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Our most important contribution to the ARM-UAV (Atmospheric Radiation
Measurement - Unmanned Aerospace Vehicle) program is our analysis of the aircraft
observations taken during the Atmospheric Radiation Measurement Enhanced Shortwave
Experiment (ARESE). We analyzed aircraft measurements and compared these to
computations made from a 3-D radiative transfer model (SB3D) that was partially
developed under the UAV program.

The 3-D radiative transfer model was enhanced and modified to be a research tool for
analysis of future UAV missions. The enhancement includes extending the spectral range
of the model from 0.25 to 50 urns. Additionally, an ocean surface component has been
added to that includes ocean waves, foam, and ocean column microphysics. This
component provides a much more accurate characterization of the ocean BDRF for
analyzing reflectance measurements over the ocean made by the UAV. A copy of the
user manual is attached.

The first part of this analysis was to determine if theoretical calculations of atmospheric
column absorption of solar radiation in the presence of clouds matched observations. This
analysis included both spectral and broadband fluxes. The second part of the analysis was
to analyze the spectral signature of the absorption in order to develop potential physical
processes that could explain the discrepancy between observations and models.

Our primary findings for the data analyzed is that broadband solar radiation absorption is
underestimated in theoretical models. The difference we found when using the spectral
measurements as a guide for our broadband computations is about 20 W m-2. This value
is much less than that found by investigators using broadband measurements, but still
significant. From the spectral comparison, we identified three potential causes for the
discrepancy we found. The most dominant is related to the difficulty of pararneterizing
aerosols in radiative transfer models. By reducing the single scattering albedo and
asymmetry factor of aerosols in our model we were able match the spectral observations
in the visible. A second cause is that the silicon detectors used in instruments
underestimate the flux near 1.06 urn leading to erroneous estimates of atmospheric
absorption. Our analysis showed that unresolved 02-02 dimers in this spectral range
could not account for the discrepancy. Finally, we demonstrated that cloud droplets
required a three-fold increase in cloud albedo to match spectral measurements in the
near-infrared region. We modified the droplets by introducing soot in the droplets but
showed that the absorption in the visible would be to high for soot to provide the
explanation for the cloud absorption anomaly.
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Ill. Electrochemical Experiments.

Electrochemical measurements were carried out in a conventional three-
electrode electrochemical cell consisting of the nanostructured workingelectrode,
and a Li metal counter and reference electrode. The electrolyte was 1 M LiC104
in a 30:70 (v/v Yo) mixture of ethylene carbonate and diethyl carbonate (). Both
constant current discharge experiments and cyclic voltammetry was done for all
electrode materials studied.

IV. Key Results.

The key findings of these studies are as follows: In all cases the nanostructured
electrode showed better rate capabilities than a corresponding control electrode,
which was a thin-film electrode composed of large (micron-sized) pafi)cles of the
same electrode materials. Specifically, the nanostructured electrode delivered
higher capacity (i.e., a greater percentage of the theoretical capacity) at high
current densities than the control electrode. This is shown in the following figure
for the Sri-based electrodes.
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Two very remarkable things should be noted. First, the ratio of the discharge
capacities becomes enormous at high discharge rates. It can be seen from this
figure that the nanostructured electrode material delivers two orders of
magnitude higher capacity than the control material at the highest discharge
rate. Second, the discharge rates achievable by the nanostructured material are
nothing short of amazing. To my knowledge, there is no other example in the
literature of discharging an electrode material at a rate of 80 C. To calibrate the
reader, the Li-ion batteries in a typical laptop computer discharge at rates well
below 1 C.

The second general feature observed with the nanostructured materials is
that the improvement in the rate capabilities scales inversely with the distance
the Li+ must diffuse within the nanoparticle. The shorter the distance of diffusion
in the material (slow solid-state diffusion) the greater the enhancement in rate
capabilities. This is shown for the LiMn204 electrodes in the figure below.
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The further the discharge curve proceeds horizontally along” the y-axis (the
capacity axis) before the curve turns sharply downward, the greater the capacity
of the material. We see that the smallest diameter nanostructured electrode
delivers the highest capacity.

V. The Future.

We are continuing our investigations of these interesting nanostructured
electrodes. We would like to know what the maximum achievable enhancements
in rate capabilities are and what determines this maximum. Clearly the role of
electronic conductivity of the material must ultimately be considered because the
electronic resistance of a nanofiber increases with decreasing diameter of the
nanofiber. We will also explore the issue of self-discharge of these
nanostructured materials. Finally, our experiments to date have been half-cell
experiments. We would like to make full-cells consisting of both nanostructured
anode and cathode materials.
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