be
significantly decreased and the product suffi-
ciently stable for real-world applications.

Specifically, Ni3(depa)4Cl2, where two
ethyl groups have been added to the pyridy-
lamide ligand, can be oxidized using
130-mV less potential than is needed for
the nonethylated version (Inorg. Chem.
2003, 42, 3595–3601). And the product,
Ni3(dpa)4(PF6)3, appears to be indefinite-
ly stable at room temperature. They have
also shown similar improvements in anal-
ogous pentanickel chains (Inorg. Chem.
2003, 42, 3534–3539). Furthermore, in both
cases, there was a marked solubility increase
for the ethylated compounds.

For now, they say, this work “represents
a significant step toward making molecule-
scale devices from polypyridyl complexes
an achievable reality.”

—David Filmore ◆
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Science Bits
Biofuel cell. Scientists from the Hebrew
University of Jerusalem (www.huji.ac.il/
unew/main.html) developed what they
say is the first example of an electro-
chemically switchable and tunable bio-
fuel cell. The cell is based on the biocat-
alyzed oxidation of glucose (J. Am. Chem.
Soc. 2003, 125, 6803–6813). 
Greener epoxides. Researchers at the
University of Tokyo (www.u-tokyo.ac.jp)
and chemical manufacturer Nippon

Shokubai (www.shokubai.co.jp/english/
e_index.htm) reported a catalytic process
for epoxide production using hydrogen
peroxide as an oxidant, which is a less
corrosive alternative to the widely used
noncatalytic chlorohydrin process. Unlike
many H2O2 transfomations, this reaction
avoids production of molecular oxygen,
an explosion hazard (Science 2003, 300,
964–966). 
Nano toughness. Researchers at the Max
Planck Institute for Metals Research
(http://wwwmf.mpi-stuttgart.mpg.de) and

the University of Leoben (www.unileoben.
ac.at/welcome_en.html) have concluded
that nanocomposite materials such as
bones and teeth become insensitive to
structural flaws at a specific critical nm-
scale length (Proc. Nat. Acad. Sci. U.S.A.
2003, 100, 5597–5600).
Combichem conference. ACS (chem
istry.org) will hold its next ProSpectives
conference at Lansdowne Conference
Center in Leesburg, VA, September 21–24.
The topic will be “Combinatorial Chem-
istry: New Methods, New Discoveries”.

An oxidation reaction leads to a wirelike structure. (Adapted with permission from Berry,
J. F. Inorg. Chem. 2003, 42, 3595–3601).
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