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Abstract 
Currently, the understanding of the exact structure of a non-crystalline, metallic solid has been 

less than complete.  Traditionally, these solids have been labeled as “amorphous solids” because they do 
not exhibit any long-range orderliness within their atomic structures.  One can make the argument, 
however, that these non-crystalline, metallic solids are in a state of random close packing, and that they 
are actually comprised of pockets of highly ordered crystallites which are surrounded by regions of glassy 
state of irregularly positioned atoms.  This physical characteristic of a solid can be quantified by the 
degree of crystallinity, which we define as the fraction of crystalline atoms in a solid specimen.  The 
primary goal of this research project is to determine the first quantitative estimate of the degree of 
crystallinity for a randomly close-packed two-dimensional assembly of monodisperse macroscopic 
spheres as a model system.  In addition, we are interested in constructing a histogram of the population 
of crystallites as a function of their size. 

 It is important to study the atomic structuring of solids because the exact atomic configuration of 
a solid dictates the transport of atoms by thermal fluctuation, leading to determination of important 
thermophysical properties of material specimens.  Examples are: heat conductivity, thermal diffusivity, 
spectral emissivity, heat capacity, the thermal expansion coefficient, and so on.   It is, however, difficult to 
accurately determine the exact locations of a large number of atoms within a solid, due to the microscopic 
scales involved.  As a close analog, a macroscopic arrangement of high-precision steel bearing balls 
should be able to provide a good approximation of the exact mechanisms found in the microscopic world.  
The apparatus used consists of a 2-D cell, in which some 600 steel bearing balls of 2.48 mm in diameter 
can be assembled into a random close-packed state. An image is captured each time the beads are 
reassembled into a new randomly close-packed state.  It takes roughly 1015 atoms to cover an area the 
size of 1 cm2.  Repetitive assembly and imaging can provide the data approximating the randomly close-
packed state of non-crystalline alloy specimen.  It is also, in principle, possible to infer three-dimensional 
information from two-dimensional results.  

Due to the volume of data expected for this work, computer processing is deemed necessary.  
The programming was partitioned into algorithms for image recognition, followed by crystallite 
identification.  The image recognition entails determination of the coordinates of the centers of individual 
beads.  The digital image file is scanned horizontally, line by line, to draw a vertical line close to the center 
of each bead, followed by a vertical scan to obtain a horizontal line through the center of each bead.  The 
intersection of the two lines provides the approximate center of each bead.  A circle of bead radius is 
moved about the center to find the exact center of each bead by minimizing the error signal from the miss 
match of the circle and the image of each bead.  Crystallites are then searched using an algorithm which 
assembles a crystallite when every bead within the crystallite forms an equilateral triangle with at least 
two of its nearest touching neighbors. 

Individual crystallites are counted and classified by the number of beads in each crystallite to 
construct the histogram of the number of crystallites of a given size (in beads).  The resulting crystallite 
size distribution shows a functional form that increases steeply to the maximum value followed by a 
slower decrease with increasing crystallite size.  Very large occurrences of crystallites are seen at small 
crystallite sizes (crystallites of size 3, 4, or 5 beads) and the decrease in frequency of occurrence as the 
crystallites become larger (crystallites of size 10, 20, or 30 beads).  The preliminary crystallite size 
distribution obtained in this investigation shows that the degree of crystallinity in a two-dimensional 
assembly of randomly close-packed, monodisperse beads is about 64%. 
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The poloidal asymmetry of the fast particle distribution function, which has 

recently been observed in high density JET discharges, is investigated in simulations 
using the ASTRA integrated modeling code. The NUBEAM Neutral Beam Injection 
(NBI) Monte-Carlo package is used to follow the evolution of the fast particle 
distribution function for several JET discharges. Recent improvements to the interface 
between the ASTRA code and the NUBEAM package are described. The electron and 
ion NBI power deposition profiles, as well as the profiles for driven current densities, are 
computed using the NUBEAM module in ASTRA, the NUBEAM module in TRANSP, 
and the NBI Fokker-Planck module in ASTRA.  Profiles computed in these different 
ways are compared. It is demonstrated that the poloidal asymmetry of the fast particle 
density disappears in discharges with low line average density. The effect of trapped 
particles on the fast ion poloidal asymmetry is investigated. Simulation results are 
compared with JET experimental observations. 
 
* Student at Stony Brook U. supported during summer by NSF PHY 0353620 
 



A Hybrid Planar Patch Clamp System 
 

 
 
 
 

Christopher J. Barthol 

Advisors: Akwete Samkofi Bortei-Doku and Dr. Marvin H. White 

Sherman Fairchild Laboratory, Lehigh University, Bethlehem, PA-18015 

Funding: National Science Foundation, Research Experiences for Undergraduates (REU) program 

 

 

 

 

 

Abstract 

The gold standard for the study of ion channels is the patch clamp technique. The passage of ions 
through ion channels produces an electric current and plays a crucial role in cellular physiology. Ion 
channels are important drug targets and require extensive study. The patch clamping technique is a very 
expensive and labor intensive process which requires a highly skilled scientist, micromanipulators, a high 
powered microscope, micropipettes, large and costly amplifiers, and a vibration table. The process allows 
a scientist to take measurements only on a single cell at a time. Here we report on the setup of a hybrid 
planar patch clamp system for ion channel measurements. The setup requires no micromanipulation or 
visual control and can be scaled to make numerous simultaneous measurements. We use a newly 
redesigned test block to hold the silicon test chips and the cellular fluids in place. The block also holds 
electrodes which relay the channel current information to a labview program for real time data 
acquisition. To amplify the small ion channel currents, an on-chip amplifier has been designed which 
currently converts currents as small as 500 picoamps to 2 volts. The setup can be fine tuned into a single 
tabletop planar patch clamp system. 
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Nonlinear core to core coupling in triple core photonic crystal fiber was demonstrated as a result 
of high input intensity. These silica fibers have highly nonlinear behavior, unlike traditional silica 
fibers, due to their unique structure. This property makes them useful for many photonic 
applications such as switches, logic gates, and power splitters. Photonic crystal fibers are of 
particular interest for these applications because of the ease with which they can be 
customized.  

The fiber tested was a three pitch silica triple core fiber with 2.52µm pitch and an air hole 
diameter of 1.08µm in a triangular lattice. The cores were arranged in a line across the diameter 
of the fiber. Two experiments were performed on these fibers to test their nonlinear coupling 
properties.  

The first experiment aimed to directly test the impact of intensity on coupling. A Titanium-
Sapphire laser beam was coupled into the center core of the fiber, and the output pattern from 
the three cores was recorded with a CCD camera. Separate tests of this experiment used 
different filters to change the input intensity of the light source when it entered the fiber. Results 
showed that with increased light intensity, up to the critical power, the coupling length increased. 
At powers above the critical power, phase matching was lost between adjacent cores, so the 
light became confined to the center core.  These results matched with expected simulation 
results. 

The goal of the second experiment was to determine if the nonlinear refractive index change 
due to a high intensity Titanium-Sapphire pump beam at λ~800nm could modulate a low power 
diode signal beam at λ~1560nm.  The output pattern due to the low intensity signal beam 
launched into the center core was recorded both alone and after a high power pump beam was 
also coupled into the fiber. The results showed that light became more confined to the center 
core in the presence of the high power pump. Further experiments are needed to determine if 
the signal beam was modulated at 76MHz, the frequency of the pump beam.  

 

This work was supported by the International Materials Institute for New Functionality in Glass 
(NSF–IMI, DMR-0409588). 
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Abstract 
 

 The binary system V Sagittae is a nova like object, which has also been 
designated as a super soft x-ray and radio source. This system is of even greater interest 
because the quasi-static nuclear burning on the white dwarf is adding to its mass and 
should eventually push it to the Chandrasekhar limit, of a about 1.4 solar masses, which 
will result in a type Ia supernova explosion.  In this study ultraviolet spectroscopy from 
the Far Ultraviolet Spectroscopic Explorer satellite (FUSE), Hubble Space Telescope: 
Goddard High Resolution Spectroscope (HST: GHRS) and the International Ultraviolet 
Explorer (IUE) are discussed. No definitive photospheric absorption features were 
detected. Emission lines dominate all ultraviolet spectra. P-Cygni Profiles of the C IV, 
NV and O VI resonance lines show variable stellar wind with mean radial velocities 
ranging from 200 to 700 km/s. A weak P V resonance doublet is also present with a P-
Cygni profile. And the FUSE spectra reveal a rich interstellar line spectrum. In 
conclusion the binary probably consists of a hot white dwarf accreting matter from an 
evolving post main sequence star undergoing rapid Roche-lobe overflow. 
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Abstract: 

 Surface analysis of peptide-integrated sol-gel derived bioactive glass is a critical 

characterization step. X-ray photoelectron spectroscopy (XPS) was used to characterize 

the surface of RGD modified and unmodified bulk sol-gel.  XPS data was collected using 

the unmodified material, which can then be compared to XPS data collected using the 

peptide modified material to observe a shift in C 1s and N 1s peaks. The shape of these 

peaks can act as an indicator to show if the peptides in the glass have remained stable. 

Developing a bioactive glass with stable peptides integrated into the material is essential 

in improving the bioactivity of the material. This is due to the fact that the peptides would 

play a key role in modulating cell behavior such as growth and differentiation, so they 

would therefore aid in simulating an in vivo environment within the material. 
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Thermal and electrical forcing applied to a metallic alloy specimen affects its spatial distribution of 

constituent atoms, changing the composition profile, and thus affects its thermophysical properties. Therefore, the 
thermal history of the specimen influences the thermophysical properties.  By the equipartition theorem, raising the 
temperature causes the atoms to diffuse more readily, and when they approach the surface, they are attracted to their 
own image charge. To model this, we need to know what fraction of them is in the glassy state and in crystallites.  
Before proceeding to investigate the thermophysical properties of metallic alloys, we first examine the crystallite 
structures in the non-crystalline metallic alloys by macroscopic model experiment.  Our model consists of preparing 
different 2-D beds containing various mixtures of two different-size steel beads, as in a brass alloy composed of Zn 
and Cu atoms.  We have determined a distribution function of various crystallites as a function of size.  
  

Previous studies have determined the packing fraction M of randomly close packed beds of mono-disperse 
spheres.  John Berryman addressed the packing fraction question by deriving an equation for the lower bound to the 
cumulative probability N(R) that the nearest neighbor of a given particle is at some distance r in the range D ≤ r ≤ R, 
where D is the diameter of each sphere, and R is some arbitrary distance. He then defines RNN such that  
N(RNN) = 0.5.  He uses the parameter γ in his extrapolation method such that straight line plots of RNN/D vs 1/M 
may be identified, where M, the packing fraction, is defined so that MRCP = min {M: RNN (M) = D}.  From this, he 
finds MRCP ≈ 0.64±.02 in 3-D, whereas MCP = 0.7405.  In the 2-D case, the respective values are MRCP ≈ 0.82±.02 
and MCP = 0.9069.   

 
We have examined 2-D randomly close packed beds to identify the crystallites.  First, we prepared five 

different mixtures of binary beads.  The diameters of the two different beads are 2.48 mm and 3.22 mm, 
respectively.  After simulating a random close packing environment, we then obtained images of the arrangement of 
the beads in order to locate the crystallites and find the distribution function.  Our original plan was to create a 
computer program that could locate the centers of all the beads in the images. From that, the program could calculate 
the distances between centers of adjacent beads to find the crystallites, the distribution function, and the packing 
fraction.  But this approach had to be abandoned because our program could only read beads of one size, not binary 
sized beads; making the necessary corrections was deemed not cost effective given the limited time allotted for the 
investigation.  The centers of the beads in the images were marked by placing circles with a cluster of dots at the 
center of the images of individual beads.  We define a crystallite to be an arrangement of beads, where each bead is 
a member of a three-bead cluster; each side of the triangle composed of the centers of three adjacent beads are equal 
to the sum of the radii of the two respective beads that are in contact.  In addition, there cannot be any defects within 
a crystallite.  The size of a crystallite is then given by the total cross-sectional areas of the beads making up the 
crystallite.   Altogether 7457 crystallites have been identified in 100 images of 600-bead beds.  Five histograms have 
been constructed for the five different mixtures of two different size beads: i) 90% small beads (S) and 10% large 
beads (L); ii) 75% S/25% L; iii) 50%S/50%L; iv) 40% S/60%L; and v) 20% S/80% L. The degree of crystallinity, as 
defined to be the fraction of the beads that are in crystallites, has been found from each histogram for all of our 
mixtures: 0.486 for 90%S/10%L, 0.316 for 75%S/25%L, 0.307 for 50%S/50%L, 0.479 for 40%S/60%L, and 0.456 
for 20%S/80%L. We also found that the crystallite size distribution function rose rapidly to the maximal crystallite 
value (at the maximal crystallite size) and then decayed slowly as the crystallite size increased. The most frequent 
crystallite size for each mixture is as follows: 0.145 cm2 for 90%S/10%L, 0.179 cm2 for 75%S/25%L, 0.212 cm2 for 
50%S/50%L, 0.212 cm2 for 40%S/60%L, and 0.245 cm2 for 20%S/80%L. The largest crystallite was 1.63 cm2 in 
size and our smallest crystallite was 0.145 cm2.  Both the maximal crystallite size and the rate of decay depend 
strongly on the composition: the maximal crystallite size tends to be smaller when the composition consisted of 
increasingly smaller beads.  
 

Specimens of brass were prepared in the form of long ribbons, 8 mm in width and 0.5 mm in thickness.  
Preliminary measurement of the ribbon’s thermal expansion coefficient has been carried out by Ryan Cress as a 
function of increasing temperatures.   The intent is to model the temperature dependence in light of the evolution of 
the crystallite population at higher temperatures. 



Lehigh University REU Program 2008 
 
Quantitative Analysis of Cortical Myosin Distribution in HeLa Cells during 
Cytokinesis 
 
Maura Kirk (Villanova University) 
 
Advisors: Dimitrios Vavylonis and Daniel Ou-Yang 
 
Abstract: Actin and myosin-II proteins are key components involved in the mechanical 
division of a mitotic cell into two daughter cells during cytokinesis. They come together 
in an equatorial band that functions as a contractile ring, physically dividing the cell in 
half. How the cell locates the central axis at which the contractile ring forms and the 
precise mechanisms of contractile ring assembly are fundamental questions in biophysics. 
Using HeLa cells stably expressing the fluorescent mrlc2-GFP which associates with the 
myosin heavy chain (Kamijo et al., Mol. Biol. Cell. 17:43, 2006), we were able to 
examine the cortical assembly of the protein myosin-II. The cells were imaged with laser 
scanning confocal miscroscopy to achieve high resolution depth and time scans. To 
examine the initial stages of myosin assembly at the equator, we acquired high resolution 
scans of rounded cells that were about to enter cytokinesis (60nm pixel size along the xy 
plane and 70 nm in the z direction). These cells have an approximately uniform 
distribution of mrlc2-GFP within a thin cortical layer that extends around the whole cell. 
We analyzed this cortical myosin distribution by first generating radial projection images 
onto the spherical cell surface, as a function of the azimuthal and polar angles. We then 
calculated the spherical intensity correlation function, <I(0)I(s)>, where s is arc length 
and I is intensity.  Our results indicate a possible periodic organization of the cortical 
myosin in a pattern that could indicate a periodic configuration of cortical myosin as a 
precursor for the development of the contractile ring present during cytokinesis. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Acknowledgements: The National Science Foundations for their funding, Dr. Susan 
Perry for training with cell culturing, Dr. Kamijo for the mrlc2-GFP HeLa cells. 
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By adding strong donor and acceptor groups at the opposite ends of a conjugated electron
system in an organic molecule it is possible to keep the second hyperpolarizability from falling
rapidly when the size of the conjugated system shrinks. We initiated a study of the the second
hyperpolarizability in a series of molecules where the number of double and triple bonds between
donor and acceptor groups is systematically varied, with the aim of determining the optimum
molecular size that maximizes the specific second hyperpolarizability. Molecules were measured
in solution using degenerate four wave mixing. Because some molecules exhibit poor solubility,
solution concentrations were measured by optical absorption to improve reliability. While the
number of compounds that we measured up to now is too small to establish a clear trend, we found
one outstanding compound with a record-high off-resonant second hyperpolarizability that is only
one order of magnitude away from the fundamental limit.

Acknowledgements: This research was supported by the National Science Foundation,
through the “FRG: Glass Science, Processing and Optical Properties of Tellurite Fibers” grant and
through the Summer Research for Undergraduates program.
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Abstract: 
Fission yeast, a rod-shaped cell that grows along its long axis, grows asymmetrically at 
only one of its two tips for some time after cell division.  This growth process is related 
to the polymerization of actin and tubulin into filaments that form part of the 
cytoskeleton.  Dynamic microtubule filaments target the ends of the cell and deliver 
formin proteins that nucleate actin filaments (“cables”) at the cell tips.  These cables 
direct proteins that remodel the cell wall towards the growing tip.  While microtubules 
have a symmetric distribution within the cell, the actin filaments localize primarily at the 
growing tip during monopolar growth.  We used recent experimental results on the 
mechanism of formin-mediated actin cable polymerization to model the establishment of 
this monopolar growth.  In the model, formins attach to the two ends of the cell with 
equal probability, and nucleate actin filaments which are pushed toward the center of the 
cell as they grow (“retrograde flow”).  The formins also detach from the ends at a rate 
dependent on the actin polymerization rates.  The actin subunits in the cell move 
according to two types of flux: diffusion of monomers from the center of the cell towards 
the tips, and retrograde motion of polymerized actin towards the center.  We calculated 
the steady states for the cell tips by setting the overall flux equal to zero and solving for 
the concentration of actin monomers at the tip.  Using realistic parameter values and 
varying dependency of formin detachment on actin polymerization rate, we found 
multiple steady state solutions for the cell, when the rate of formin detachment from the 
cell tips had a sufficiently nonlinear dependence on actin polymerization rate.  These 
multiple solutions, using the same actin concentration at the center of the cell, represent 
the possibility that the two ends of the cell are in different states, causing them to grow 
asymmetrically.  We suggest that further experiments measuring the dependency of 
formin detachment on actin polymerization will test the possibility that cooperative 
formin dissociation from cell tips is crucial for monopolar growth. 
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ABSTRACT 

 Previous studies indicate that soda-lime phosphosilicate bioactive glass may significantly 

improve the quality of implants used in bone related treatments.  The key characteristics –  stimulation 

of new bone tissue growth, nano-macro dual porosity, interconnectivity of the pores, and 

biodegradability – of bioactive glass pose to revolutionize medical care and alleviate the pain of millions 

of patients who suffer from bone ailments.  Based on the composition formulated in a previous study 

conducted by Jain and Moawad, soda-lime phosphofluorosilicate bioactive glass (SiO2, NaCO3, CaCO3, 

CaF2, Ca5(OH)(PO4)3) samples with the addition of varying mol % of ZnO (1.0, 3.0, 5.0 mol %) have been 

fabricated via melt-quench method to determine their viability in medical implants.  The selection of 

ZnO came with the possibility of introducing antibacterial properties to the bioactive glass.  The 

preliminary results indicate that the glass samples containing 5.0 or higher mol % ZnO have the 

structural integrity necessary to subject the bioactive glass to further experimental steps.  Samples 

containing 3.0 and 5.0 mol % ZnO have been fully prepared, and the optical microscope photographs 

confirm that the samples containing 5.0 mol % ZnO have the required interconnectivity for bioactivity.  

Scanning electron microscope will be crucial in confirming the presence of nano and macrosize pores.  

The samples will be immersed in simulated body fluid to determine the optimal mol % ZnO that allows 

bone cell growth while preventing possible bacterial infection.    
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Abstract 
Semiconductor technology has become an ever evolving field in contemporary world, 
and semiconductor memory is an essential part in today’s electronic circuits. SONOS 
Nitride trap memory devices play a key role in non-volatile memory market today and 
proper characterization of these devices is vital in understanding their functionality in 
depth. This research project, which was carried out for a year, was focused on 
designing an automated flat band voltage tracking circuit that helps extract important 
information from these devices in a fast, efficient and reliable fashion.        
 
 
 
*My sincere gratitude extends towards The National Science Foundation for summer support and 

   The Sherman Fairchild center for providing me with funds during the semester. 
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ABSTRACT 

The rotational motion of the bond-centered H or D atom in an isolated Cu-H defect 
complex in the ZnO crystal lattice is modeled under uniaxial stress. The uniaxial stress is 
applied along the c-axis of the crystal and causes an absorption line at 3229 cm-1 to 
appear and then increase in intensity under increased stress. The behavior of this line, and 
the characteristic line of the defect at 3192 cm-1, are studied. Our model assumes that 
stressing the crystal breaks the rotational symmetry of the H atom, causing the rotational 
states to mix together. Under these assumptions, the model is able to match experimental 
data collected by Lavrov and Weber. Methods for selecting parameters of the model are 
discussed, along with the behavior of the probability function of the H or D atom. 
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Abstract 

 At low temperatures and strong magnetic fields, the motion of an electron becomes 

quantized and results in a quasi-two dimensional system.  Through experiments with silicon 

MOSFETs at low temperatures the quantum Hall effect can be observed.  When the system is 

uniform, the electrical conductivity is expressed by two components: the longitudinal 

conductivity and the transverse (or Hall) conductivity.  Ultra thin oxides are used to exploit the 

effect of the method of images to controllably reduce the Coulomb repulsion between the 

electrons in two dimensions.  Through comparison and manipulation of data an analytical model 

of the longitudinal conductivity can be achieved.  In addition, through the manipulation of data 

from devices M1 and M2 it is possible to attain reasonable agreement to the Hall device.  By 

applying values of the longitudinal model to the Hall device, for the first time a comparison for 

the devices can be devised as well as open new avenues for data analysis.  Further analysis 

allows more comparison with device geometry and other experimental conditions.  
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Abstract 

This work was conducted as a preliminary study to begin the analysis of how various 

peptides infused into the structure of a glassy-ceramic affect the proliferation and/or 

differentiation rates of various cell lines into osteoblasts.  Previous studies have shown how 

glassy-ceramics, or more specifically, bioactive glass, has proven to be an excellent bone 

scaffolding material as osteoblasts grow well on its surface.  To better understand how cells will 

interact with the peptides on the surface of the sol-gel, P19 embryonic carcinoma cells were 

employed as the first cell culture model. P19s differentiate into skeletal muscle, which is in close 

proximity to bone.  Hence, this type of tissue can provide us with valuable information on the 

physiological reaction to a peptide-modified material. The data indicates that peptides affect the 

proliferation and differentiation capabilities of the P19s. Future work will include the 

characterization of preosteoblast and mesenchymal stem cells with the peptide-modified 

materials.  Once the affects of peptides on osteoblasts is characterized, peptide infused sol-gel 

derived bioactive glass will be tested in a 3-D platform to examine the potential for functional 

bone tissue development for use within the human body. 
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Abstract 
 

In this work, a method for the design and fabrication of Fresnel lenses in chalcogenide glass thin 
films is presented. Fresnel lenses are known for their ability to concentrate energy without the 
unnecessary mass and volume of a plano-convex lens, making them excellent for thin film 
applications. Chalcogenide glasses, which are highly photosensitive and capable of grayscale 
etching, are proposed for making Fresnel lenses that will remain functional in the infrared region 
where oxide glasses are opaque. A microscale Fresnel lens in chalcogenide glass thin film was 
designed, and a mask was created for lithography. Thin films of As2S3 were deposited onto glass 
and silicon substrates via high vacuum thermal evaporation deposition. The film was exposed to 
365 nm light of intensity 8.4 mW/cm2 in the clean room and then etched with a non-aqueous 
amine-based solvent. Suitable duration of irradiation and conditions of etching were established. 
The resulting lenses were examined under an optical microscope and SEM to determine whether 
the mask’s grayscale integrity was maintained in the etched samples. Optical functionality was 
confirmed in the lenses on a glass substrate which had been irradiated for 30 seconds. Further 
research will be conducted to optimize the manufacturing process. 
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Abstract:  
The extrusion process has been used for polymers, metals and ceramics but glass extrusion has 
not yet been studied or analyzed to the same degree.  Determining where the glass transition 
temperature range is for a specific glass is important in setting ideal extrusion temperature.  
Temperature and strain rate both have a direct effect on the viscosity of glass, which is crucial to 
understanding how glass flows during extrusion.  It is also not well understood how the 
extrusion process parameters affect the physical properties of glass.  This study focused on 
examining and characterizing glass flow in extrusion using techniques such as a standard Light 
Optical Microscope and Differential Scanning Calorimetry.  It was found that certain process 
parameters like temperature, extrusion speed as well as sample location along extrudate length 
may influence the density of flow lines apparent in a sample when examined through a 
standard Light Optical Microscope.  Results indicate that increased extrusion speed decreases 
the density of flow lines and that the density of flow lines decreases along the length of the 
extrudate.  Studies concerning thermal properties of both the billets and extrudates indicated 
that the extrusion process changed the glass transition temperature and the change in heat 
capacity over the glass transition range (280-320 oC) a negligible amount, if at all.  This study 
helped identify the flow patterns of glass through the extrusion process, their dependence on 
strain rate, and the effect of extrusion on the glass transition temperature and change in heat 
capacity. 
 
Thanks to the Institute of Metal Forming, the International Materials Institute for New Functionality in Glass 
(NSF–IMI, DMR-0409588) and the National Science Foundation for the extensive financial support which made 
the Lehigh University REU program possible.   
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Abstract

The 3� Π and 4� Π electronic states of NaK are highly interactive due to an adiabatic avoided
crossing. The dipole moment functions for transitions of these two states to the 1� Σ� state exhibit
an unusual crossing behavior. The crossing point of these functions was previously calculated by S.
Magnier [2] to be ≈ 7�25� � (3.84 Å). This crossing point however, seems odd due to the fact that the
location of the diabatic avoided crossing of the 3� Π and 4� Π potentials is ≈ 4�1�̊ . This discrepancy
is troublesome because Magnier’s other calculations have proven to be very accurate. In this work,
we will focus specifically on the transition dipole moment function for the 3� Π → 1� Σ� transition.

To investigate the crossing point of the transition dipole moment functions for the 3� Π → 1� Σ�

and 4� Π → 1� Σ� transitions, we used experimentally observed emission spectra taken by L. Morgus
[4] (focusing only on the 3� Π → 1� Σ� transition).

We used a diabatic model to fit Magnier’s calculated transition dipole moment function analyti-
cally. The 4� Π portion of the dipole moment before the switching point (4.1 Å) and the 3� Π portion

after, were fit using a Gaussian of the form �� −

(� −� )2

2� 2 + � . The 3� Π portion before the switching
point and the 4� Π after were fit using a simple linear function of the form � + �� .

To perform our calculations, we used a modified version of the program BCONT [1] — originally
written in Fortran by Robert J. Le Roy of the University of Waterloo. BCONT was customized
with a switching function used by B. McGeehan [3] to smoothly join the two diabatic models for
calculating the 3� Π → 1� Σ� transition.

By adjusting the transition dipole moment function, we were able to fine tune the relative heights
of the peaks in the emissions spectra to help match Morgus’ data. In addition, we were able to control
the locations of said peaks by adjusting the repulsive walls of both the initial and final potential

state. To adjust the repulsive wall we used the form �� −λ1Br� λ2� r−r0 � 2 + � . The constants � , 	 ,
and � were calculated by fitting the first three points of the potential well. 
 � and 
 � were then
used to adjust the repulsiveness of the wall.
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program for funding this work.
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ABSTRACT 
 
We present projected rotational velocity, effective temperature, and polar surface gravity 
measurements of 78 B-type stars from the open clusters IC 1805 and NGC 869 to 
examine the evolutionary tracks of the clusters and compare their ages. We made fits of 
He I λλ4387, 4471, 4713 and Mg II λ4481 and compared line profiles to Kurucz’s 
ATLAS9 theoretical models of stellar atmospheres to account for Doppler broadening 
and determine the projected rotational velocity. In conjunction with weighted averages of 
the projected rotational velocity, the effective surface temperature and polar surface 
gravity were determined by comparing Hγ lines to Kurucz models and Tlusty 
BSTAR2006 models. The theoretical evolutionary tracks calculated by Schaller et al. can 
be used to derive the mass and radius of the star. On a plot of temperature vs polar 
surface gravity, we observe that NGC 869 is older and more evolved than IC 1805, 
indicated by the greater number of B-type stars in NGC 869 that have moved up and to 
the right along the Main Sequence evolutionary track. 
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Abstract: 

Lithium Niobate is widely used in fields like integrated and non-linear optics and can be found in many 
devices such as acousto-optic filters, electro-optic modulators or frequency converters. Despite its 
technological importance the vibrational modes (phonons) and the corresponding Raman spectrum have 
not yet been fully understood. This research focused on performing Raman spectroscopy on Lithium 
Niobate to better understand the nature of a particular peak which occurs at around 620cm-1 but is absent 
for certain compositions of the material and certain polarization geometries.  In particular, we were 
interested in the behavior of this mode close to the surface of the sample where it has been detected in 
earlier studies.  

The spectroscopy was performed by using a confocal microscope with an Argon ion laser source tuned at 
488nm. The objective used in this experiment had a numerical aperture of 0.75 and magnification of 50Х. 
Data were collected for 3 different types of Lithium Niobate crystals: congruent, stoichiometric and near 
stoichiometric doped with rare earth element Erbium. The thickness of our sample size was about 0.5mm.  

Initial attempts to detect the 620cm-1 mode close to the top surface were not successful. We hence 
widened our measurements to include the whole sample. In these studies, the laser beam was focused at 5 
different points namely above the sample, at the top surface, 0.125mm below the top surface, at the center 
of the sample,  0.375mm below the top surface and at the bottom surface. This experiment was performed 
in back reflection geometry on z-cut samples and repeated with 4 different polarization directions  of the 
excitation and probe beam i.e.: xx, xy, yx and yy direction. A spectrometer analyzed the collected beam. 
The results showed that the peak was visible only at the bottom surface. In order to check if the surfaces 
were not equivalent in terms of their chemical composition, we flipped the sample around and performed 
the same experiment which gave the same results. It was deduced that we had to go through the sample 
before the peak became visible. This peculiar behavior only occurred for the 620cm-1 Raman peak and 
none of the others. We also tested if a similar change in intensity of a particular peak is observed in the 
Erbium emission in the Erbium doped sample of Lithium Niobate but the result was negative  

Although it is not yet understood why the peak is more distinct at the bottom surface, we have several 
hypotheses which still remain to be tested. We also want to use same set up with Lithium Tantalate 
crystal since it has very similar structure and properties as Lithium Niobate. 
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Abstract 
  Human immunodeficiency virus (HIV) has been the cause of millions of human deaths across the 

world, especially those in resource-constrained countries. As a result biomedical scientists and 

engineers have developed and optimized portable, efficient, fast, and inexpensive engineering tools 

and devices for HIV diagnostics in these resource-constrained countries.  

  In this study, a method for diagnosing HIV in resource constrained countries, through initial 

biological separations of HIV particles from whole blood was developed and examined. In order to 

effectively separate HIV particles from whole blood, bimodal (macro-nano) porous glass-ceramic 

matrices were fabricated by the Melt-Quench-Heat-Etch method. Prior to fabrication, glass-ceramic 

samples were subjected to different etch treatments and characterized by scanning electron 

microscope (SEM) in order to determine the optimal conditions for matrix fabrication in application to 

biological separations. Simultaneously methods of creating the matrix into a fast, portable, and 

efficient device as well as matrix testing procedures were developed. Lastly HIV-infected blood was 

simulated through utilization of two different bead sizes, nano-sized beads (100 nm) to simulate the 

HIV particles and the micro-sized beads (3 µm) to simulate the various blood cells in whole blood. 

These beads as diluted in 1 % sodium dodecyl sulfate were characterized by ultraviolet-visible 

spectrophotometry to determine the optimal wavelength for their respective characterization.  

   The SEM results showed that as the etching time increased and the molarity of acid increased, the 

overall macro pore size as well as the macro pore interconnectivity increased, while the overall nano 

pore size and nano pore interconnectivity were not affected. The SEM results also showed that despite 

the changes in these two etching variables, all porous samples had a low level of overall porosity, low 

level of macro-nano interconnectivity, and a random macro-nano pore size distribution. The bead 

sample characterization results demonstrated that 300 nm was the optimal wavelength for nano and 

micro sized bead characterization, which nullified the objective of mixing the two different sized 

beads for biological separation testing. Subsequently it was concluded from this study, that the 

material would need to be further optimized, in respect to its overall porosity and pore size 

distribution, in order to effectively serve as a matrix for biological separations testing. 
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Abstract 

 When hydrogen is introduced into KTaO3, OH bonds are formed. The line width 

of the stretching mode of an OH defect at 3487.1 cm-1 was measured using Fourier 

Transform Infrared Spectroscopy. At liquid helium temperature and at 0.04 cm-1 

resolution, we found a line width of 0.117 cm-1 ± 0.002 cm-1. This width provides a lower 

limit for the vibrational lifetime of 45 ps. Collaborators at the college of William and 

Mary made direct lifetime measurements of this defect and found a lifetime of 55 ps. 

 Measurements of the temperature dependence of the lifetime suggest the existence 

of a vibrational mode of the OH defect near 1000 cm-1 that interacts with the stretching 

mode. We have discovered a line at 1058 cm-1. A staged annealing experiment was 

conducted to confirm that the 3487.1 cm-1 and 1058 cm-1 lines belong to the same defect.  

Introducing a heavier isotope causes a shift in frequency for the OH mode. This 

change in frequency also leads to changes in lifetime and thus line width. With this in 

mind, the line width of the stretching mode of deuterium doped KTaO3 at 2576.4 cm-1 

was measured at 0.04 resolution and liquid helium temperature, and compared with that 

of the OH bond. We found a full width half maximum of 0.096 cm-1 ± 0.0018 cm-1 for 

the OD stretching mode at 2576.8 cm-1. This corresponds to a lower limit for the 

vibrational lifetime of 55 ps, while our collaborators at William and Mary directly 

measured a lifetime of 400 ps.  We suggest that the line width is limited by 

inhomogeneous strain in the KTaO3 sample. 
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 The NaK 43Σ+ electronic state has contributions from at least three diabatic states, which leads to 

its unique character.  There is a pronounced shelf on the outer wall of the 43Σ+ potential curve which makes 

fluorescence from this state as well as theoretical calculations of this fluorescence very complicated.   In 

order to understand what is happening, experimental 43Σ+→13Σ+ bound-free spectra, in combination with 

earlier measurements of 43Σ+ level energies, is needed to accurately map out the potential curve and find the 

transition dipole moment function.  The goal of this summer project was to record NaK 43Σ+ → 13Σ+  

bound-free fluorescence from high-lying vibrational levels of the upper state.  A single-mode cw dye laser 

was used to pump NaK molecules from the 11Σ+ ground state to the mixed 21Σ+ ~ 13Π levels that have both 

singlet and triplet character.  A Titanium Sapphire laser was then used to pump up from the intermediate 

state to the 43Σ+ state, and the fluorescence down to the 13Σ+ state was resolved with a monochromator.  

The observed bound-free spectrum extended from around 475 nm to 550 nm.   However, there was a large 

structure around 510 nm that was in disagreement with theoretical calculations.  We suspected that this was 

not from the 43Σ+ state, but fluorescence from the nearby 33Π state which was being collisionally populated.  

If this was the case, decreasing the number of collisions should lower the intensity of the fluorescence 

around 510 nm with respect to the parts of the spectrum outside that region that were in agreement with the 

43Σ+ → 13Σ+ fluorescence simulations.  The pressure of argon in the heat pipe was lowered in order to 

decrease the number of collisions.  This showed a dramatic decrease in the intensity of the part of the 

spectrum in question relative to the rest, leading us to believe the fluorescence around 510 nm was indeed 

from the 33Π state rather than the 43Σ+ state.  Spectra recorded at low pressures were then obtained for a 

variety of different rovibrational levels of the 43Σ+ state.  These spectra will be used to fit the 43Σ+ → 13Σ+ 

transition dipole moment, which according to theory shows rapid variations with internuclear separation. 
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Abstract 
 
 Bioactive glasses can be used in the restoration of bone material where they 
provide both a porous scaffold for cell growth as well as nutrients to stimulate cell 
growth.  Both melt-quench and sol-gel approaches have been developed recently at 
Lehigh to synthesize nano-macro dual porous glasses with macro (>100µm) and meso (5-
50 nm) pores.  The sol-gel method, however, may have advantages when control of nano-
pores is critical. The porous structure is necessary for the growth of cells, as well as 
aiding in the breakdown of the scaffolding once inside the body.  Because of this, the size 
of the pores will affect the glass’ ability to perform these functions.  To date, however, 
researchers have only been able to control the macro pore size in sol-gel derived 
bioactive glass.  By expanding that control to include mesopore size as well, it is possible 
to control the amount of dissolution of the bioactive glass along with the actual cell 
growth occurring.  The focus of this research is to customize the sol-gel process—more 
specifically the solvent exchange treatment component of the process—to control the size 
of the mesopores.  Thus far, we have found that hydrolysis occurs, breaking down the 
samples when samples are treated with 0.1M ammonia versus 5M ammonia.  An 
assessment of the resulting pore size in these samples is currently in progress. 
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Abstract: 
We characterized the linear and nonlinear optical properties of tellurite glasses to be used for 
the fabrication of optical fibers. To do this, we built a computer-controlled Mach-Zehnder 
Interferometer that allowed for the measurement of the linear refractive index, n0, to a 
precision of ~1% for 1 mm thick samples (assuming that the thickness is known to less than 1%). 
The third-order susceptibility, χ(3), was measured by four-wave mixing at the 
telecommunication wavelength of 1.5 μm. For all samples investigated we obtained n0 = 2.0-2.2 
and χ(3) = (50 ± 10) × 10-22 m2/V2, in agreement with literature. The measurement of the 
refractive index for different compositions [75% TeO2 - 20% ZnO - 5% Na2O;  70.8% TeO2 - 
18.9% ZnO - 4.7% Na2O - 5.7% KNbO3;  80% TeO2 - 20% ZnS] made it possible to know the index 
of the core and cladding in a tellurite fiber that was grown in our laboratory, which allowed us 
to estimate the number of propagating modes it supported. 
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The development of a simple though reliable deposition technique for Carbon Nanotube 
Networks on substrates would advance the production of working CNT field effect transistors 
and other electronic devices, such as diodes, immeasurably. Our investigation of different 
methods and processes which would be able to reliably create conductive networks of Carbon 
Nanotubes was in the effort to achieve this goal. Samples were prepared using different 
stabilizing solutions such as Dichloromethane and aqueous Sodium Cholate along with several 
processes of physical application to create a network on various substrates. Characterization 
using several instruments, including Keithley Semiconductor Characterization Station for 
transport measurements, SEM, and AFM was performed to gauge their conductivity and the 
relation to the sample morphology. The most consistent deposition of CNT’s occurs when using 
aqueous Sodium Cholate as the stabilizing solution and rinsing in the production procedure. The 
application of Carbon Nanotubes in aqueous Sodium Cholate solution combined with adequate 
rinsing and removal of Cholate crystals provides a promising groundwork upon which to 
continue this research. 
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Abstract 
Carbon nanotubes (CNTs) have shown promise for use as field effect transistor (FET) devices.  

One persistent barrier to the practical application of CNTFETs is that of a hysteresis in their 

operation.  The origin of this hysteresis could differ, but an analogy to the physics of Silicon 

based FETs would suggest that the hysteresis is related to the presence of mobile ions or water 

molecules.  A simulation is conducted to directly investigate hysteretic effects from water 

molecules near the CNT acting as electric dipoles.  When in the ON-state, he CNTFET bears a 

charge density which varies axially as a function of the total electric potential.  The total electric 

potential is generated by the dipoles, an external gate potential which varies in time, and induced 

by the surface charge on a SiO2 substrate.  The Langevin model for electric dipoles is applied to 

describe the preferred dipole moment statistical mechanically.  We include the time-dependence 

of the dipole relaxation with an exponential decay to the equilibrium value.  Conductance is 

derived from the charge density of the CNT channel as the system evolves under the influence of 

time-dependent voltage, and a clockwise hysteresis is observed. 
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