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Processing Polymers
for Solar Cells
Electronically competent
polymers have a potentially
important role to play in the
development of low-cost
solar cells. Because π-conju-
gated polymers have a low
charge mobility compared

with inorganic semiconduc-
tors, ensuring both charge
separation and transport effi-
ciency is necessary to create
a cell that performs well.
These features must also be
coupled to adequate light
absorption, making a rela-
tively thin active polymer
layer with a high absorption
coefficient essential.

Development of such
polymers is problematic for
several reasons. One of the
most significant is the require-
ment that these compounds
be processed in solution for
easy construction of multilay-
er solar cells. This necessitates
the addition of solubilizing
groups. But unfortunately,

the presence of these uncon-
jugated solubilizing groups
tends to interfere with the
chromophores in the poly-
mer, limiting their light-
absorption capabilities.

In an attempt to address
this problem, researchers
Jinsong Liu and colleagues
at the University of Califor-

nia–Berkeley,
Lawrence Berkeley
National Labora-
tory, and Stanford
University recently
reported in the
Journal of the
American Chemi-
cal Society on their
development of a
polythiophene-
containing poly-
mer with thermal-

ly removable solubilizing
groups that was capable of
enhancing the performance
of polymer–titania hybrid
solar cells ( J. Am. Chem.
Soc., 2004, 10/1021/ja
047452m).

By using appropriate ester
groups for solubilization, the
researchers achieved a poly-
mer that released these groups
at relatively low temperatures,
leaving a carboxylic acid π-
conjugated polymer back-
bone. This polythiophene
backbone allowed for interfa-
cial interaction between the
polymer and TiO2 chro-
mophores, helping enhance
the interfacial charge-transfer
efficiency. 

The silver test cell (shown
above) consisted of a 50-nm
solid titania film deposited
onto a fluorine-doped tin
oxide substrate with a 5-nm
layer of the polymer spin-

coated onto the film, which
was then heated at 210 °C
to remove the solubilizing
groups. This now-insoluble
layer could have a 50-nm
layer of unfunctionalized
poly(3-hexylthiophene)
placed on it without being
disturbed by the organic
solvent. An 80-nm silver
top electrode completed the
“sandwich.” 

The presence of the modi-
fied polymer led to a three-
fold increase in photocurrent
compared with the control,
indicating that this technique
may have promise for
improving the production of
polymeric hybrid solar cells.

Mark S. Lesney

Fearless Moms:
A Matter of
Hormones?
One of the tightest bonds
among humans and animals
alike is the connection
between a mother and her
child, and most mammalian
mothers are known to go to
great lengths to protect their
offspring. According to

research recently published in
Behavioral Neuroscience,
mothers may actually have
low levels of a peptide, or a
small piece of protein
released in the brain, that
activates fear and anxiety
(Behavioral Neuroscience
2004, 118, 805–814).

Stephen Gammie, the
lead author of the paper,
commented, “There are
stories of cats rescuing their
kittens from burning build-
ings and birds swooping
down at people when their
chicks are on the ground.”
The biological mechanism
that actually turns on this
maternal aggression, as it is
commonly known, has been
the subject of very little
research. Gammie goes on
to say, “We’ve known for a
long time that fear and anxi-
ety decrease with lactation.
Maybe it’s this decrease that
allows mothers to attack in
a situation that normally
would evoke a fear response.”

Gammie and the other
researchers, working at the
University of Wisconsin–
Madison, studied the link
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between maternal aggression
in mice and levels of corti-
cotropin-releasing hormone
(CRH), a peptide in the brain
that controls behavior. Shortly
after giving birth, the new
mothers received injections
containing either one of three
doses of CRH or a saline solu-
tion containing none of the
peptide. After each injection,
the researchers returned the
mother mice to their pups
and, shortly after, introduced a
male intruder. 

Gammie and colleagues
noted that under normal
circumstances, female rodents
would brutally attack the
males. The study shows,
however, that only the mice
that received either no dose
or a low dose of the peptide
displayed the expected aggres-
sion, and as the levels of
CRH decreased, the number
and the length of attacks
increased significantly.

Interestingly, altering the
levels of the peptide appear-
ed to only affect maternal
aggression. Normal maternal
behaviors, such as nursing,
were not affected.

Felicia M. Willis

Microchannel-
Controlled
Polymerization
The production of polymeric
libraries is becoming ever
more important for develop-
ing test candidates for the
pharmaceutical industry
and in life science research.
Although recent improve-
ments in analytical technolo-
gy, such as micro-total analyt-
ical systems (µTAS), have led
to requirements for far less
material for screening, on
the production end, current
combinatorial synthesis
methods for polymers tend
to generate excess compound,
leading to significant waste
(on a 1–20-g scale), accord-
ing to Tao Wu and colleagues
at the Polymers Division of
the National Institute of
Standards and Technology.
In their recent paper in the
Journal of the American
Chemical Society (J. Am.
Chem. Soc. 2004, 10/1021/
ja048432n), the researchers
report the development of a
new synthetic method that
relies on a microfluidic
system for controlled poly-

merization to produce micro-
gram quantities.

To this end, they devel-
oped a microchannel reactor
using contact photolithogra-
phy of a thiolene prepolymer.
The device showed low
oxygen permeability and
good pressure stability—
important for sustaining
radical polymerization con-
ditions. It consisted of a
glass/resin/glass-layered struc-
ture with a single channel
(500 × 600 µm) containing
two channels and a mixing
chamber at the inlet, and
with a single outlet (see
figure). Atom transfer radical
polymerization of 2-hydroxy-
propylmethacrylate was used
to demonstrate the utility of
the reactor with regard to

control of kinetics of poly-
merization. According to the
researchers, the apparent rate
of polymerization and quality
of product were in good
agreement with standard
larger-scale batch reaction
results. Ultimately, the goal
of this research is to create
microchannel synthesis
methods that can easily link
to developing on-chip chro-
matographic and spectro-
scopic technology. This
should enable the creation
of complete and extremely
efficient packages—from
synthesis through analysis—
for polymeric libraries to be
produced in large numbers
using the least amount of
chemical resources and time.

Mark S. Lesney ◆

DNA Monolayers. Although
hybridization of short DNA
segments attached to surfaces is
routinely conducted in microarrays,
little is understood about longer-
chain DNA molecules tethered to
surfaces. To learn more about
attached long chains, researchers
at Columbia University in New York
have made films using poly(mer-
captopropyl methyl siloxane) and
have found that their technique
allowed DNA to be denatured
without losing the strands. They
also found that keeping certain
lower-density DNA strands re-
duced the interactions between
the strands. (J. Am. Chem. Soc.
2004, 10.1021/ja048415y)

Getting Nanotube Tips.
Carbon nanotubes are being used
as atomic force microscope (AFM)
tips because they have a high
aspect ratio in comparison to
pyramidal silicon tips. Liwei Chen
and colleagues at Harvard Univer-
sity are using carbon nanotube
tips to study the effects of tip size
and tip–sample interaction on the
observed resolution of the AFM.
This could not be done with sili-
con tips because each tip was
somewhat unique. Their results
suggest that quantitative imag-
ing should be conducted in the
AFM repulsive operation mode.
(Nano Lett. 2004, 10.1021/nl
048986o)

Better Ink Jet. Although ink-jet
technology is becoming a manu-
facturing tool, the dots made with
ink jets are not uniform once they
dry.When a drop hits a surface, the
solvent from the edge evaporates
first, drawing more solute to the
outside of the circle and creating
an uneven dot. To solve this prob-
lem, researchers at Eindhoven
University (Netherlands) investi-
gated ways to reduce this effect
and found that using a perfluori-
nated substrate and the nonvolatile
solvent acetophenone provided the
best results, although more inves-
tigation is needed to understand
the phenomena. (Langmuir 2004,
10.1021/la049469o)

VX on Concrete. Understanding
how long a chemical warfare agent
may be active is important for civil-
ian and military preparedness.
Researchers at the U.S.Army Edge-
wood Chemical Biological Center at
Aberdeen,MD,tested how long the
lethal nerve agent VX took to
degrade on concrete. Using 31P
NMR, different-sized drops of VX
were placed on different samples of
concrete.The study found that small-
er drops of VX degrade more quick-
ly than larger drops. However, VX
decomposed more quickly on fresh
concrete than on aged concrete,
which is believed to result from
fresh concrete’s higher pH. (Lang-
muir 2004, 10.1021/la036387b)

SCIENCE BITS

Microchannel polymerization reactor. Gray arrows illustrate direc-
tion of flow.


