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employs a yttrium-stabilized zirconia
(YSZ) electrolyte, kept thin (5–10 µm) to
reduce ohmic losses at lower tempera-
tures and supported by a planar Ni-YSZ
anode (0.5 mm thick). However, cell per-
formance of such SOFCs may suffer at
intermediate temperatures because of the
reduced electrochemical activity of the
cathode. Researchers S.P. Simner, J.F.
Bonnett, N.L. Canfield, K.D. Meinhardt,
V.L. Sprenkle, and J.W. Stevenson investi-
gated the use of La-ferrite and La-nickelite
cathode compositions, rather than the
much-researched La cobaltite, to facilitate
matching of the coefficients of thermal
expansion (CTEs) between the cathode
and other cell components (thus enhanc-
ing thermal cycling characteristics) and to
reduce chemical interactions. Cobaltites
are well known for their high CTE and
reactivity with YSZ to form electrically
insulating zirconate phases.

As described in the July issue of Electro-
chemical and Solid-State Letters, the re-
searchers prepared La0.8Sr0.2FeO3–δ(LSF-20),
La0.7Sr0.3Fe0.8Ni0.2O3–δ(LSFN-3020), and
LaNi0.6Fe0.4O3–δ(LNF-6040) in addition to a
mature interlayer material, Ce0.8Sm0.2O1.9
(SDC-20) to be incorporated between the
cathode and YSZ electrolyte. Sintering
temperatures were optimized for each
cathode: LSF-20 (1150°C for 2 h), LNF-6040
(1200°C for 2 h), and LSFN-3020 (1150°C
for 2 h). Power densities were based on a
screen-printed cathode with a diameter of
22 mm. Current-collection was achieved
by the use of screen-printed platinum
grids with embedded platinum gauze for
the cathode and screen-printed NiO grids
with embedded Ni gauze for the anode.

Despite its lower electrical conductivi-
ty, as compared with LNF-6040 and
LSFN-3020, LSF-20 exhibited the highest
cell performance at each temperature
(850–950 mW/cm2 at 750°C and 0.7 V).
The researchers suggest that possible rea-
sons for this result might be that LSF-20
has a greater activity for the reduction of
oxygen or that its finer grain size can cat-
alyze the reduction of oxygen through
greater surface area. An interesting obser-
vation, unresolved at this time, is a power-
density performance increase during the
first 40 h of operation that levels off by 200
h and remains constant after that until
the end of the test at 300 h. CTEs for the
new cathode materials showed that LSF-
20 had the best match with the anode
while the others had slightly higher val-
ues. Thus, LSF-20 shows comparable per-
formance to higher-temperature cathodes
while resisting cell delamination by
matching the CTE of the anode.

DONALD CARTER

Magnesium Diffusion in Silica
Enhanced by Na and Retarded by Al 

Silica-forming ceramics can be beset by
certain cations present in the ceramics
either as impurities or as sintering addi-
tives. Both alkali and alkaline-earth cations
are known to break the silica network
structure, allowing nonbridging oxygen
anions to form, thereby weakening the sil-
ica network. For example, researchers
have learned that in NBD 200 silicon
nitride, a commercial ball-bearing ceramic
pressed with ~1 wt% magnesia, sodium
impurities are responsible for increased
oxidation, compared with other sodium-
free magnesia-containing silicon nitrides.

Aluminum surface alloying by implanta-
tion results in a marked improvement in
oxidation resistance in the NBD 200. This
may be due to the ability of intermediate
cations (including aluminum) to convert
non-bridging oxygen anions back to
bridging ones. Consequently, Priya
Mukundhan and Henry Du at Stevens In-
stitute of Technology, and Stephen
Withrow at Oak Ridge National Labora-
tory, have implanted fused silica platelets
with combinations of sodium, magne-
sium, and aluminum at room temperature
to definitively study their interactions.

As reported in the June issue of the
Journal of the American Ceramic Society, the
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researchers annealed the samples in 1 atm
flowing oxygen at 900°C. Following the
implantation with one, two, and then all of
the elements, secondary ion mass spec-
trometry depth profiles were taken of both
the annealed and unannealed samples.
The researchers found that when magne-
sium was implanted on its own, it did not
diffuse after annealing. They also found
that the magnesium moved most when it
was co-implanted with just sodium, and
less when aluminum was also implanted.
The researchers said, “These findings cor-
roborate the roles of sodium, magnesium,
and aluminum in the oxidation behavior
of NBD 200 silicon nitride ceramic.” 

PAMELA JOHNSON

Protein Promotes Nucleation 
in Water Microdroplets

Ice crystallization in micro-sized water
droplets plays an important role in
nature. Researchers at the National
University of Singapore have made a
quantitative measurement of the interfa-
cial effect of impurities on ice nucleation
kinetics. Using microdroplet suspension
to minimize the effects of the container
and foreign particles, Du Ning and
X.Y. Liu found that the protein lysozyme
promotes freezing as a result of its effects
on the interfacial kinetics of nucleation.
The crystallization of microdroplets has
significant implications for natural
processes or systems such as climatic sys-
tems and the freezing and antifreezing
processes within plants and animals. 

As described in the July 15 issue of
Applied Physics Letters, a 0.4-µl droplet of
deionized water was suspended between
two layers of oil of different densities. To
study the nucleation kinetics, the re-
searchers measured the amount of time it
took for an observable amount of the new
phase to appear at several different tem-
peratures. This induction time included
both the time for crystals to nucleate and
the time for them to grow to an observable
size. However, because ice crystals grow
much faster than they nucleate, the
growth time can be neglected, and the
time measured in the experiment was con-
sidered to be the nucleation time only. 

At a constant nucleation rate, a smaller
water droplet has a longer induction time.
In bulk water, a small change in volume
during the experiment has a negligible
effect, since the total volume is so large.
However, for microdroplets, the change
in volume can double the induction time.
The researchers included the size effects
by multiplying the induction time by the
volume of the water droplet, allowing a
precise and reproducible measurement of
the nucleation kinetics. The effects of pro-

atoms in the silica pore walls by low-
angle x-ray diffraction, transmission elec-
tron microscopy, and UV- and Fourier
transform infrared spectroscopy.

The researchers examined the thermal
stability of the films in the temperature
range of 450–1000°C. After annealing at
temperatures above 450°C, amorphous
titania converts to anatase and, later on
(at 800°C), to rutile. The research team
concluded that the proposed approach
opens the way to a variety of meso-
structured mixed metal oxides.

ANDREI A. ELISEEV

Spontaneous Emission from
CdSe/CdS Core–Shell Quantum
Dots Modified in the Presence 
of a SiO2/Si Interface

The ability to precisely control the optical
and electronic properties of nanomaterials
by simply changing their size has led to
potential application of these materials in
areas such as biological chips, solar-energy
conversion, catalysis, and light-emitting
diodes. The desire for greater understand-
ing of the properties of these unique mate-
rials has spawned further research. A
group of researchers led by Min Xiao in the
Department of Physics at the University of
Arkansas has demonstrated a method to
control the photoluminescence (PL) intensi-
ty of CdSe nanocrystals by adjusting their
position with respect to a SiO2/Si interface.
They studied the spontaneous-emission
lifetime of CdSe/CdS core–shell quantum
dots as a function of distance between the
dots and a polished Si surface. The re-
searchers observed a damped oscillatory
behavior in the lifetime of the PL as the
separation distance between the nano-
materials and the surface was increased.
According to Xiao, “Control of sponta-
neous emission from semiconductor
structures may be useful in future appli-
cations of optoelectronic devices.”

As described in the July 15 issue of
Optics Letters, the researchers used CdSe
nanocrystals, 4 nm in diameter and passi-
vated with a CdS shell, to increase the PL
efficiency of the materials. The nano-
materials were added to a solution of
poly(methyl methacrylate) and spin-
coated onto a layer of SiO2 thermally
grown on a silicon wafer. The thickness
of the SiO2 layers was varied between
20 nm and 400 nm. The researchers then
excited the CdSe film with 400-nm laser
radiation and measured the PL intensity
decay at 605 nm through the use of a
time-correlated photon counting system.

The researchers found that the sponta-
neous-emission lifetime showed a
damped oscillatory dependence on the
separation distance between the nano-

teins on ice nucleation kinetics was also
studied.The researchers found that the
addition of lysozyme at 0.05 wt% to the
droplets had two effects. First, it raised the
energy barrier for removing impurity
molecules from the surface, which inhibit-
ed nucleation. Second, the lysozyme de-
creased the interfacial free energy. This
made the nucleation time increase less
rapidly with the supercooling temperature
and promoted nucleation. Because this lat-
ter effect is dominant, the net effect of the
lysozyme is to promote nucleation.

ELIZABETH A. SHACK

Possibility of the Formation 
of Mesostructured Silica Titania
Mixed-Oxide Thin Films with 
High Titania Load Demonstrated 

The ability to prepare mesostructured
thin films is a prerequisite to the imple-
mentation of many technological applica-
tions such as sensors, catalysts, and
microelectronics. A group of researchers
at the Institute of Materials Chemistry
within the Vienna University of Techno-
logy, Austria, and the Advanced Ma-
terials Laboratory at the University of
New Mexico has developed a method for
the morphology-controlled synthesis of
mesostructured silica titania mixed-oxide
thin films with a high titanium load (Si:Ti
ratio as high as 5:1) and good distribution
of titanium atoms in the silica pore wall.

As reported in the June 17 issue of
Chemistry of Materials, Nicola Hüsing of
Vienna and co-workers used a titanium-
coordinated surfactant as a structure-
directing agent in their rapid and continu-
ous technique for the formation of meso-
porous silica titania mixed-metal-oxide
thin films. The underlying principle is
based on the evaporation-induced self-
assembly of a modified amphiphile in
combination with simultaneous sol-gel
processing of the inorganic species. The
researchers used the hydrophilic head
group of oligo(ethylene oxide) alkyl ether
surfactants {Brij56 [C16H33(OCH2CH2)10
OH]/Brij92 [C18H35(OCH2CH2)2OH]} for
coordination to the titanium alkoxide.
The thus-modified surfactant performs
two essential functions, acting as both a
structure-directing agent and a coordi-
nating ligand to lower the reactivity of
the titanium alkoxide. 

Deposition of the thin films was per-
formed by a dip-coating method from the
sol. After calcination at 450°C for 3 h,
transparent, crack-free, and optically uni-
form silica titania films with a thickness
of 200–250 nm were obtained. The
researchers confirmed a well-defined,
ordered structure and a good distribution
of tetrahedrally coordinated titanium
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