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U p d a t e

An Erasable Rainbow
Imagine using a light pen to draw a
multicolored picture on a sheet of e-paper,
then erasing the picture and drawing anoth-
er one. The local office supply store does
not carry these products yet, but a group
of researchers from several Japanese univer-
sities and corporations have made a start.
The Ag–TiO2 films made by the team led
by Akira Fujishima from the University of
Tokyo change to red in response to red
light, green in response to green, or blue
in response to blue (Nat. Mater. 2003, 2,
29–31). This differs from typical photo-
chromic materials, which change color
monochromatically, requiring several layers
of different materials to achieve poly-
chromatic displays, smart windows, or opti-
cal storage media. 

The new films are prepared by spin-
coating a pre-irradiated suspension of TiO2
powder in ethanolic AgNO3 solution onto
a glass plate, followed by further UV irra-
diation to reduce the Ag+ to Ag. The result-
ing films, consisting of silver nanoparti-
cles recessed in the pores of a TiO2 matrix,
are brownish-gray until they are exposed
to visible light, which produces a bleach-
ing effect. Bleaching was accelerated in an
oxygen atmosphere, but not observed under
a nitrogen atmosphere. The authors
conclude that the oxygen is an electron
acceptor for the photoexcited silver
nanoparticles. 

Irradiating the films with monochro-
matic light (450, 500, 550, or 600 nm) from
a xenon lamp caused a gradual decrease
in light absorption near the wavelength
of the incident light, causing the film to
reflect the same color as the incident light.
The figure shows spots produced using a

5-min exposure. The spots lasted for 2 h
under a conventional fluorescent lamp and
at least 12 h in the dark. Exposing the
film to UV radiation returned it to its orig-
inal color. Laser irradiation produced sharp-
er “absorbance holes”, which decayed by
20% after 30 minutes under a fluorescent
lamp or after one day in the dark. Increas-
ing the amount of silver in the film extends
the duration of the colored regions.

The authors speculate that silver parti-
cles of various sizes and shapes form with-
in the pores of the matrix. The surface elec-
trons of each particle exhibit a characteristic
plasmon resonance, which produces a char-
acteristic color.

—Nancy K. McGuire ◆

Humic Membrane
Understanding the transport mechanisms
and fate of pollutants such as metals
and hydrophobic organics in soil is vital
to reducing their deleterious effects and
cleaning them up. Humic substances, a
segment of soil components generally
defined as brown and black heterogeneous
macromolecules with unknown structures
(see “Digging in the Dirt”, Today’s Chemist
at Work, June 2002, pp 33–37) are known
to play an important role in these process-
es. However, detailing the function of
these materials in metal transport inde-
pendent of the rest of the complex soil
matrix has often been difficult. Scientists
from the Notre Dame Radiation Labora-
tory and Indiana University Northwest
(Gary) recently described the assembly of
humic substance thin films as a poten-
tially effective medium for isolating their
effects (Environ. Sci. Technol. 2003, 37,
761–765).

The films were fabricated using a one-
step electrophoretic approach in which
humic acids—that is, the humic fractions
not soluble in water at low pHs—isolated
from the Suwanee River were dissolved and
placed in a cell between two glass elec-
trodes. An applied electric field drove the
material, which has a large negative surface
potential, toward the positive electrode
and caused it to deposit on this surface.
The result was a stable thin film fabricated
over several minutes—the rate of depo-

sition could be controlled by varying the
field voltage and/or the humic acid
concentration.

Tapping mode atomic force microscopy
(TM-AFM) illustrated a porous membrane
with particle size distributions ranging
mostly between 40–60 nm, with several
larger aggregates also observed. Howev-
er, TM-AFM showed that longer deposi-
tion times, up to 12 min, cause the forma-
tion of larger particle sizes and more
closely packed particles, indicating more
uniform deposition.

As an initial demonstration, the
researchers incorporated ferrocene (Fc)
into the humic acid film. After immers-
ing the film in Fc solution and washing
away unbound material, cyclic voltam-
metry (cv) measurements on the mem-
brane clearly showed reversible Fc0/Fc+

oxidation signals. The linear dependence
of the peak current on the scan rate
confirmed that the Fc0/Fc+ redox reaction
occurs within the humic acid membrane,
according to the researchers. Currently,
the team is performing more experiments
to attain conclusive information on the
mobility of electroactive species like Fc,
but just from observing the cv peaks, they
were able to make some observations about
the distinct natures of transport of the
oxidized and reduced Fc within the film.

These types of membranes, say the
authors, could be helpful tools in study-
ing the effects of pH and ionic strength—
conditions that influence humic substance

Multicolored Ag–TiO2 film. (From Nature
Mat. 2003, 2, 29–31. Copyright 2003
Nature Publishing Group.)

Three-dimensional AFM image of a humic
acid film after 12 min of electrophoretic
deposition. (From Environ. Sci. Technol.
2003, 37, 761–765.)



properties significantly—on the transport
and interactions of ionic pollutants.

—David Filmore ◆

Spinning Nanofibers 
Long and narrow biomimetic fibers woven
into mats could function as valuable
substrates for wound healing in dressings
and blood clotting in hemostatic bandag-
es. Standard attempts using collagen and
a variety of biocompatible polymer mate-
rials have failed to produce sufficiently
appropriate biomimetic scaffolds. These
fibers have diameters in the range of 10 µm,
and this large size (compared with natural
extracellular matrix fibers at 50–150 nm)
presents unfortunate biological properties,
including the tendency to produce an
inflammatory response.

To get around the size issue, researcher
Gary Wnek and colleagues at the Virginia
Commonwealth University (Richmond)
developed a means of electrospinning fibers
of fibrinogen, a blood plasma protein
that has been shown to play a key role in
wound healing, to produce a variety of
desirable architectures potentially appro-
priate as dressings and bandages. Specifi-
cally, they produced randomly oriented
woven fibers with diameters averaging 80
± 30 nm (Nanolett. 2003, 3, 213–216).
Human or bovine fibrinogen suspended
in solution was processed into a mat struc-
ture capable of being wetted, but not solu-
bilized, in normal saline. 

Their electrospinning technique pulled
the fibrinogen solution from a syringe oper-
ating at a pump speed of 1.85 mL/h. The
syringe needle was attached to the cath-
ode of a high-voltage power supply. As the
solution was extruded through the needle,
the solvent evaporated, and the condensed
fibers were drawn toward a rotating ground-
ed target on which the fibers were deposit-
ed and spun to form mats. The researchers
produced mats about 100 µm thick, but

suggested that other dimensions could be
produced by varying the length of depo-
sition and spinning time and volume of
the material processed.

The 80-nm fibers (as observed by SEM)
were typical of native polymerized fibrino-
gen formed in plasma clots. The mats had
a very high surface-to-volume ratio—a plus
for use in biomedical applications. The
researchers speculate that the ability to
produce such nanofibers could enable the
future production of a wide variety of
biomimetic substrates (including mixed
materials, such as collagen woven with
fibrinogen) for tissue engineering and
wound control. 

—Mark S. Lesney ◆
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Photograph of an electrospun bovine
fibrinogen mat that is approximately 
6 � 6 cm with a thickness of 0.7 mm.
(From Nanolett. 2003, 3, 213–216.)

Science Bits
A laser-induced fluorescence method
for real-time in situ characterization
of polycyclic aromatic hydrocarbons in
submerged freshwater sediments was
developed at the University of Wiscon-
sin (Milwaukee) for shipboard opera-
tion (Environ. Sci. Technol. 2003, in
press) . . . Scientists from Corning Inc.
(Corning, NY) developed new microm-
eter-sized identification tags, or
barcodes, from glass beads doped with
rare earth metals (Proc. Natl. Acad.
Sci. 2003, 100, 398–393) . . . A new
model for simulating three-dimen-
sional crystal growth was demonstrat-
ed by researchers from Queen’s Univer-
sity (Kingston, Ontario) for studying
the effects of antifreeze proteins on ice-
crystal formation (J. Am. Chem. Soc.
2003, 125, 729–737) . . . Princeton
University (Princeton, NJ) chemists
developed a computer program that is
the first simple example of a mathe-
matically rigorous method for opti-
mizing the design of multifunctional
composite materials (Princeton press
release) . . . Scientists from Rice Univer-
sity (Houston) reported solvent-free
techniques for the functionalization of
carbon nanotubes, a process that
normally requires approximately 2 L
of solvent/gram of material (J. Am.
Chem. Soc. 2003, 125, 729–737) . . .
Keio University (Yokohama, Japan)
researchers have reported the first elec-
troresponsive phenylazomethine macro-
cycles with highly preferential forma-
tion and regular molecular packing (Org.
Lett. 2003, 5, 345–347).


