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1:40pm  EN+AS+TF+VT+NC-WeA1  Continuous, In-Line Processing 
of CdS/CdTe Devices, W.S. Sampath, Colorado State University, R.A. 
Enzenroth, K.L. Barth, AVA Solar Inc., V. Manivannan, Colorado State 
University, K. Barricklow, P. Noronha, AVA Solar Inc. INVITED 
A continuous, in-line process suitable for high throughput manufacturing of 
CdS/CdTe photovoltaic devices has been demonstrated. Utilizing this 
process, devices with efficiencies of 13% has been fabricated with a low 
iron soda lime glass (3”x3”) with ant-reflection coatings. The process has 
been extended to large area devices (16” x16” substrate size). After CdCl2 
treatment, devices showed Voc > 700 mV and Jsc > 20 mA/cm2. This 
performance is similar to the performance of small area devices which 
showed good stability. Also we have employed many methods including 
Spectroscopic Ellipsometry (SE) as a non-destructive tool to characterize 
CdS/CdTe heterojunction specifically studying the effects of processing on 
the optical properties of the thin-film layers. 

2:20pm  EN+AS+TF+VT+NC-WeA3  Molecular Dynamics and 
Experimental Investigations of Reversible Absorption of H2, CH4, and 
CO2 in Calixarenes, J.L. Daschbach, P.K. Thallapally, B.P. McGrail, L.X. 
Dang, Pacific Northwest National Laboratory 
Molecular solids based on calix[4]arenes have been shown to exhibit 
reversible absorption of small gas molecules, and remain stable, at 
temperatures above 400 K. As such, they are interesting as prototypical 
molecular systems for storing guests like hydrogen and methane, and 
potentially selectively trapping carbon dioxide in hydrocarbon based 
systems. We have conducted high-pressure and temperature gas absorption 
experiments with low density p-tert-butylcalix[4]arene (TBC4) in which 
calixarenes are slightly offset to form a skewed capsule with an estimated 
free volume of 235 Å3. Hydrogen and methane absorption near 300 K were 
1.0 and 2.2 wt% respectively. Carbon dioxide is absorbed at a 1:1 loading 
per TBC4 molecule at 3 atm. In recent work we have shown that the high 
density form of TBC4 will absorb CO2 at 3 atm, undergoing a phase 
transformation in the process, and it can be reversibly cycled between these 
states using moderate combinations of temperature and pressure. Somewhat 
surprisingly, we have found that TBC4 can be loaded with up to two CO2 
per TBC4 molecule. We have used empirical molecular simulation 
techniques to study the dynamics of CO2 and CH4 in TBC4. The rattling 
motion of the absorbed small molecules have been characterized using 
velocity autocorrelation. The coupling to the host lattice is probed by 
temperature dependent calculations. The effects of increased loading are 
studied up to the 2:1 loading of CO2, and clearly show differences in the 
host-guest coupling for molecules outside the cavities relative to the cage 
entrapped molecules. The free energy of absorption of CH4 and CO2 is 
studied under range of conditions by thermodynamic integration. These data 
support the experimental observations that these molecules can be 
reversibly absorbed at moderate pressures and temperatures. 

2:40pm  EN+AS+TF+VT+NC-WeA4  Sustainable Energy and the Role 
of Advanced Electron Microscopy, D.J. Stokes, B. Freitag, D.H.W. 
Hubert, FEI Company, The Netherlands 
Advanced electron microscopy, using the latest aberration-corrected and 
monochromated (scanning) transmission electron microscopes (S/TEM) is 
helping to bring new scientific and technological insights that are advancing 
progress in areas such as health, energy and the environment. Specifically, 
with global energy resources under increasing pressure, great efforts are 
being made to develop new nanomaterials that will lead to renewable 
energy sources and increased efficiency, to sustain energy supplies into the 
long term future whilst helping to preserve and protect the Earth’s 
environment. To get there, we are being taken to atomic realms such that, to 
tailor new nanomaterials for specific functions, it is essential to precisely 
understand, accurately control and truly visualize structure-property 
relations at an unprecedented level. The atomic structure of nanomaterials 
and the energy needed for their function can be optimized by the 
fundamental understanding of catalytic behavior of nanoparticles and by a 
better understanding of the physical properties on the atomic level of 
systems such as solar cells, fuel cells and light sources (LEDs). This 
requires advanced tools that allow us to see down to the individual atoms 
and sense their chemical environment. It means having the ability to 

perform experiments in situ, to follow specific chemical reactions and 
physical processes, and there is a need to be able to do this in multi-
dimensions, both spatial and temporal. We discuss and demonstrate the role 
of advanced electron microscopy in answering some of the most 
challenging and fundamental scientific questions in the field of catalysis, 
ranging from electron tomographic 3D reconstruction of the crystal facets 
of catalyst nanoparticles and aberration-corrected imaging correlated with 
density functional theory for elucidating precise atomic positions, to in situ 
studies of catalytic reactions for visualization of otherwise unseen 
intermediate nanostructures. These examples relate the nanostructures 
investigated to the property manifested by that particular structure, enabling 
us to gain new information about catalytic function. 

3:00pm  EN+AS+TF+VT+NC-WeA5  Investigation of Low 
Temperature-Annealed TiO2 Electrodes Prepared by Sol-Gel 
Technique for the Fabrication of Dye-Sensitized Solar Cells, M.F. 
Hossain, S. Biswas, M. Shahjahan, A. Majumder, T. Takahashi, University 
of Toyama, Japan 
Dye sensitized solar cells (DSCs) are considered as a low cost alternative to 
conventional p-n junction solar cell devices. The high light-to-energy 
conversion efficiencies achieved with dye sensitized solar cells (DSCs) may 
be attributed to the nanoporous TiO2 electrode. Among the various 
techniques for the preparation of TiO2 photo-electrode, the relatively simple 
sol gel method is the most widely used because of its ability to obtain films 
with tailored properties on large, curved substrates, and also it is a low 
temperature process. Crystallinity is one of the key factors behind the 
photovoltaic performances of TiO2; therefore achievement of better 
crystallinity at relatively low temperature is an important issue. In our 
present study, the titanium dioxide porous films were deposited on SnO2:F 
coated glass by sol–gel technique; where, an alcoholic solution of tetra-
buthylorthotitane was hydrolysed in a water/alcohol/acetic acid mixture. 
These films were transparent and crack free. For this investigation; 
annealing temperature and number of coating layers were varied. All the 
films were annealed at different annealing temperatures, ranging from 350 
to 500°C. Sufficiently good crystalline samples were obtained by annealing 
at 350°C. The X-ray diffraction patterns of all TiO2 films confirmed the 
anatase structure. The surface morphology of the films has been observed 
by atomic force microscope and field emission scanning electron 
microscope. The morphology of TiO2 thin films strongly depends on 
annealing temperatures and number of coatings. Incident photon-to-current 
conversion efficiency is calculated for all the solar cells with different TiO2 
thin films to evaluate the economic viability of this technique. It has been 
observed that the photoelectric conversion efficiency of DSCs increases 
with the optimization of annealing temperature as well as with the increase 
of the numbers of layers. 
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