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Abstract

Kent State University (KSU) submits a proposal to the Ohio Research Scholars Program for a Track 1 project to establish a Research Cluster on Surfaces in Advanced Materials (RC-SAM), including but not limited to liquid crystals (LCs), polymers, their composites and biomaterials. RC-SAM is an inclusive research cluster that combines scientific excellence in fundamental and applied research at KSU, Case Western Reserve University, and Youngstown State University (YSU) with innovative approaches to environmental technologies at the Cleveland Botanical Garden and highly successful commercialization of new technologies at Northeast Ohio based AlphaMicron, Inc., CoAdna Photonics, Inc., Kent Displays, Inc., Kent Optronics, Inc., and LXD, Inc.  Funding RC-SAM will add needed expertise in surface science and thus assure that Ohio will retain its No.1 ranking in the nation and world in LC research, technology transfer, and commercialization.

RC-SAM focuses on surface phenomena in soft materials. To express the complexity of surfaces, scientists often quote Wolfgang Pauli, Nobel Prize laureate in Physics, who said, “God made solids, but surfaces were the work of the devil.”  Over the last 50-60 years, much has been learned about surfaces in solid (hard) matter, such as metals.  During the very same time, new materials, often called “soft matter”, such as LCs, surfactants, and polymers, emerged and revolutionized our way of life from how we present information (LC displays, or LCDs) to how we manufacture practically everything.  Despite abundance of soft materials in nature and human-controlled technologies, we still know much less than needed about their surface properties.  A modern-day rephrasing of Pauli would be, “Liquid crystals, polymers, and many other marvelous new materials have been made, but their surfaces are still the work of the devil!” RC-SAM aims to make this statement obsolete.

Surface phenomena are decisive in soft materials such as LCs because surface interactions dictate the properties of the material not only within the immediate range of their action but also on the larger bulk scales. A good example of technological importance is the modern LCD which enjoys a $100 billion/year – and growing-- world-wide market but still can be greatly improved by addressing surface-related issues.  Surfaces play a crucial role in how most LCDs works: the active phase of “switching on” is achieved by an electric pulse but the “switching off” is controlled by how strongly the LC molecules are “anchored” to the pixel’s substrate.  The study of surfaces in advanced materials such as LCs represents a fundamental problem of great practical importance.  The subject is difficult because of the complexity and small scale of molecular interactions.  To ensure that Ohio leads the world in the development of this important scientific and technological area, we propose to establish RC-SAM. The existing research, technology transfer and commercialization infrastructure created by the RC-SAM participants has already secured international status.  RC-SAM will be built on this solid foundation and will add a new dimension with the focus on surface phenomena. RC-SAM is of prime importance to the local economy as it will accelerate the development of new products at Ohio-based companies.
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Research Cluster
This Track 1 project entitled, Research Cluster on Surfaces in Advanced Materials (RC-SAM), is aimed at accelerating the growth of the existing cluster of research excellence in the field of liquid crystals (LCs), polymers, their composites and biomaterials, already established by Kent State University (KSU), Case Western Reserve University (CWRU) and their collaborators at AlphaMicron, Inc. (AMI), Cleveland Botanical Garden (CBG), CoAdna Photonics, Inc. (CoAdna), Kent Displays, Inc. (KDI), Kent Optronics, Inc. (KOI), and LXD (Liquid Crystal Displays), Inc., and to foster new growth in the field through long-term collaboration with researchers in polymers and surface science at Youngstown State University (YSU).  The proposal is based on research, educational and industrial development of the senior personnel presented in Table 1.
Table 1:  Senior Research Personnel
	Sr. Personnel, PhD Institute, Year
	Research Areas

	Kent State University

	Chemical Physics Interdisciplinary Program / Liquid Crystal Institute (CPIP/LCI)

	Prof. Philip J. Bos

KSU, 1978
	Electrooptic effects, LC displays; Director of LCI’s Resource facility

	Prof. Liang-Chy Chien

U. So. Mississippi, 1988
	Material properties of liquid crystals and their composites with polymers

	Assoc. Prof. Antal Jakli

Hungarian Academy Sci. (D.Sc.) 2000
	Physical properties of liquid crystals

	Prof. Oleg D. Lavrentovich

Acad. of Sci., Ukraine (D.Sc)1990 
	Physics of liquid crystals, imaging; Director of LCI 

	Dr. Quan Li, LCI Sr. Research Fellow

Chinese Academy of Sciences, 1995
	Synthetic chemistry of new materials such as liquid crystals; photovoltaic applications; Director of LCI Synthesis Facility

	Prof. Peter Palffy-Muhoray

Univ. British Columbia, 1977
	Physics of liquid crystals, elastomers, metamaterials, co-founder of AlphaMicron, Inc.

	Prof. Jonathan Selinger

Harvard University, 1989
	Theoretical physics of soft matter, liquid crystals and biomaterials, Ohio Eminent Scholar

	Prof. Robin Selinger

Harvard University, 1989
	Numerical modeling of liquid crystals, elastomers, topological defects



	Asst. Prof. Qihuo Wei

Nanjing University, 1993
	Physics of nanostructured systems and biological materials

	Prof. (Chemistry) John West
Carnegie Mellon University, 1980
	Materials science of liquid crystals and their composites, flexible displays, VP Research, Dean Graduate Studies 

	Physics  

	Prof. David Allender

Univ. of Illinois, Urbana,1975
	Theory of liquid crystals, biological membranes 



	Prof. Daniele Finotello

State Univ. of New York, Buffalo, 1985
	NMR and DSC of liquid crystals, nanoporous media, superfluids

	Prof. Satyendra Kumar

University of Illinois, Urbana
	Physics of liquid crystals, surface phenomena, X-ray analysis

	Assoc. Prof. Elizabeth Mann  

Ecole Normale Superieure, Paris, 1996
	Thin films of organic materials, Langmuir monolayers



	Prof. Samuel Sprunt
MIT, 1989
	 Light scattering studies of liquid crystals


	Mathematics  

	Prof. Eugene C. Gartland, Jr.

Purdue University, 1980
	Mathematical models of liquid crystals

	Asst. Prof. X  Zheng

Univ. North Carolina, Chapel Hill 2006
	Mathematical models of materials, including liquid crystals

	Chemistry  

	Assoc. Prof. Arne Gericke

University of Hamburg, Germany, 1994
	Biochemictry of biological membranes



	Prof. Mietec Jaroniec

M. Curie-Sklodowska Univ. Poland 1979
	Mesoporous materials, surface chemistry



	Prof. Robert Twieg

Univ. California Berkeley
	Chemistry of liquid crystals, dyes, materials for photovoltaic applications

	Biological Sciences

	Prof. Christopher Woolverton

West Virginia University, 1986
	Biological sensors based on LC, LC order in biological systems

	Case Western Reserve University

	Physics

	Prof. Robert Brown, Institute Prof., MIT, 1968
	Imaging physics


	Prof. Gary Chottiner  

Maryland, 1980
	Experimental condensed matter physics, surface physics and surface spectroscopies, hydrogen fuel research

	Prof. Kathleen Kash 

MIT, 1982
	Optics, semiconductors, crystal growth and surface properties, mesoscopic physics

	Prof. Walter Lambrecht    

Ghent, 1980
	 Theory, electronic structure of materials, optical properties

	Prof. Rolfe Petschek  

Harvard, 1981
	Statistical physics theory, phase transition, optics, liquid crystals and polymers, biophysics

	Prof. Charles Rosenblatt

Harvard, 1978
	 Liquid crystals, complex fluids, optics,  soft surfaces, fluid physics and acceleration-driven instabilities

	Prof. Kenneth Singer   

University of Pennsylvania, 1981
	Liquid crystal and polymer physics, organic electronics, optics, NLO, laser physics

	Prof. Philip Taylor, Perkins Professor of Physics; Cambridge, 1962
	Statistical mechanics, polymers, liquid crystals, alternative energy sources

	Assoc. Prof. Harsh Mathur  

Yale, 1994
	Theoretical CM physics, localization, mesocopic physics, many-body theory

	Assistant Prof. Xuan Gao    

Columbia, 2003
	Electronic properties of low dimensional nanostructures, semiconductor nanowires, nanosensors

	Assoc. Prof. Jie Shan   

Columbia, 2001
	 Ultrafast spectroscopy, terehertz time-domain spectroscopy, topics in polymers and biophysics

	Macromolecular Science

	Assistant Prof. Elena Dormidontova   

Moscow State University, 1994  
	Statistical physics of macromolecules, phase behavior,  properties of complex polymer and biopolymer systems 

	Associate Prof. Stuart Rowan 

Glasgow, 1995
	Organic Chemistry, Conducting Polymers, Interlocked Macromolecules  Peptide Nucleic Acids, Responsive Materials and Nanotechnology 

	Prof. Christoph Weder 

ETH Zurich 1994
	Design, synthesis and investigation of structure-property relationships of novel functional polymers 

	YOUNGSTOWN STATE UNIVERSITY

	Prof. James H. Andrews (physics)
Case Western Reserve, 1995
	Nonlinear optical properties of polymers, modeling and applications of multilayer polymers, polymer laser, laser feedback interference microscopy for surface profilometry

	Assoc. Prof. Tom Oder (physics)
Auburn, 1999
	Semiconductor contacts, microlenses, wide bandgap semiconductors and devices, quantum well structures

	Assoc. Prof. Douglas Price (Chem Eng) Notre Dame, 1988
	Modeling and measuring effects of catalysts for diffusion reactions, gas membrane analysis, biomass gasification through thermo-depolymerization, and carbon dioxide capture using solid sorbents

	Assoc. Prof. Josef Simeonsson (Chem)  Florida, 1990
	Atomic and Molecular Spectrometry Methods, Analytical Laser Spectroscopy Methods-Fluorescence, Ionization and Raman 

	Industry

	AlphaMicron, Inc.
	Bahman Taheri

	Cleveland Botanical Gardens
	Mark Druckenbrod

	CoAdna, Inc.
	Jack R. Kelly

	Kent Displays, Inc.
	J. William Doane

	Kent Optronics, Inc.
	Le Li

	LXD, Inc.
	Charles Wang


Funding RC-SAM will assure that Northeast Ohio will retain its No.1 ranking in the nation and world-wide in liquid crystals - related and other materials research, education, technology transfer, and commercialization.

a.   The research activity has been benchmarked against international leaders

Liquid crystals (LCs) represent a technology/research area that clearly defines Ohio as an international leader with a substantial measurable and sustainable impact on the state’s economy.  KSU is the world leading academic center in LC research and education.  KSU pioneered the modern era of LC research with the establishment of the Liquid Crystal Institute (LCI®) by Dr. Glenn H. Brown in 1965.  Today, the LCI is the world’s largest and most comprehensive research, technology transfer and education program in the field of LCs. The importance of the LCI to the success of LC research and education in the U.S. is thus decisive. The LCI is unique in its historical development and in its structure, with no equivalent entity in the state, the nation, or even the world.  The closest institutions with well-developed research and education in LCs are (in alphabetical order):

· Case Western Reserve University: academic collaborator in this proposal, with departments of Physics and Macromolecular Sciences, representing two colleges at CWRU focusing on polymer, lyotropic and ferroelectric LCs, nonlinear optics of LCs and polymers, and surface properties of these materials.  

· University of Colorado:  programs led by Profs. N. Clark and D. Walba, with the emphasis on ferroelectric LCs; we collaborate strongly with this center; Chien co-authored a recent publication on ferroelectric LCs in Science [1] and Lavrentovich co-authored an article with Clark on smectic LCs in Nature [2]. 

· University of Pennsylvania: program in physics with emphasis on the theory of LCs led by Prof. T.C. Lubensky and Prof. R.D. Kamien and in Chemistry by Prof. V. Percec.  Research performed at UPenn and KSU/CWRU is mutually beneficial.  For example, Kamien’s theory of non-linear elasticity of smectics [3] explain the experimental findings of Lavrentovich’s group [4], while the recent LCI data on colloidal particles “levitation” in the LCs [5] allowed us to quantify parameters of the Lubensky’s theory [6]. Singer has a long-standing collaboration with Percec and has co-authored several articles including one in Nature [7].

In the global stage, institutions similar to the LCI have been created in India, Sweden, and UK.  Strong programs at the Raman Research Institute in Bangalore and at the Centre for Liquid Crystal Research in the same city in India are credited with the discovery of discotic LCs. The instrumentation infrastructure and industrial outreach of these two centers are not as comprehensive as those at the LCI. Swedish Liquid Crystals Display Center and Liquid Crystal Technology Group at Oxford University (UK) focus on display applications of thermotropic LCs and less so on new materials for emerging applications. A strong research center on LCs exists at the University of Calabria in Italy. Prof. G. Chidichimo visited the LCI in 1980s and participated in the discovery of the electrooptic effect in polymer-dispersed LCs in Kent.  Two postdoctoral fellows from Calabria recently completed their work at CWRU and two more are currently performing research, one at KSU and one at CWRU. A new graduate student from Calabria just joined the Rosenblatt’s group at CWRU. The University of Ljubljana in Slovenia and Institute of Physics of the Ukrainian Academy of Sciences in Kyiv are two prime academic research centers on LCs in Eastern Europe. KSU and CWRU collaborate strongly with both of them, through international collaborative projects supported by CRDF and NSF. S. Zumer (Slovenia) spent about three years at the LCI in 1990s, while Y. Reznikov (Ukraine) visits the researchers at CWRU and KSU approximately once a year for one to two months.  H. Yokoyama leads an exceptionally strong governmental group on thermotropic and nanostructured LCs in Japan, and has had long term visits by several graduates of our Research Cluster.
The LCI puts Kent State in a position to determine at least the national if not the international development of the entire scientific sub-discipline. The strength of KSU and its collaborators at CWRU in the field of LCs has been recognized by the National Science Foundation (NSF) with the establishment of the Science and Technology Center for Advanced Liquid Crystalline Optical Materials (STC ALCOM) from 1991-2002, and by Samsung Electronics Company, the world’s leading manufacturer of LC displays (LCDs), with the signing of a long-term agreement with KSU to conduct joint research in the area of LC technologies and to establish Samsung Fellowships for the graduate students at KSU.  At the signing ceremony on Oct. 1, 2004, Samsung's President Sang Wan Lee said, “Kent State University has contributed greatly to the development and commercialization of liquid crystal display technology. This cooperative agreement involves a company and a university at the very pinnacle of the display field. We will work together to lead the future of display technology.”  [8] 

The strength of our research center in the field of LCs is greatly expanded and enhanced by CWRU faculty from internationally renowned programs in physics and macromolecular sciences.  Using the top physics research programs as benchmarks, both U.S. and internationally — these include Harvard, M.I.T., University of Pennsylvania, University of Chicago, and Berkeley — the physics program at CWRU compares extremely favorably.  The physics program at CWRU itself often serves as a benchmark for other small to mid-size departments, which by their very nature must focus on only two or three different subfields.  The condensed matter physics program at CWRU, which is largely focused on advanced materials, involves approximately ten faculty and has a number of interrelated research thrusts involving soft matter, biologically relevant materials, optics, nanomaterials, and semiconductors.  A 2006 report in The Chronicle of Higher Education ranked CWRU’s Physics program in the top 10% of 172 American Ph.D. programs in terms of scholarly productivity per faculty such as journal publications, citations, grants, and awards.  This ranking was ahead of physics departments at both University of Pennsylvania and University of Chicago and by far the highest in the State of Ohio. 
The CWRU Physics Department, including the advanced materials program, does not rest on its laurels, but continually seeks to improve its position among the leaders in the field.  In addition to the Ohio Eminent Scholar faculty position, the department has hired several young but high profile faculty during the past few years.  In all of these cases the newly hired faculty have had three or more alternative offers; however, based upon the highly charged scientific atmosphere of the department, and the University administration’s farsighted willingness to “invest in the best,” in each case CWRU emerged successful, and has not lost its first choice bid for a junior faculty member to a competing university in well over ten years.  Highly talented faculty need an appropriate physical infrastructure and to that end CWRU has continued to upgrade the department’s facilities, beginning with a complete gutting and rebuilding of the Rockefeller Physics Building in 1996; the creation of a 1200 square foot centralized photolithography, thin film, and device fabrication facility; the installation of high end computation facilities; the complete overhaul of a section of the adjacent Smith Building; and the enhancement of instructional laboratories that are among the best equipped and most sophisticated in the country.  The University’s nascent Master Plan foresees physics as a high profile area which will be targeted for continued leveraged investment.

To accelerate the growth of this existing group, a new infusion of talent and infrastructure is needed.  The current strategic plan for the CWRU Physics Department calls for a significant growth in personnel and resources for the Advanced Materials group.  This will include the hiring of talented new faculty in the areas of surface and interfacial physics.  Plans are detailed below.

[image: image4.emf][image: image5.wmf]b. The research groups have a sustained track record of advancing scientific knowledge that has employed a significant number of Ohioans through creation of globally competitive products, creation of new and enhancement of existing Ohio companies

An early article by Dr. Glenn H. Brown on LCs in 1957 [9] sparked an international resurgence in LC research. The innovative LCI research of the 1960s focused on the link between the structural organization of LCs and biological systems [10] and on lyotropic LCs, crowned with the discovery of a fascinating biaxial type of orientational order by Yu and Saupe at the LCI [11].  The LCI excelled, especially in the area of electrooptical properties of LCs, becoming the national and world leader in research, education, and industrial partnership in the field and pioneering the new science and technology which is at the core of modern flat panel LC displays.  The first commercially successful low-power, field-operated LC display, known as the “twisted nematic cell” was developed by James Fergason at the LCI, and described in the 1969 article co-authored with two other LCI scientists, Arora, and Saupe [12].  Fergason’s technology was patented in the United States in 1971 [13] and he received the 2006 Lemelson-MIT Prize, the largest ($500,000) single award for invention in the United States  [14,15].  This technology paved the way for revolutionary changes in how we handle information today,  bringing indirect but enormous benefits to our productivity, communication, access to informational resources and energy savings.  

Fergason saw the importance of transforming scientific knowledge into business opportunities, creating at Kent the International Liquid Xtal Company (ILIXCO), as early as in 1970. ILIXCO produced the first field operating LCD used in wrist watches [16, 17]. The invention’s impact was enormous, as “LCD technology, starting with quartz watches and calculators, has completely redefined many industries, such as computer displays, medical devices, and the vast array of consumer electronics”, as stated at the website [18] of the National Inventors Hall of Fame, into which Fergason was inducted in 1998.  The invention and its commercialization planted the seed for the remarkable LCI culture that continued to fluorish through the following decades, as a relatively small number of people have spawned many other companies in the field. 
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Polymer dispersed liquid crystals (PDLCs) invented at the LCI by J.W. (Bill) Doane [19] and polymer-stabilized cholesteric textures (PSCT) discovered by Chien, Doane, West and Yang [20,21] introduced a new paradigm in LC research, namely, that heterogeneous composites containing a LC as one of the ingredients, might possess unique properties leading to unique applications. These technologies led to new products, such as bistable reflective displays, developed at new companies in Ohio, such as Kent Displays, Inc., which will be discussed later.  

Current research on flexible displays (West [22]), LCs for real-time sensing of microbes (Lavrentovich and Woolverton [23-25]), non-mechanical beam steering devices (Bos and West [26, 27]), optical metamaterials capable of “hyperlensing” surpassing the Abbe’s diffraction limit (Palffy-Muhoray [27], Li and Lavrentovich) and LC elastomers (Palffy-Muhoray) [28, 29] all further advance not only the fundamental knowledge but also the commercialization opportunities in the State of Ohio. 

At the peak of active development of LC displays, Ken Werner, Editor of Information Display magazine, wrote “The only world-class center – in my opinion, at least – is Kent State University’s Liquid Crystal Institute.”  [30] What started as a small “twisted nematic” LC panel in a wrist watch first produced in Kent, developed into the enabling technology of laptop screens and now large flat panel televisions, a $100 billion/year world-wide LC display industry.   The LCI has an unsurpassed track record of transforming the scientific knowledge into the economic benefits for the State of Ohio and well beyond.  Due to successful LC research and innovations, Kent State ranked No. 4 nationwide in academic technology transfer [31].
The LCI has developed multiple mechanisms for the most efficient industrial partnerships.  The first venue is through licensing of intellectual property developed at the LCI; leading technology companies such as Samsung, Corning, Rockwell, Panasonic, and 3M acquire LC patent licenses from Kent State for a multitude of industrial, business and consumer applications. The second is in maintaining a highly successful and exemplary Industrial Partnership Program; see the Web site [32], currently featuring 22 industrial partners. The third is through multiple start-up companies which reside mostly in the Northeastern Ohio, in proximity of the LCI with its well developed infrastructure.  
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Kent Displays Inc. (KDI),  founded in 1993 by Doane, director emeritus of the LCI, and venture capitalist W. Manning, is now a world leader in the use of cholesteric “no power” LC display (ChLCD) technology.  ChLCD was invented at the LCI and licensed to KDI.  It is ideal for applications such as e-books, electronic signage and handheld instruments because it is based on the “bistable” principle of operation: electric power is needed only when the display information is changed, but no power is needed to maintain the information. The same platform technology allows one to develop flexible displays that function similar to the familiar LCDs but feature flexible plastic instead of rigid glass panels, thus substantially expanding the modes of applications.    

The technology has been licensed to Matsushita Electric Industrial Co. Ltd. of Osaka, Japan, and to Eastman Kodak.  The company collaborates with researchers at Kent (Yang, West) and currently employs 45. Many of these employees have been trained and educated at CWRU and KSU; for example, Rosenblatt’s graduate students and Singer’s postdoctoral researchers have taken jobs at KDI; 6 employees previously worked at the LCI [image: image9.emf]H
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as researchers and another 12 received their PhD and Masters degrees from KSU graduate programs. KDI is growing while striving to be a major U.S. manufacturer of flexible displays; it is one of the many local companies involved in the FLEXMatter initiative [22] led by West. 
Another company with roots in the LCI is AlphaMicron Inc. (AMI), founded in 1997 by LCI scientists Drs. Bahman Taheri, Palffy-Muhoray and Tamas Kosa. Their initial project was to develop switchable eyeware for U.S. Air Force pilots capable of offsetting rapid and radical changes in lighting conditions.  The work led to a patented technology called Variable Attenuation Liquid Crystal Device (VALiD), which allows one to use a LC as a display material comfined between double curved plastic substrates, the next level of flexibility as compared to the current glass-based LCDs. AMI subsequently expanded the technology platform, developing prototypes of motorcycle helmets, sunglasses, sun-sport glasses and ski goggles which allow users to automatically (with the touch of a finger switching the power of a small battery in the frame on and off) control lens tint and color.  They also work with Kent State’s School of Fashion Design and Merchandising to develop high-fashion variable-tint sunglasses for mass markets.  The company employs 33 people, 9 of whom have graduated from KSU and additional 8 previously worked at the LCI.

The concept of combining LCs and polymers into new materials was conceived at the LCI and gave birth to another company, Kent Optronics, Inc. (KOI), founded by CPIP Professor Deng-Ke Yang. The company, currently employing 13 (senior personnel educated at CWRU and KSU), is engaged in developing, manufacturing and commercializing electrically activated LC devices for defense and civilian applications.  The key products include active laser protection devices, multispectral polarized projection display, infrared laser projection display, variable bandwidth tunable filter, variable iris, switchable light shutter and tunable lasers.  The main customers are U.S. Air Force, U.S. Army, NASA, Teledyne Technologies Inc. and Raytheon Co.  

LXD’s (Cleveland) roots go back to Fergason’s ILIXCO, the producer of the first commercial LCDs.  With headquarters currently in Cleveland, LXD has more than 1,000 employees worldwide. The company collaborates with Bos, Woolverton and Lavrentovich in the development of aligning substrates for LCs. 

CoAdna Photonics, Inc. was founded in 2000 by CPIP Professor Jack Kelly and former LCI’s graduate student Dr. Jim Yuan. With a manufacturing facility in Northeastern Ohio (91 employees, 10 of which has previously worked at the LCI and 8 of which are PhD and Master degree graduates of the LCI’s graduate program), CoAdna is one of the fastest growing companies in Ohio (the employment increased four-fold within the last two years). The company manufactures the key enabling component, namely, LC based fiber optics switchers, for advanced networks currently deployed by Verizon and other giants of telecommunications.
Research on composite materials such as PDLCs conducted at the LCI led to another new development with potentially enormous economic benefits.  Cleveland Botanical Garden (CBG), a national leader in urban horticulture and environmental education, has established collaborations with the LCI to adapt electrically controllable and energy efficient LC light panels for energy-efficient greenhouses [33].  Because of extreme challenges of light, heat and water, this new application requires one to shield the LC, for example, by polymer encapsulation, which is exactly the principle of PDLCs invented at the LCI [19-21].  

Other examples of how the RC-SAM faculty are constantly expanding the scope of their research and seeking new applications are beam steering and biological sensors.  Over the last 6 years, Bos and West led a broad program established by DARPA, on non-mechanical beam steerers; the research was performed in cooperation with scientists at Akron-based Lockheed Martin facility.  Lavrentovich and Woolverton collaborated with scientists at Northeastern Ohio Universities Colleges of Medicine and Pharmacy (K. Doane and G. Niehaus) and developed a new LC technology for a real-time biological sensor [23-25]. The approached, highlighted in [34], has been licensed to Oringen, an Ohio start up company that currently is comprised of only 3 employees but promises to develop rapidly through collaboration with our academic institutions and local industry, such as LXD. 
At CWRU, faculty involved in the advanced materials program, have a long and successful record of creating new knowledge that has led, both directly and indirectly, to a strong technology base in Ohio.  In addition to educating the workforce for local companies such as KDI, KOI, and Applied Vision in the Akron area, CWRU physics has produced faculty members at many universities around the state. Singer is a member of the Technical Advisory Board of Nanofilm, LLC, a local nanotechnology company, and also is an active member of the Advisory Board of Nano-Network, a northeast Ohio organization associated with NorTech, which facilitates collaboration among Ohio’s nanotechnology companies and universities.  Brown works closely with Cleveland Clinic and Philips, in problems dealing with imaging of biomaterials.  Many of Case’s RC-SAM faculty have successful patents on imaging and LC technologies which have been licensed to companies in Ohio.  Singer is an inventor of a broad polymeric electro-optic switching technology that is current emerging into the marketplace, Rosenblatt and Petschek developed and licensed a vertically-aligned cholesteric LCD technology, and Petschek has developed an electrode pattern technology that has garnered millions of dollars in royalties.
A unique feature of our group is CWRU’s Physics Entrepreneurship Program established in 1999, which trains physicists to apply their scientific skills to start-up companies and innovation. Its graduates have founded Ohio companies such as NeoMed Technologies in Cleveland, which designs and markets coronary artery disease detection devices, Aria Analytics in Cleveland, which manufacturers devices that characterize liquids for industrial and medical use, and EFC and Associates, a consulting company specializing in entrepreneurial business development. Other graduates currently hold prominent positions in companies ranging from start-ups to Fortune 100. The program has since evolved into the Science and Technology Entrepreneurship Program (STEP), and covers other disciplines such as biology, chemistry, and statistics. As described below, the STEP will be harnessed in this project to involve Case graduate students in technology transfer and business development.
YSU also brings strong ties to the startup and new growth of industries in the far eastern part of the State, including related fields of electronics and advanced materials development.  Through its close ties with the Youngstown Business Incubator (YBI), YSU has been a major participant in the YBI, whose primary mission is to accelerate the startup and growth rates of scalable technology-based businesses in the greater Mahoning Valley. YBI companies have been awarded 16 intellectual property patents, developed 19 new commercial software applications, created over 170 new jobs, and supported customers in 44 foreign countries, and twice earned the State of Ohio’s Emerging Technology Award.  YSU will work with YBI to further this record through development of intellectual property and commercialization related to the RC-SAM. The specific collaborations of individual faculty in the RC-SAM group with industrial collaborators is described further in part c. below. 
The examples above clearly demonstrate that our Research Cluster is a powerful source of new and exciting ideas in the field of research, education and commercialization in NE Ohio, designed to succeed in the creation of new products and new jobs through knowledge and new businesses. 

c. Significant collaboration includes industrial outreach centers, other academic and non-profit institutions, and interdisciplinary relationship within an institution

The very idea of the Liquid Crystal Institute was to establish an institution of an interdisciplinary nature where physicists, chemists, theorists can focus on a specific type of materials - liquid crystals. Currently, of the 25 senior personnel involved in LC-related research at KSU, 5 have a chemistry background (Li, West at LCI, Gericke, Twieg, Jaroniec at Chemistry), 11 are physicists-experimentalists (Bos, Jakli, Kelly, Lavrentovich, Palffy-Muhoray, Yang at LCI, Finotello, Kumar, Mann, Sprunt at Physics), two are  theorists (J. Selinger at LCI, Allender at Physics), two are material scientists (Chien, Wei), one is numerical simulations expert (R. Selinger),  two are mathematicians (Gartland and Zheng) and two are biologists (Kooijman and Woolverton).  At CWRU, close ties exist between the departments of Physics, Macromolecular Science, a world-renowned leader in polymers, and Chemical Engineering in the areas of soft matter, semiconductors, and molecular templating, with Mechanical and Aerospace Engineering on topics involving fluid dynamics and interface instabilities, Biomedical Engineering on interfacial phenomena and imaging, and with a number of departments at the CWRU School of Medicine.  The new National Science Foundation Science and Technology Center on Layered Polymer Systems (CLiPS) at CWRU draws strongly on this history of collaboration and includes YSU as one of its affiliate institutions. 
Significant collaborative efforts by KSU and CWRU faculty are reflected in large-scale projects funded by NSF and DARPA.  The NSF initiative of the early 1990s to create a number of science and technology centers in the U.S. led to the selection of the Liquid Crystal Institute at KSU and its CWRU, Akron, and industrial partners as the nation’s only STC in the field of liquid crystals.  During its 11-year existence, the maximum duration permitted by NSF rules, 1991-2002, NSF STC ALCOM led by Doane and West, received $22M from NSF, $9.5M from the State of Ohio, $4.5M from industry, and $9.7M from other federal funds.  As a result, it added $70M in value to the Northeast Ohio economy and placed KSU as fourth nationwide in terms of the number of startup companies formed per $10M spending on research (Chronicle of Higher Ed., July 19, 2002).  The majority of the current team participating in this proposal have the experience of collaborating within NSF STC ALCOM (Rosenblatt, Petschek, Taylor, Singer at CWRU, and Allender, Bos, Chien, Finotello, Gartland, Jakli, Kelly, Kumar, Lavrentovich, Palffy-Muhoray, Twieg, Yang, West at KSU).   

Currently, KSU and CWRU faculty continue to lead major nation-wide collaborative research projects.  Palffy-Muhoray leads the “Multi-University Research Initiative on Self-assembled Soft Optical Negative Index Materials”, AFOSR, a $5,500,000 project with participants representing KSU,  New York University’s Courant Institute, Iowa State University, University of Central Florida, University of Michigan, Wake Forest University, and the University of California, San Diego. The project unites the expertise of Palffy-Muhoray in optics, Li in synthesis and functionalizing of nanorods, and Lavrentovich in lyotropic LCs and imaging of three-dimensional structures. Palffy-Muhoray also leads the NSF-funded, “New Liquid Crystal Materials Facility”, a $899,235 project to develop new materials that combine properties of both LCs and rubber (LC elastomers); the project involves expertise in the field of physics, imaging, chemistry (Li and Chien), and materials sciences (West). Other faculty are involved in similar projects; for example, Jakli, Gartland and Lavrentovich collaborate with mathematicians at Purdue University and the University of Minnesota in the NSF-supported “Focus Research Group on Ferroelectric Phenomena in Liquid Crystals”.  Sprunt and Lavrentovich lead the NSF “Materials World Network on Lyotropic Chromonic Liquid Crystals”, collaborating with their colleagues in Greece and Ukraine.  
Through CWRU’s new NSF Science and Technology Center for Layered Polymer Systems (CLiPS), faculty in advanced materials such as Singer and Shan maintain close collaborative ties with partner Fisk University in Nashville, Tennessee, a HBC&MI institution, the University of Texas, University of Southern Mississippi, YSU and several other predominantly undergraduate institutions, as well as with the Cleveland Municipal School District.  Andrews, Oder, and D. Price at YSU are all affiliated with CLiPS and are working jointly with faculty in physics and macromolecular science at Case on studies of layered polymers, as discussed further below, involving both electrooptical/photonic applications and applications as membranes for gas diffusion barriers and selectivity. 
Last summer, the group of KSU (Gericke, Jakli, Lavrentovich, Palffy-Muhoray, J. Selinger, R. Selinger, Wei and Zheng) and CWRU (Rowan, Weder) created an initiative to establish the NSF Materials Research Science and Engineering Center (MRSEC) on Orientationally Ordered Materials”, a $10,608,932 project that unites 15 Senior Investigators, from KSU, CWRU, Syracuse University, Cleveland State University, Brookhaven National Laboratory, and AlphaMicron, Inc.  NSF invited the group to submit a full proposal which was submitted on Jan.18, 2008, by Peter Palffy-Muhoray (projects PI) and his colleagues.   Out of 15, 10 of these investigators represent KSU and CWRU faculty members who are also involved in the current proposal.  

It is important to stress that the collaboration among the participating faculty is not limited to the cases when the participants are united by a joint grant. Our faculty members collaborate whenever there is a need in complementary expertise to solve a scientific or technological problem, co-authoring numerous research publications, e.g., Lavrentovich has co-authored publications with Bos, Finotello, Gartland, Gleeson, Jakli, Kelly, Kumar, Li, Palffy-Muhoray, Yang, Woolverton, West at KSU, as well as with Singer and Rosenblatt at CWRU.  Similar examples are characteristic of other faculty. CWRU-KSU collaborations significantly pre-date the creation of NSF STC ALCOM in 1991 and strongly continue today.  Several joint Case-Kent research grants exist, such as the recently completed NSF project among Singer and Petschek at CWRU and Twieg at Kent, on the topic of Nonpolar Electro-Optic Materials.  Rosenblatt at CWRU works with Kumar at Kent on lyotropic LCs, with Lavrentovich on biaxiality, and with Kent’s chemical synthesis staff, including Dr. Mary Neubert (now retired) on antiferroelectric LCs.  Taylor at CWRU works with Palffy-Muhoray and Kumar at Kent on issues of phase separation, and with Yang on PDLCs.  Petschek at CWRU has worked with Neubert on ferroelectric LCs, with Palffy-Muhoray on exotic nematics, and with Twieg and Neubert on high birefringence LCs.  Singer at CWRU has a long standing collaboration with Palffy-Muhoray at Kent on nonlinear optics of polymers and LCs, as well as with Twieg.  Singer and Petschek also have both recent and long-term collaborations with Andrews at YSU.  Andrews received his Ph.D. from CWRU where he was Singer’s first graduate advisee and also collaborated on research with Brown, as well as other CWRU faculty including S. Eppel in Biomedical Engineering.  Recently (2006-07), Andrews spent a sabbatical year at CWRU which led to an appointment of Andrews as adjunct faculty in the Physics Dept. at CWRU, a position recently renewed. Also, Oder at YSU is collaborating with F. Li of the Dept. of Electrical and Computer Engineering, who is a recent CWRU doctoral graduate and maintains ongoing collaborations with the Dr. M. Tabib-Azar and J. Mann for use the CWRU Sensor and Device Characterization Facility and  Microfabrication Laboratory.
Our cluster is especially proud of the established tradition of industrial partnership, recognized at the national and international level.  The NSF STC ALCOM model led to the concept of the highly successful Industrial partnership Program (IPP) [32], started in 1991 at the LCI.  Over the last 16 years, more than 50 companies participated in IPP. The mutual benefits have been so significant that the program continues to flourish today, 6 years after the end of ALCOM, featuring 22 member companies.  Since many companies were launched as LCI spin-offs, it is only natural that they continue to collaborate closely with the scientists at KSU.  Eight of the 22 current IPP members are Northeast Ohio liquid crystal companies.  Members are:  ADS Transicoil (Collegeville PA), Advantech U.S. (Pittsburgh PA), AlphaMicron (Kent OH), Cambrios Technologies (Mountain View CA), CoAdna Photonics (Stow OH), Corning (Corning NY), Display Plastique (Aurora OH), Dow Corning (Midland MI), Dynamic Eye (Amherst NY), Eastman Chemical (Kingsport TN), Eastman Kodak (Rochester NY), Hana Microdisplay Technologies (Twinsburg OH), Hewlett Packard (Corvallis OR), Flight Specialities (Highland Heights OH), Kent Displays (Kent OH), Liquid Crystal Technologies (Cleveland OH), Live Technologies (Mt. Lawley, Australia), LXD (Cleveland OH), NASA Langley Research Center (Hampton VA), Sarnoff (Princeton NJ) and Sunnybrook Health Sciences Centre (North York, Ontario, Canada). The IPP provides for the research and industrial community through Resource Facilities (Bos), Synthesis Facilities (Li and Chien) and Characterization Facilities (Lavrentovich and Shiyanovskii).  The LCI staff provides services (synthesis, cleanroom time, materials characterization, etc.) at no cost to faculty from other KSU departments.

There are also many individual collaborative ties between KSU/CWRU/YSU faculty and local industry.  Rosenblatt has worked with companies such as KDI and several law firms in Ohio on issues related to intellectual property.  Chottiner works closely with GenVac Aerospace and IVAC, both in Cleveland; Bos, Lambrecht and Lavrentovich work with scientists at NASA Glenn Research Center, Lambrecht also collaborates with Cleveland Crystals, and Swagelok; Singer has worked with The Ohio State University, NASA Glenn Research Center, Cleveland Crystals, Nanofilm, and Miller-Holzworth.  Petschek works with both Wright-Patterson AFB and Applied Vision in Akron.  Yang, Kelly and Lavrentovich collaborate with Akron Polymers, while Woolverton and Lavrentovich cooperate with Oringen on the development of LC-based biosensors. At YSU, Andrews has worked with Applied Vision in Akron in using applied optics for product characterization at (machine vision identification of defects) and Butech in Salem (laser Doppler velocimetry), and with researchers at the NASA Glenn Research Center (laser feedback interference microscopy for surface characterization). D. Price is working with Babcock and Wilcox to perform a techno-economic feasibility study on carbon capture through the use of solid sorbents, and is expanding his expertise in the use of polymer membranes for CO2 selectivity. Price has also assisted GiaRussa (a food company in Youngstown) in the improvement of their cooling line for pasta sauces, and EF Global (a metal products company in Salem, OH) in analyzing furnace gases. Simmeonsson has recently begun a collaboration with Applied Natural Sciences, Inc., an Ohio company, on chemical monitoring of contaminants.
As described elsewhere, the ultimate example of our strong industrial partnership activities is the creation of commercial start-ups by our faculty.

As part of our ongoing interactions, a number of projects are currently being developed among Kent State and CWRU faculty, which exploit the strengths of the two universities. These will be presented in the Growth Plan portion of this proposal.  Our collaboration also extends to the area of education. Rosenblatt shepherded formal agreements at the Provost level involving student and faculty exchanges between CWRU and the University of Calabria in Italy, University of Paris VI in France, and he currently is negotiating with Nagaoka University of Technology in Japan.  These agreements bring foreign students and scholars to CWRU and send CWRU faculty and students to foreign institutions for periods from one week to a full year.  The goal not only is intellectual exchange, but also the introduction of foreign visitors to the culture and scientific infrastructure in Ohio.  KSU departments (Chemistry, LCI, Biology) secured NSF support for the Research Experience for Undergraduates (REU) and for International Research Experience for Students (IRES) and scientists from LCI, Physics and Chemistry at KSU hosted about 60 undergraduates from the Republic of Korea to teach them the basics of LCs.  

The examples above do not exhaust all the collaborative activities in place at KSU, CWRU, and YSU.  We particularly did not discuss in this section our international research and industrial partnerships; however, it is clear that RC-SAM demonstrates an exemplary ability to combine academic research and industrial entrepreneurship into winning formulas, crossing the boundaries of disciplines and modes of business. 
d. The research groups are highly productive with distinguished faculty members and researchers having a substantial history of extramural funding and a record of attracting scholar-leaders of international eminence

KSU, CWRU, and YSU faculty hold PhD degrees from a diverse list of universities such as Harvard, UPenn, Cambridge, MIT, Yale, Kent State, Purdue, Southern Mississippi, Missouri, North Carolina, Clarkson, Illinois, British Columbia, Eotvos Lorand (Hungary), Columbia, Moscow State University, Carnegie-Mellon, Hawaii, Auburn, CWRU, Notre Dame, and Florida.  
The faculty is comprised of an interdisciplinary team of internationally recognized scientists as evidenced by publications in journals such as Nature, Nature Materials, Science, and Physical Review Letters. 

KSU and CWRU faculty is trusted with leading roles in the international community, e.g., in the International Liquid Crystal Society, Kumar is current President, Palffy-Muhoray, former Vice-President, E.C. Gartland, former Treasurer, Rosenblatt and Lavrentovich, former Membership Secretaries, Rosenblatt is currently a member of the Board of Directors and Lavrentovich is the member of the International Steering Committee. 

The International Liquid Crystal Society named two KSU researchers as Honored Members, namely, J. William Doane, “for leadership in fundamental and applied LC research, especially use of solid state NMR, spearheading the development of liquid crystal polymer dispersions and, more recently, the application of the cholesteric phase in displays”, and A. Saupe, “for pioneering development of fundamental theories and experimental studies of liquid crystals that have contributed significantly to the foundation of subject.” [35]  In 2007, Doane was awarded the Slottow-Owaki Prize of the Society for Informational Displays (SID) for Display Education.  "Professor Doane is being recognized for his leadership of the LCI and the NSF Science and Technology Center. Under his direction, these institutes became the leading university-based display programs in the United States," commented SID's 2007 Awards Chair, Chris King at a SID meeting in San Jose, CA, on April 4, 2007.  In 2002, M. Neubert was honored with the Frederiks medal of the Former Soviet Union Liquid Crystal Society for her synthesis of liquid crystal materials over 30 years at the LCI.  The Ministry of Science and Technology of Republic of Korea recognized S. Kumar, physics faculty at KSU, with the award for his invention in the field of LC displays, at the First International meeting on Information Displays, in 2001.  Kent’s award was the only one awarded outside of Korea.  Kumar also received the very recent 2007 Director’s Award for Excellence from the National Science Foundation (NSF). Kumar has served as Program Director for the Condensed Matter Physics program of the Division of Materials Research at the NSF since 2005, while still maintaining a part-time presence in KSU’s Physics Department where his research effort continues at a vigorous pace. The Director’s Award is the highest honor presented to NSF employees, and Prof. Kumar has been recognized for "exceptional performance in coordinating merit review of interdisciplinary condensed matter physics proposals". 

Many participating faculty are Fellows of professional societies. For example, half of the condensed matter faculty at CWRU are recognized as Fellows of the American Physical Society (Brown, Lambrecht, Rosenblatt, Singer, Taylor).  Singer is also a Fellow of the Optical Society of America. Taylor is a Fellow of the American Association for the Advancement of Science and a recipient of the 2003 W. Fowler Award for Distinguished Research in Physics, APS Ohio Section and the 2004 Award for Excellence in Teaching from the Northeast Ohio Council on Higher Education.  At KSU, Chien and Lavrentovich are Fellows of International Society of Optical Engineering, Yang is the Fellow of the Society for Information Displays. Bos, Kumar, Lavrentovich and Palffy-Muhoray have received the KSU Distinguished Scholar Award in recent years for their studies of LCs. Woolverton and Lavrentovich were recipients of the 2002 NorTech Innovation Award for LC-based biodetection technology.  West is the recipient of the 1989 ACS Arthur K. Doolittle Award and 1997 Goodyear Corporate Inventor Award.
The science and technology of soft matter in general and LCs in particular is a relatively new branch of knowledge with new developments emerging at a high rate.  As pioneers in the field, our faculty members are actively summarizing this knowledge.  Recently, Yang in co-authorship with S.T. Wu (University of Central Florida) published two textbooks on applied science of LCs [36, 37]; Jakli and Saupe co-authored the book on smectic and columnar materials [38], while Lavrentovich co-authored with M. Kleman (Universites Paris V et VI) a book on soft matter physics [39]. Philip Taylor co-authored a book on condensed matter physics [40].  

Our faculty is also actively involved in knowledge dissemination through periodical journals, e.g., Philip Taylor is currently serving on the editorial boards of Physical Review B, Polymer, Ferroelectric Letters. Palffy-Muhoray and Jakli launched the hugely successful electronic-Liquid Crystals (http://www.e-lc.org/). J. Selinger is one of the editors of Physical Review E, responsible for the section on Liquid Crystals. Lavrentovich serves on the editorial boards of Physical Review E and Chemistry Central, a new international peer-reviewed open access journal (http://www.chemistrycentral.com/]. Rosenblatt and Kumar are on the editorial board of Liquid Crystals. Palffy-Muhoray is currently the Board President of Optics of Liquid Crystals and serves on the editorial board of Molecular Crystals and Liquid Crystals.

Because of its international reputation, the LCI is capable of attracting high-caliber talent from the nation and world.  The most recent example is Dr. Jonathan V. Selinger who became the LCI’s Ohio Eminent Scholar in 2005. Selinger’s primary research emphasis is in soft condensed matter theory and includes work in thermotropic and lyotropic LCs, polymers, Langmuir monolayers and lipid microstructures.  Most recently he has concentrated on LCs in contact with biological interfaces, elastomers, and on liquid-crystal based acoustic imaging devices for the U.S. Navy.  Selinger leads research to understand physical properties of soft matter and to translate this knowledge into new technologies and applications in such diverse fields as electro-optics, photonics, nano-technology and biotechnology.   He is an associate editor of Physical Review E, and is responsible for the review and selection of papers for the journal’s section addressing liquid crystals.  He holds Bachelors, Masters and Ph.D. degrees in physics from Harvard University. He has held professional positions at Harvard, California Institute of Technology and the University of California at Los Angeles. The tradition of attracting distinguished scientists to the LCI dates back to 1960s, when the LCI added J. Fergason from Westinghouse Research Laboratories and Alfred Saupe from Germany as its Associate Directors. Jakli, Palffy-Muhoray and Lavrentovich were recruited through international searches, arriving in Ohio from Germany, Canada and France, respectively.

Faculty at both KSU and CWRU are highly productive in terms of research publications, e.g., for the faculty that worked at the LCI over the last 10 years (Bos, Chien, Lavrentovich, Palffy-Muhoray, West, Yang), the productivity was about 9 publications per year per faculty in peer-reviewed journals.  Extramural funding at the LCI/CPIP (averaged over fiscal years 2004, 2005, 2006) was $230,000 per faculty member.  Table 2 below lists currently active grants lead by RC-SAM faculty at KSU, CWRU, and YSU: 
	Table 2:  Current Grants

	Research Experience for Undergraduates Site at KSU: Liquid Crystals and Advanced Materials
	NSF

4/07-3/10
	$229,743
	Gericke, Jaroniec, Lavrentovich, et al.

	Ohio Consortium for Undergraduate Research: Research Experiences to Enhance Learning 
	NSF

1/06-12/10
	$60,000
	Gregory, Gericke

	International Research Experience for Students: Collaborative Research in Europe on Liquid Crystals 
	 NSF

9/07-8/10
	$92,000
	Jakli

	Materials World Network on Lyotropic Chromonic Liquid Crystals
	NSF

9/07-8/10
	$360,000
	Sprunt, Lavrentovich

	Multi-University Research Initiative on Self-assembled Soft Optical Negative Index Materials
	AFOSR

5/06-4/09
	$537,636
	Palffy-Muhoray, Li, Lavrentovich

	New Liquid Crystal Materials Facility
	NSF

6/05-5/09
	$899,235
	Palffy-Muhoray, Lavrentovich, West

	PixelOptics Super Vision Project
	PixelOptics

12/07-11/08
	$400,000
	Bos

	LC Based Optical Phases Array for Steering Lasers (Extension Proposal)
	AFRL

3/06-6/08
	$451,450
	Bos

	Fluorinated Polyimide Alignment Layer Research
	Dupont, 

6/06-1/09
	$160,000
	Bos

	Polarization Independent Etalon Based LC Devices
	Intel 10/05-9/08
	$189,000
	Bos

	Collaborative Research MPSA-ENG: Dynamics of Iinterfacial Domains
	NSF

9/07-8/09
	$200,356
	Mann

	Structural and Morphological Characterization of Ceramide-1-Phosphate Membranes
	NSF

9/07-8/10
	$423,915
	Gericke

	Fluorescence Confocal Polarizing Microscopy of Three-dimensional Director Configurations in LCs
	NSF

11/05-10/08
	$360,000
	Lavrentovich

	Electric Field Effects in Liquid Crystals with Dielectric Dispersion
	Dept. Energy

6/06-5/10
	$670,176
	Lavrentovich

	Center for Multifunctional Polymer Nanomaterials and Devices (CMPND) (equipment grant)
	TFP

6/05-6/08
	$365,435

(KSU share)
	Lavrentovich

	W.M. Keck Foundation Grant for the Instrumentation to Study Liquid Crystals of Biological Significance
	W.M. Keck 

6/05-5/08
	$849,000
	Lavrentovich, Woolverton

	Mechanism of Hard Tissue Mineralization
	NIH, 7/06-4/11
	$392,869
	Boskey, Gericke

	Compact 7kW Power Generator for Military Vehicles
	Defense Appr.
	$200,000
	Tolmachev

	Periodic Mesoporous Organosilicas for Removal of Heavy Metal Ions
	NSF

 
	$200,000
	Jaroniec

	Chromonic Liquid Crystals as a New System for Controlled Drug Delivery
	OBR

1/07-12/08
	$50,000
	Finotello, Woolverton

	Light-Harvesting Semiconducting Discotic Liquid Crystals for Organic Nanostructured Photovoltaics
	OBR

1/06-1/08
	$60,000
	Li, Jakli, Kumar

	Optimization of Flexoelectric and Blue Phase Bimesogens
	OBR

1/08-1/10
	$48,618
	Twieg, Jakli

	Lyotropic Chromonic Liquid Crystals for Optical Polarizers
	Samsung

12/07-11/08
	$100,000
	Lavrentovich

	Plasmonic Subwavelength Structures for Active Color Generation and Tuning with Liquid Crystals
	Samsung

12/07-11/08
	$80,000
	Wei

	Synthesis of the Biaxial Nematic LCs
	Samsung

12/07-11/08
	$80,000
	Li

	Liquid Crystal Display Doped with Ferroelectric Nanoparticles
	Samsung

12/07-11/08
	$80,000
	West

	Development of Color Cholesteric Liquid Crystal Displays and their Electro-optics
	Samsung

12/07-11/08
	$130,000
	Chien

	Flexible Liquid Crystal Film Manufacturing Alliance
	Ohio Dep. Development
	$930,000
	West

	Commercialization of functional polymide films and nanocomposites
	TFP/ Akron Polymer Sys.
	$300,000 (KSU share)
	Yang

	Graduate Assistantships in Areas of National Need
	DoEducation

4/06-3/09
	$341,016
	Akerib, Kash, Rosenblatt

	Biomedical Structure Function
	ODOD
	$863,906
	Brown

	Development of Instrumentation for Plasma-Assisted Liquid Epitaxy
	NSF

8/04-6/08
	$263,001
	Kash

	Graduate Assistantships in Areas of National Need
	DoEducation

8/05 – 8/08
	$693,432
	Kash, Rosenblatt, Singer

	World Materials Network:  Rare Earth and Transition Metal Nitride Spectroscopic Studies
	NSF

9/07 – 8/10
	$264,000
	Lambrecht

	Rare Earth Doping
	ARO

3 years
	$240,000
	Lambrecht

	High Dielectric Constant Complex Fluids
	ONR

2/05-9/08
	$200,000
	Petschek

	Nissan Discretionary Fund
	Nissan Chem. 

2/04 – 3/08
	$50,000
	Rosenblatt

	Symmetry and Molecular Architecture in Liquid Crystals
	NSF

12/03 – 12/08
	$339,860
	Rosenblatt

	Nanoscopic Surface Modification for LC Orientation
	DoEnergy

9/05 – 9/09
	$380,646
	Rosenblatt

	Nanotomography of Liquid Crystals
	Petr. Res. Fund

9/06 – 8/08
	$80,000
	Rosenblatt

	Graduate Assistantships in Areas of National Need
	DoEducation

4/1/07-3/31/10
	$383,646
	Rosenblatt, Kash, Akerib

	Dynamic Crystals
	NSF

7/06-6/09
	$280,202
	Singer

	10th Int’l Conference on Organic Nonlinear Optics
	ONR

2008
	$6,400
	Singer,Twieg (KSU)

	Ciba Discretionary Fund
	Ciba Chemicals

1/04 – 12/09
	$15,000
	Singer

	NSF CLiPS Center
	NSF

8/06 – 7/11
	$1,000,000
	Singer, Shan

	CAREER Award
	NSF

1/04 – 1/09
	$358,393
	Shan

	Near Field Terahertz Time Domain Spectroscopy
	Res. Corp.

1/04-12/08
	$35,000
	Shan

	Terahertz Spectroscopy
	Petr. Res. Fund

3/06-8/08
	$35,000
	Shan

	Theory Modeling and Simulation of Ion Tunneling in Ionomer Membranes
	DoEnergy

9/05 – 8/08
	$300,000
	Taylor

	Theory of Long Range Interactions in Smectic LCs
	Petr. Res. Fund

9/06  - 8/08
	$80,000
	Taylor

	High Dielectric Constant Complex Fluids


	ONR

9/05 – 8/08

	$200,000

	Petschek


	YSU NSF CLiPS Center Affiliation Projects

	CWRU subcontracts

01/08-7/11
	$40,000
(estimated)
	Andrews

	Improved Thermal Stability of Metal Contacts and Diffusion Barriers to SiC and AlxGa1-xN using Refractory Metal Borides
	NSF RUI EPDT

11/06-11/09
	$150,000
	Oder




	Evaluation of Carbon Dioxide Capture on Solid Sorbents
	Babcock andWilcox, Inc.

2007-2008
	$46,000
	Price

	WERC Environmental Design Competition 
	Dominion Foundation

2007  - 2008
	$15,000
	Price

	
	
	
	


The advanced materials group at CWRU brings in approximately $1.5m per year in funding from agencies such as NSF, Dept. of Energy, Dept. of Education, NASA, AFOSR, and ONR; they receive many honors and awards, and as part of the Physics Department, they rank among the top 10% of physics departments in the U.S. in terms of intellectual productivity.  The funding record has been stable and long term, e.g., Rosenblatt has received continuous single investigator support from NSF for 21 years.  The Physics Department also has been recognized by the U.S. Department of Education, having received five grants in its last six attempts — by any measure this is an outstanding record of success — for Graduate Assistantships in Areas of National Need (Physics).  Further evidence of CWRU’s distinguished record is the Physics Department’s receipt of an Ohio Eminent Scholar chair in the area of advanced materials physics in 2003 currently held by Norman Tien, Dean of the Case School of Engineering.  In addition to highly talented young investigators, several of our current faculty were lured away from secure positions at outstanding industrial and academic laboratories because of CWRU’s outstanding research environment.  Among these are Kash from Bellcore, Singer from Bell Laboratories, and Rosenblatt from M.I.T.  Also interesting to note is that formalization of the three international arrangements with universities in Calabria, Paris, and Nagaoka were initiated by the foreign universities, all seeking to strengthen ties with the Physics and related departments at CWRU based upon CWRU’s record of research and funding. 
Although YSU is a predominantly undergraduate institution, one indicator of YSU’s renewed emphasis on research is the growth in external funding and application for grant support, both of which have increased significantly in recent years. Between fiscal years 1997 and 2007, grants increased from $1,409,532 to $5,873,266. External funding agencies include the Air Force Office of Scientific Research, the American Chemical Society, the Raymond John Wean Foundation, Research Corporation, the U.S. Department of Transportation, the U.S. Department of Labor, the National Aeronautics and Space Administration, the Ohio Board of Regents, the National Institutes of Health, the National Science Foundation, the Environmental Protection Agency, and the U.S. Department of Defense.

Faculty have been highly successful in securing equipment funding. As examples, the Department of Biological Sciences in the College of Science, Technology, Engineering, and Mathematics was awarded three grants totaling $869,000 from the National Science Foundation to fund proteomics research. Chemistry obtained $475,000 from the National Science Foundation to purchase a nuclear magnetic resonance spectrometer, equipment that helps faculty and students conduct cutting-edge research in biotechnology and nanotechnology. The Department of Defense has supported the STaRBURSTT CyberDiffraction Consortium, which serves as the node for the College’s substantial crystallographic research effort. Additional research activities are supported by regional and national businesses (e.g., Ajax Tocco Magnethermic Corporation, Babcock and Wilcox) and other regional consortia such as the Ohio Space Grant Consortium and the Ohio Learning Network.

The YSU Structure & Chemical Instrumentation Facility, directed by Prof. Allen D. Hunter, is indicative of the types of equipment available for graduate research at YSU.  The facility houses three single crystal and one powder X-ray diffractometer, three NMR spectrometers (60, 300 and 400 MHz), several mass spectrometers and a variety of other instrumentation. Its goal is to serve the educational and research needs of the students and faculty at YSU and at collaborating regional colleges.  The NMR Labs at the YSU Structure & Chemical Instrumentation Facility are equipped with two Varian multinuclear NMRs operating at 300 and 400 MHz, as well as an Varian EM-360 60 MHz NMR MHz instrument.

e. Research groups have a history of attracting academically outstanding graduate students

The graduate programs at CWRU and KSU, such as CPIP at LCI, offer a unique and effective educational environment to graduate students, involving them directly in multi-investigator, multi-disciplinary research that typically blends basic and applied research and provides access to the best facilities and equipment in the field of LC and materials science.  Through regular symposia, workshops, seminars and visiting scientist programs, students are introduced to the latest research results and leading liquid crystal scientists around the world.  We engage students in collaboration with foreign academic institutions, e.g., H. Mori performed his PhD research under the guidance of Prof. S. Kobayashi (Japan) and Bos.  Ivan Smalyukh, while being advised by Lavrentovich, collaborated with Dr. M. Nobili (France), Dr. N.V. Madhusudana and Dr. R. Pratibha (India), performing confocal microscopy studies of LCs.  Smalyukh then was awarded a postdoctoral fellowship from the International Institute for Complex Adaptive Matter, to apply the experimental techniques at Lavrentovich’s lab to study DNA solutions with liquid crystalline properties, and with Prof. Gerard C.L. Wong at the University of Illinois at Urbana-Champaign [41].   Smalyukh joined the University of Colorado’s Department of Physics as an assistant professor in 2007. S.H. Kim filed a joint patent application with Lachezar Komitov at the School of Physics and Engineering Physics, Chalmers University of Technology and Gothenburg University in Sweden.   The list of students-inventors includes also T. Ishikawa, T. Schneider, D. Voloschenko, C. Hoke, S. Saeed, M. Gu, and many others. 

Our graduate students working in the field of LCs are regular recipients of prestigious international, national and local awards. Greg Crawford (1994), Andrew Primak (2002) and Ivan Smalyukh (2006) were given the Glenn H., Brown awards of the International Liquid Crystal Society for their outstanding PhD theses.  In addition, Ivan Smalyukh received several international and national awards as a graduate student: 1) International Liquid Crystal Society Multimedia Award for Web Presentation, “Imaging of Liquid Crystals in 3D: Fluorescence Confocal Polarizing Microscopy”, 2) Microscopy Society of America - Royal Microscopical Society Conference Travel Scholarship, 3) SPIE Educational Scholarship in Optical Science and Engineering.  Tod Schneider and S.W. Kang were awarded the Silver Medal of the Materials Research Society.  D. Voloschenko received the SPIE Educational Scholarship in Optical Science and Engineering.  

In 2004, world leader in LC displays, Samsung Electronics Co. Korea, created a 5-year Samsung Scholarship program at KSU.  Each year KSU students compete for the prestigious title of Samsung Research Scholarship recipient.  Two students are selected each year for the award (at a stipend level exceeding the CPIP stipend). In 2005 the Greater Dayton Chapter of the Society for Information Display awarded three graduate students with Display Technology Scholarships. The Fred A. Lennon Trust in 2007 bestowed a challenge grant to support LCI entrepreneurial efforts.  The 3-year grant will provide $15,000/year for scholarships to be awarded based on a business plan competition and another $15,000/year for LCI’s operational funds.

Student admission to the CPIP is very competitive. Students admitted to the program had an average undergraduate GPA of 3.50.  Students in the program also maintain high GPAs throughout their coursework; the average GPA is 3.74 for students who have completed two years of required courses (1997-2003).   For the 2007-2008 academic year, we received 60 applications to fill 8 openings.  An interesting fact: the rate of passing the Candidacy exam at CPIP is about 90% which is lower than the post-graduation employment rate.

CPIP graduates are in high demand and secure positions in world renowned companies such as Agilent, Fuji Photo Film, Corning, 3M Company, Motorola, Three Five Systems, Apple Computer, Samsung Electronics and Intel.  More than 81% of graduates work in research positions in public, non-profit or private sector companies.  Graduates also secure faculty positions in U.S. and international universities. A graduate success story is Dr. Gregory Crawford who received a PhD in chemical physics at Kent State (advisor Doane) in 1991. Greg moved to the Naval Research Laboratory for postdoctoral studies, was then employed at Xerox Palo Alto Research Center and became a professor at Brown University.  While in Kent, he actively participated in NSF STC ALCOM outreach activities, developing LC-based science demonstration kits for K-12 children.  Coming to Brown, Greg built on his experience and expanded the educational infrastructure by introducing the innovative course Enterpreneurship I/II to teach students how to team up, to innovate, to develop a product and to form a start-up company.  In 2006, Prof. Grawford became the Dean of Engineering at Brown University. 

The CWRU Physics Department typically receives approximately 200-300 applications for admission to its Ph.D. program each year, of which only about 25 to 30 students in this highly competitive applicant pool are offered admission.  Of these, approximately 12-15 students matriculate each year, i.e., approximately half of the students offered admission matriculate, a very high rate of success, especially given the relatively small size of the program.  Of those students who matriculate, approximately half join the advanced materials research program.  Although the composition of the entering class varies from year to year, the typical class is comprised of approximately 30% women, and 50%-60% U.S. citizens.  Perhaps most telling about the quality of CWRU’s students is what they do after graduation.  During the past ten years all of CWRU’s physics students had at least one job offer prior to finishing their PhD degrees; most students had multiple offers.  Approximately five years beyond graduation nearly one-third of the PhD students are in tenure-track or open-ended long term positions (some foreign universities do not grant tenure) at colleges and universities.  Outside of the highly recognized elite institutions such as Harvard, M.I.T., Berkeley, this is a very high figure, again attesting to CWRU’s ability to attract superb graduate students.  Nearly all of CWRU’s students who eventually enter academia take jobs as postdocs immediately after graduation and before their appointments as assistant professors.  The remaining students are highly concentrated in industry or large government laboratories, with a handful entering alternative careers (such as on Wall Street).  These trends and figures cut across all disciplines within CWRU’s Physics Department, and are representative of the advanced materials group as well.  It is certainly worth noting that the award of five temporally-overlapping GAANN grants by the U.S. Department of Education is strong external testimony to the quality of its graduate program, as well as being an important mode for attracting high quality students.
Because YSU does not offer a doctoral program in engineering or the natural sciences, the graduate students recruited differ from the traditional doctoral student; nonetheless, the masters-level graduate chemistry, biology, and engineering programs have been able to attract high quality students.  Students come from a variety of backgrounds, including undergraduate chemistry, biology, and engineering programs in regional universities, from highly ranked international programs, and from our own undergraduate programs.  A reasonable number of our students are non-traditional graduate students who come with substantial industrial experience and recognize the need to enhance their education in order to improve their job skills.  Many of these graduates are very well placed and have a history of advancement in their respective companies. Also, YSU participates in the STARS (Student Achievement in Research and Scholarship) program, a statewide faculty mentoring program for gifted undergraduate minority students who are preparing themselves for graduate school and ultimately academic careers.  These undergraduate research programs will provide highly qualified undergraduate researchers for our initiative, as well as a pool of candidates for admission to our graduate programs. 
YSU supports student scholarship at both the graduate and undergraduate levels. Research requirements for graduate students vary by program. Most graduate assistants are teaching assistants. However, some assistantships are available to support students who work with faculty research projects or externally funded research programs. The Charles B. Cushwa, Jr./Commercial Shearing Inc. Graduate Student Scholarship/Fellowship Fund provides a $15,000 stipend to selected master’s degree students in science, technology, engineering, and mathematics. Students work 20 hours a week and spend one summer as interns doing research at related businesses. Graduate students can also participate in the Student Research Assistant program. The program promotes faculty scholarship while giving students the benefit of faculty mentorship. Juniors and seniors with grade-point averages above 3.0 and graduate students are eligible for these paid positions. In fiscal year 2007, 72 faculty members were allocated $108,000 to hire student research assistants. Currently, Oder, Simeonsson, and Price together supervise ten graduate students in their research. 
f. Services and infrastructure 

All the departments at KSU and CWRU participating in this project have state-of the art equipment, wireless Internet access, libraries, and modern laboratories.  Because the proposed new faculty research will be conducted specifically at the LCI (Kent) and Department of Physics (CWRU), we describe below primarily the infrastructure of these two units and a few representative laboratories at Kent, CWRU, and at YSU.  
KSU's $13.3 million Liquid Crystal and Materials Sciences building was completed in 1996. The three-story facility provides 65,000 gross square feet to house the LCI and CPIP. The building includes classrooms, a 143-seat auditorium, 22,000 square feet of research laboratories for more than 25 individual labs, cleanrooms (for creating prototype LCDs and training students and technicians in display manufacturing techniques). The LCI offers an extensive array of major research facilities and equipment for use by KSU researchers, industrial partners and collaborating researchers at universities, industry and federal laboratories.  The shared Resource Facility offers synthesis (Li), characterization (Lavrentovich) and prototyping (Bos) services.  Synthetic and characterization laboratories each have one technical specialist; prototyping facilities have two technical specialists. The facilities’ website, http://www.lci.kent.edu/ipp/07/index.htm, provides outside users with easy access to technical and service information. 

The Synthesis Facility (Li) produces low molecular weight and polymeric materials.  The facility consists of 2,000 square feet of chemistry laboratories with full capabilities for the synthesis of LCs, polymers, dichroic dyes and alignment materials. The value of the Synthesis Facility has been greatly enhanced recently by the addition of the NSF New Liquid Crystal Materials Facility led by Palffy-Muhoray which integrates the molecular design, synthesis, fabrication and characterization of LC elastomer/gel (LCE/LCG) materials, and is supported by one synthetic chemist technician, postdoctoral and graduate student researchers. The mission of this shared facility is to establish LCI as the focus of world-wide LCE and LCG development, and to break the bottleneck of synthesis of these new materials; therefore, the facility provides LCE/LCG materials to general research communities free of charge for further fundamental studies and device applications.

The value of the Synthesis facility is compounded by the Characterization Facility which can measure all relevant physical properties of synthesized materials and LC devices. The Characterization Facility, housed in 2,000 square feet of laboratory space, makes available ultraviolet/visible and infrared spectroscopy, X-ray, differential scanning calorimetry, and Abbe refractometry. A strong microscopic base includes state-of-the-art Nikon optical microscopes, fluorescent confocal microscope Olympus Fluoview BX-50, custom-modified for 3D imaging of LCs in polarized light (FCPM) as described at www.lci.kent.edu/Lavrentovich/FCPM website/FCPM.html. The characterization facility is also equipped with JEOL Scanning Electron Microscope and Atomic Force Microscope Nanoscope IIIa. In addition to the standard characterization of bulk properties of LCs (elastic constants, dielectric anisotropy and optical refractive indices), the facility provides characterization of surface parameters, namely, tilt angle and anchoring energy at different substrates.


The $6 million Prototype Facility is housed in a 2,500 square foot cleanroom. It includes a prototyping line, Lucent Technologies LCD Pilot line and W. M. Keck Cleanroom for thin film deposition.  The facility can produce all types of passive matrix LC displays and can develop new manufacturing processes.  Equipment includes Nissha Printer, Nikon Stepper, Fujioka Rubbing Machine, Asymteck XY Dispenser, Brewer Science Spincoater, Fukioka Plate Aligner, Utlra Megasonic Cleaner, UV Exposure System, General Vacuum ITO Deposition System, ink jet printers.  The equipment gives the LCI a state-of-the-art facility for materials research.   

Two equipment grants, from W.M. Keck Foundation and from Ohio’s Center for Multifunctional Polymer Nanomaterials and Devices, allowed us to add CARS microscopy to the battery of modern materials characterization techniques.  The CARS microscopy setup, completed in January 2008, would allow us to image in 3D chemical spatial distribution and orientation of preselected chemical bonds in LCs and other materials, with submicometer resolution.  We also purchased an LC-PolScope (LRI) system that allows one to produce a pixel-by-pixel mapping of optical retardance of birefringent materials in the range 0-270 nm; the instrument determines a local orientation of the optic axis and will be used extensively in the proposed research for determination of surface orientation of LCs.  An advanced set-up for dynamic and static light scattering, ALV/CGS-8F, has been installed at the LCI by ALV (Germany) in December 2007. It is based on a fiber optics approach to light scattering which greatly reduces uncertainty in the scattering angle and wavevector as compared to the refractive and lens/pinhole optics; it operates in a pseudo cross correlation mode. The LCI labs are also well equipped with state-of-the-art electrooptical, laser and spectroscopic instruments. 

At CWRU, as already noted, administration has made, and continues to make, substantial investments to maintain and upgrade facilities in the departments.  In addition to a complete gutting and overhaul of the Rockefeller Physics building in the mid-1990s and a significant upgrade to the adjacent Smith building, the University also has converted nearly all classrooms into “technology enhanced classrooms” with a variety of audio/visual facilities that interface with the University’s computer network.  A new University library was constructed in 1998, and maintains holdings of approximately 2.5 million bound volumes.  CWRU (as well as KSU and YSU) is a member of OhioLink for electronic data bases.  CWRU maintains a number of specialized stockrooms, including chemical and electronic stores on the Case Quad.  Within the Physics Department, there is a fully equipped machine shop and an extensive electronics stockroom.  Faculty routinely use the semiconductor fabrication facilities in the Micro Fabrication Laboratory and Electronic Design Center, and make use of clean room facilities and the technician staff at the LCI, for both individual projects and those in collaboration with Kent faculty.  The advanced materials group also operates a 1200 square foot centralized photolithography, thin film and device fabrication facility, including start-of-the-art optical microscopy and calorimetry.  This top notch student-oriented facility is equipped and administered jointly by Kash, Rosenblatt, and Singer, is available for use by all faculty and students, and also has been used by personnel from Kent State and YSU.  Several years ago there was a major expansion of instructional laboratory facilities, which includes the benefit of a $250,000 private donation to improve and update equipment in the senior and graduate laboratory courses, along with a $500,000 endowment, the interest of which is specified for continued improvements in the teaching lab facilities.  The undergraduate instructional laboratories rank among the best-equipped and most sophisticated of such facilities anywhere.

Within the research groups are many specialized facilities.  These include dynamic light scattering and high resolution ellipsometry, multiple atomic force and scanning tunneling microscopes, and a near field optical microscope that has been modified to facilitate “optical nanotomography” of soft matter with 3D imaging resolution in the lateral plane of ~ 100 nm and vertical resolution ~ 30 nm.  Additionally, CWRU has high and low temperature capacitance capabilities up to 10 MHz, high pressure facilities for transport measurements, and a full complement of surface probes such as Auger, LEED, and XPS.  Nonlinear optical spectroscopy facilities include a range of tunable lasers, with pulse widths from the nanosecond to femtosecond. A complete terahertz spectroscopy laboratory is housed in the Department.  The Physics Department also is affiliated with the Center for Chemical Dynamics in the Chemistry Department, which has a complete ultrafast optics laboratory.  Several simulated-microgravity facilities, a rheometry facility, and a Magnetic Resonance Imaging system also are housed in the Department.   A complete array of materials preparation and analytic facilities, as well as detection and data analysis equipment, also are on hand. CWRU experimentalists make extensive use Swagelok Center for Surface Analysis and Materials, a university-wide facility. On the computational side, CWRU installed the first gigabit fiberoptic network in the country, in addition to high-speed wireless internet.  Additionally, the Department of Physics maintains a number of specialized workstations, has a parallel cluster obtained through the Cluster Ohio Program and has easy access to the Ohio Supercomputing Center.  The University‘s IT department has also recently been building up its own High-Performance Computing (HPC) infrastructure.

Although research output most often is in the form of published journal articles, CWRU strongly encourages patenting and licensing of technologies that ensue from research performed on campus.  The Technology Transfer Office sponsors Case Tech Ventures, a pre-seed stage venture capital fund at the University, a complete licensing and tech transfer operation, a division that manages compliance with federal and state regulations, and every April it sponsors its Research Showcase, an enormous trade-show-like event for the community, companies, and venture capitalists, that is designed to highlight research done by faculty and students.  The glossy brochure, Value of Research, which each year selects one faculty member from each of the University’s schools, has highlighted three advanced materials physics faculty during the past four years:  Taylor in 2005, Rosenblatt in 2007, and Singer, Kash, Taylor and Lambrecht in 2008.  The fact that advanced materials faculty have had their research highlighted is a strong demonstration of University support.
YSU has three closely related instrumentation centers. The YSU Center for Biomedical and Environmental Research (YSU-CBER) is housed on the 4th floor of the Ward Beecher science hall and specializes in instrumentation for the characterization of biological and macromolecular materials. The YSU Structure & Chemical Instrumentation Center, YSU-S&CIC, is housed on the 5th floor of the Ward Beecher science hall and specializes in the characterization of non-biological materials. These two centers share staff, faculty participants, and instrumentation funding. Both centers serve the teaching and research needs of faculty and students from YSU and other users. The research-grade major instrumentations in these centers were purchased via combination of NSF, Foundation, State, and internal funds. In addition to the smaller GC-MS, chromatographic, spectroscopic, physical, and analytical instruments expected at any MS level institution, YSU is equipped with a wide range of advanced instrumentation, with plentiful instrument time available thus allowing students’ time to fully learn instrument operation and capabilities.  
The Photonics and Semiconductor Laboratory in the YSU Dept. of Physics & Astronomy maintain a growing optical  and electrical characterization laboratory headed by Andrews and Oder. This lab includes a variety of laser and photonics equipment for analysis of photoluminescence, nonlinear optics and spectral analysis, (including a 55-watt, 325 nm He-Cd laser; a quadrupled Nd:YAG 10-Hz laser, and a doubled 5kHz diode-pumped Nd:YAG laser, PMTs, monochromators, Optical Power meters etc), a high power Nikon microscope (Eclipse ME-6) with a set of objective lenses (up to 1,000x) for sample inspection and computer interfaced Keithley and Agilent meters and microprobes for I-V and CV characterization. The latter are interfaced with a dedicated Dell Pentium 4 workstation for data collection. Other equipment in this laboratory includes a student-constucted laser tweezer system, two vacuum deposition systems, one fitted with sputter guns for DC magnetron sputter deposition and the other fitted with graphite heater for vacuum annealing, and a well-equipped machine shop directly across the hall. Additionally, the YSU Physics is the primary user of a parallel cluster obtained through the Cluster Ohio Program and has easy access to the Ohio Supercomputing Center.  The cluster at YSU is currently being used by Andrews for modeling fields in layered polymers, work that is being coordinated with Singer’s group at CWRU, using finite-difference, time-domain techniques and a frequency band solver developed by MIT’s Photonics Band Group. 

YSU also jointly leads a national consortium of over 5 dozen Predominantly Undergraduate Institutions, Community Colleges, Historically Black Colleges and Universities, and Hispanic Serving Institutions (i.e., the STaRBURSTT consortium). YSU also participates in two of the NSF Chemistry Divisions largest Undergraduate Research Collaborations, the Ohio REEL project and the URC project at the Chicago Community Colleges. The YSU department of chemistry provides summer student research opportunities for URC students and will also - starting in 2008 - host summer schools on crystallography for community college students and faculty. Via their much deeper participation in collaborative research projects than is typically seen between US universities both the STaRBURSTT consortia as well as the Undergraduate Research Collaborations provide a feeder stream of diverse students to YSU who will benefit from YSU’s participation in RC-SAM.
g. The research is integrated with the strength of one or more of the state’s regional economies

It is safe to state that all of the Ohio-based economy in the field of LCs is an integral part of the research performed at KSU and CWRU.  All the industrial partners in this project, AlphaMicron, Coadna Photonics, Kent Displays, Kent Optronics and LXD, trace their roots to LC research performed in Ohio.  Detailed descriptions of research and development activities at these companies give a clear illustration of this statement.  Current faculty has been actively involved in the very process of starting new businesses, e.g., Doane co-founded Kent Displays, Palffy-Muhoray co-founded AlphaMicron, Kelly co-founded CoAdna Photonics, Yang co-founded Kent Optronics.  Woolverton and Lavrentovich’s work on biosensors led to the newly created company, Oringen, that aims to commercialize the technology by licensing it from KSU.

Our research is integrated with regional economies not only in the field of LCs, as evident from examples presented in many other sections of this proposal, but also in the much wider area of advanced materials. The integration of our research with the local economy is evident not only in the current projects but also through our strategic plans for future growth.  Liquid crystals, polymers and other advanced materials represent an area of vital importance to the economy of Ohio, giving rise to numerous small and mid-size companies that have flourished over the last decade and bring much promise for the future.  CWRU and KSU, both of which have world-renowned programs in soft matter and other advanced materials, send their students — both graduate and undergraduate — into the local economy.  The faculty members are constantly expanding the scope of their research, finding new promising opportunities for future applications.   Liquid crystals and polymers, for example, are being applied to mirrorless lasing systems by Palffy-Muhoray at Kent State and by Singer, Rosenblatt, and Petschek at CWRU; they are also being used not only for display devices — currently a $100 billion worldwide market — but for more highly specialized optical components such as switchable optical gratings, electrically-controlled birefringence devices, and light values.  Organic semiconductors for photovoltaics and light emitting diodes, another research priority of Singer and Petschek at CWRU and Andrews at YSU, are becoming an important part of the future of energy and display technology. Lyotropic chromonic LCs studied by Lavrentovich and Woolverton, represent a promising material for a variety of optical materials and applications such as biosensing.  These projects will find their way into new technologies provided the existing infrastructure is constantly re-evaluated and enhanced whenever necessary. At this stage, the area of surface phenomena in LCs, polymer and related materials is one of the target areas that needs enhancement to assure the further leadership position of Ohio in advanced materials research and commercialization.

Future Growth Plans 

Kent State University proposes to the Ohio Research Scholars Program a Track 1 project to establish a Research Cluster on Surfaces in Advanced Materials (RC-SAM), such as liquid crystals, polymers, their composites and biomaterials. RC-SAM is an inclusive research cluster that combines scientific excellence in fundamental and applied research at KSU and CWRU with innovative approaches to environmental technologies at the Cleveland Botanical Garden, integrated with the broad range of LC-based technologies commercialized by our established industrial collaborators, namely, Northeast Ohio (NEO) based AlphaMicron, CoAdna Photonics, Kent Displays, Kent Optronics, and LXD and with the growing scientific and outreach capabilities of YSU. Funding RC-SAM will assure that Northeast Ohio will retain its No.1 ranking in the nation and world-wide in research, technology transfer, and commercialization of LCs and devices based on LCs and related materials. 

The proposed research focuses on surface phenomena in soft materials, soft material membranes, and interfaces of soft materials with devices. From the fundamental standpoint, surface phenomena are decisive in soft matter because the energy of elastic distortions in soft materials such as LCs, scales linearly with the size of the system while the surface energy is quadratic in size. Therefore, surface interactions dictate the properties of the material not only within the immediate range of their action but also on the larger bulk scales. Surfaces control the properties of composites such as lyotropic LCs and optical “metamaterials” such as assemblies of nanoparticles used in hyperlenses that surpass the Abbe’s diffraction limit [42] and in cloaking devices [43].  A good example of technological importance is the modern LCD which enjoys a status of a $100 billion/year world-wide industry but can still be greatly improved by addressing surface-related issues.  Surfaces play a crucial role in how the LCD works: the active phase of “switching on” is achieved by an electric pulse but the “switching off” is controlled by how strongly the LC molecules are “anchored” to the pixel’s substrate [37].  This surface-driven reorientation is slow and this is why LCDs are still not very good at presenting a fast-changing picture. Another surface issue is the so-called, “image sticking”, caused by entrapment of ions in the aligning layer which keeps the LC molecules “frozen” after the voltage has been switched off [37]. 

The study of surfaces in advanced materials such as LCs represents a fundamental problem of great practical importance.  The subject is difficult because of the complexity and small scale of molecular interactions.  To ensure that Ohio leads the world in the development of this important scientific and technological area, we propose to establish RC-SAM. The existing research, technology transfer and commercialization infrastructure created by the RC-SAM participants in the field of LCs and related materials has already secured international status.  RC-SAM will be built on this solid foundation and will add a new dimension with a focus on surface phenomena. RC-SAM is of prime importance to the local economy, as it will accelerate the development of new products at NEO-based companies that are collaborators in this proposal.  Below we outline research in the proposed area with specific information on how the new hires, capital and operational investments can help in our future growth.
Research and Development Plans

Studies of surfaces in liquid crystals, polymers and biologically-relevant materials 

Our team has considerable expertise in the studies of molecular interactions at the surfaces of LCs, polymers and biomaterials, on length scales from micrometers down to a few nanometers.  Rosenblatt (CWRU) developed a new technique called, “optical nanotomography”, to image the three-dimensional order in soft materials over distances up to 500 nm from the surface, with resolution of a few tens of nanometer. The technique has been applied to the study of surface-induced distortions in a LC near patterned polymer alignment layers on length scales as short as 15 nm, which has given rise not only to new scientific phenomena but also to new devices such as optical gratings [44-46].  In a parallel effort, Lavrentovich (KSU) has developed techniques to measure the strength of surface anchoring (so-called surface anchoring energy) by locally probing the surface with a laser beam when the applied electric field reorients the director away from the axis imposed by molecular interactions at the surface [47,48]. The state of director orientation can be measured in Rosenblatt’s laboratory by optical nanotomography and in Lavrentovich’s lab by the PolScope [49], which provides a map of very small changes in optical retardation (with an excellent accuracy of 0.1 nm) related to director orientation. Singer investigated how surface interactions allow the optical control of LC cells [54], while he, Kumar, Lavrentovich and West have investigated optical modification of surfaces for LC alignment [55].  Lavrentovich recently added the Coherent anti-Stokes Raman scattering (CARS) microscopy [50, 51] to visualize three-dimensional orientation of individual chemical bonds in LCs [52].  Kumar (KSU) demonstrated how to use the X-ray technique to elucidate the role of surface roughness in the phenomenon of anchoring [53].  Oder (YSU) has built a system at YSU for studying nano and micro patterned surfaces of polymers and semiconductors using lithography and photoluminescence spectroscopy. All of these tools, optical nanotomography, PolScope, CARS, photoluminescence, and X-ray, can be combined for the first time to study surface phenomena in LCs and thus finally clarify how the phenomenon of anchoring depends on the molecular structure of a LC and an adjacent medium, the profile of the interface and presence of ions.  As a means of surface control we will use chemical (Chien, KSU) and photomodification (Palffy-Muhoray, KSU).  The research will lead to a new fundamental understanding of molecular mechanisms responsible for anchoring and thus to a generation of new LCDs and other devices that do not suffer from slow response and image sticking; this project is of enormous value for energy savings, as LCDs are much more efficient than their CRT counterparts. The research will be used to improve fast electrooptic switchers under development by CoAdna and KOI. Rosenblatt also has developed a technique in which the polar angle of the LC molecules can be controlled on a pixel-by-pixel basis. He will work with Chien (KSU) on applying ink-jet technology for polar pretilt angle patterning for the development of switchable optical gratings. 
The current LCD is structured as a rigid panel with thin layers of LC, polymer films for alignment, polarizers, electrodes and color filters supported by two rigid glass plates. Many applications such as electronic newspapers would benefit from having a flexible display. West and Yang (KSU) have demonstrated an entirely new class of flexible displays by confining the helically twisted cholesteric or a smectic LC between a pair of flexible plastic sheets; see, e.g., [37, 56].  The concept eliminates not only the glass panels but also the polarizers, color filters, and even the special aligning layers, as the optical contrast is achieved by light reflection rather than by light absorption (as in a regular LCD). The technology promises to open new horizons, enabling e-books, e-papers, 
e-newspapers, and educational tools.  Research involving industrial collaborators (KDI, AMI, KOI) will focus on molecular orientation, surface anchoring, effect of ions at the interface between LC and plastic substrates with deposited electroconductive coatings and optimization of LC alignment and electrooptical switching.  Encapsulation of the LC by a polymer shell will be explored by West and Yang (KSU) to assist CBG in the development of electrically controllable light panels for greenhouses.

Studies of surface phenomena at the LC-flexible polymer interface would enable another important development in the field of molecular sensors.  Bos (KSU) followed the pioneering studies of N. Abbott at University of Wisconsin [57-59] to demonstrate that the surface orientation of LCs is extremely sensitive to the absorption of foreign molecules such as amines.  Surface reorientation of the LC triggers an optical (visual) effect similar to pixel switching in the LCD, thus offering an opportunity for sensor applications, e.g., monitoring food spoilage; LXD will explore whether the developed technology can be commercialized. A LC sensor could be built into food packaging to allow quick identification of the freshness of contents. This work will also be coordinated with work at CWRU through CLiPS and YSU (Price) on the use of multilayer polymer membranes for barrier gas selectivity and permeability. The study and development of molecular sensors is also expected to be an area of research for the new faculty at YSU.
The experimental research is complemented by Taylor’s [60] and Petschek’s [61] theoretical groups (CWRU).  Taylor performs simulations of a LC at polymer surfaces where interactions occur at several different length scales from nanometers (the size of LC molecules) to micrometers (the scale of surface inhomogeneities) [60].  Petschek has considerable experience with LCs distorted by inhomogeneous fields and non-uniform patterned surfaces and exploits the Landau-de Gennes and similar free energies approaches to describe these systems.  He has also studied surface probes, including far-field microscopy to localize and measure the orientation of single biologically interesting fluorescent molecules at distance scales of 10 nm.  

The new faculty at KSU in the area of theory/numerical modeling will study the underlying mechanisms of surface and interfacial orientation of organic molecules, including the cases with electric charges.  This work will provide a much needed background for understanding problems of both fundamental and practical importance, from the surface anchoring of LCs and “image sticking” to the arrangement of molecules in biological membranes (see below). The position would require a strong background in atomistic numerical simulations and analytical skills in description of systems in which the scale of description is down to the molecular size (nanometers) and in which the electric charges are present.  KSU would be seeking a candidate with these skills, someone similar to Roland R. Netz at Technical University Munich, Germany [62].  The theoretical/numerical models will be developed in collaboration with J. Selinger, Taylor and Petschek and used in experimental studies of Bos, Rosenblatt, Kumar and Lavrentovich. These models will also be used in the development of fast switching devices at CoAdna and KOI and devices relying on surface anchoring at KDI, AMI, KOI and LXD and CBG.  

CWRU’s new faculty member will be an experimentalist in the area of surface preparation and modification, collaborating with the group anbove.  S/he will explore interfacial interactions of LCs and polymers, and the ability to align soft materials on metallic and semiconductor surfaces, as well as on surface-aligned monolayers.  All of these areas of research are of prime importance for the development of products at KDI (the polymer-LC interface properties control the bistable switching of cholesteric displays), LXD, CoAdna and KOI (the surface alignment is responsible for the optical quality of the LC devices) and CBG (the polymer-LC interface is responsible for the longevity of the device in outdoor applications). Another area of interest involves the deposition of surfactants or appropriate polyimides on topologically patterned substrates in order to create a quasi-perpendicular alignment without having the patterned grooves serve as an easy axis for planar alignment.  This alignment will be important for a new voltage-controlled birefringence device concept.  Important new RC-SAM facilities for carrying out this project will be the scanning probe microscope, profilometer, and organic deposition equipment. Along other lines, the new CWRU faculty member will work with Kash, Rosenblatt, Singer, and Palffy-Muhoray on mirrorless lasers, with particular emphasis on exploiting the upgraded photolithography facility and inorganic deposition equipment to create quasiperiodic topographical structures that follow, e.g., a Fibonacci sequence.  This will provide a photonic bandgap structure thatresults in numerous lasing lines that also can be fine tuned with the application of an electric field.  A long term interest of Singer is the issue of photo-induced charge injection and surface memory effects associated LC device switching. He is also investigating the surface control of alignment and morphology of LC semiconductors, as well as the deposition of semiconducting LC nanostructures on surfaces. In these projects, he and a new hire will make extensive use of the new deposition equipment and glove box, as well as characterization equipment. It also is expected that the new hire will work closely with West, Bos, and Rosenblatt on orientational control of LCs at interfaces, and with Lavrentovich and Woolverton on issues involving sensors. The intent here is to provide a battery of important preparation and characterization facilities at CWRU that not only will significantly extend the current capabilities of the faculty, but also provide a foundation for the to-be-hired surface specialists to pursue multiple lines of research commensurate with the goals of the RC-SAM.

The work at KSU and CWRU on surfaces control of polymers also fits well with ongoing work at YSU on the electrical contact and interface of soft materials and hard materials in electronic and photonic applications. One of the advantages of highly functionalized polymer/liquid crystal materials is their application to microsystems technology, which combines electrical, optical, and mechanical functions at the chip level into compact, lightweight, and low cost modules, an emerging technology that is expected to revolutionize a broad range of fields, extending beyond electro/optomechanical systems to the fields of biology, chemistry and medicine.   Oder’s expertise in electrical contact characterization and photolithography in semiconductor materials will be coordinated with the work of other researchers in the cluster. Though the extension of this work to soft materials is relatively recent, Oder and Andrews share interest in studying the significant issues associated with the interface between soft materials and inorganic semiconductors and conductors. Oder’s recent published work includes characterization of UV detectors, Schottky, Ohmic, and low-resistance electrical contacts, quantum well waveguides probed by time-resolved photoluminescence, microlens arrays for blue and ultraviolet wavelengths, all using experimental techniques to be available at YSU and suitable for the study of polymer/semiconductor interfaces. 
In the area of biologically relevant materials, surface phenomena are especially pronounced in the structure and functioning of biological membranes.  The study of membranes is one of the emerging major focus areas at our cluster. As compared to the studies of surface phenomena in LCs, commercialization of the research in the area is in its infancy, Nevertheless, we consider the area as of prime importance for future technologies and plan to develop it within RC-SAM.  Below we outline the research for which a successful completion will require a capital investment, namely, the funds for a transmission electron microscope (TEM).  We are actively seeking funds for this investment from other agencies, such as NSF.

Biological membranes consist of a double layer of lipids (glycero-(phospho-)lipids, sphingolipids, sterols and fatty acids) that forms the matrix into which proteins are either embedded or interact with peripherally. It has become clear recently that curvature of these membranes plays a prominent role in biological processes as diverse as membrane dynamics and protein sorting [63-68]. Compared to X-ray diffraction, 31P-NMR, DSC and fluorescence techniques, TEM is a uniquely suitable tool to characterize the membrane’s curvature and thus to explore the mechanisms responsible for it, as the proposed studies (i-iv) describe below. 

(i) Phosphatidylinositolpolyphospates are signaling lipids that are highly regulated in space and time in the cell. In analogy to our work on other phosphomonoester carrying lipids [66,67], Kooijman, Kumar and Gericke have recently characterized the ionization properties of these lipids in multi-lamellar lipid dispersions under physiological conditions. One striking feature of these experiments is that curvature appears to be an important factor in the ionization properties of these lipids (Gericke, in preparation); however, without a TEM we are unable to further define the effect of the phosphoinositides on the curvature of model lipid membranes. 

(ii) In HIV-1 membrane fusion the initial fusion of the membrane surrounding the HIV virus and the plasma membrane of a T-cell (a vital step in HIV infection) is facilitated by a short peptide, called a fusion peptide. Recently it was shown that this peptide greatly reduces the bending modulus of model lipid membranes [68], potentially explaining its mode of action; however, an alternative mechanism is that the HIV-1 fusion peptide changes the spontaneous curvature of the membrane leaflet it interacts with, thereby facilitating fusion. In order to shed light on the exact mechanism of fusion we plan to determine the spontaneous curvature of the HIV-1 fusion peptide by TEM (Gericke and Kooijman).
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(iii) Exchangeable apolipo-/lipid droplet proteins are a group of amphipathic alpha helix containing proteins. One of the roles of these fascinating proteins is to bind to the phospholipid monolayer covering a particle/droplet, when it grows upon intake of additional triacylglycerol/cholesterol esters, in order to stabilize the structure in an aqueous medium (blood and cytosol, respectively). Gericke and Kooijman plan to characterize the lipid binding specificity and affinity of the different types of apolipoproteins and lipid droplet proteins. An intriguing property of all these exchangeable proteins is their ability to transform lipid vesicles into nascent HDL-like particles, namely bilayer discs stabilized by the protein [69, 70]. TEM is ideally suited to characterize these protein/lipid complexes.

(iv) Lipid order within bacterial membranes can be affected by environmental stressors (acidity, high and low temperature, osmotic shifts).  The goal of Woolverton and Kooijman is to compare and contrast the membrane ordering and phase transitions of various bacteria that reside in these extreme environments.  We have access to a collection of bacteria that normally reside in unusual, albeit, extreme conditions.  Direct characterization of the bacterial membranes requires TEM observations. 

Langmuir layers are molecularly thin layers self-confined at an air-liquid interface. When transferred to solid substrates via Langmuir-Blodgett (LB) and related techniques, they can form controlled micro- and nanostructured surfaces, with a greater variety of properties than those observed with self-assembled monolayers; their study is a major goal of Mann.  Domains within Langmuir layers may be two-dimensional gases, liquids, LCs, or solids.  In the last 20 years, X-ray diffraction has revolutionized in situ structure determination for ordered Langmuir layers. Complementary electron diffraction studies on LB films, typically transferred to a grid, have been performed since 1980 [71] in a wide variety of Langmuir systems [72], including polymers [73, 74], dendrimers [75], LCs [76], phospholipids [77], and fatty acids [78]. All of these studies required the resolution of a TEM. Further, vitrifying the water substrate allows direct determination of monolayer structure [79], without the intermediate step of a LB transfer. A state-of-the art TEM with a cryo-mode makes such studies possible, as long as the possibility of radiation damage is controlled [79-90]. Mann’s current project in collaboration with Jakli [81-87] considers bent-core LC materials, where the balance of the unique molecular shape and interactions with the surface leads to a wide variety of different phases, with many potential applications provided the film structures can be sufficiently controlled. A second project involves the model rod-shaped smectic LCs, and studies of the edges between domains with different layer numbers [83,84] by a variety of experimental and numerical means.  

The new faculty at KSU in the area of theory/ modeling will study theoretically the orientational structure of biological membranes and in general the phenomena at the water-organic layer interface, collaborating with the theorists Petschek, Selinger, and Taylor and with experimentalists Gericke, Kooijman, Kumar, Mann, and Woolverton.   

Nanostructured systems with large surface-to-volume ratio 

Emile Zola once observed: “In my opinion, you cannot say you have thoroughly seen anything until you have a photograph of it.”  In science, events and patterns become a fact only if they can be reproducibly registered. In modern science of materials, much needs to be seen and “photographed” at the molecular edge of spatial scale, i.e., at the scale of nanometers. Without such ability, nanoscience and nanotechnology become rather difficult.  

The most advanced and unique instrument capable of sub-nanometer imaging of materials is a Transmission Electron Microscope (TEM).  To assure that RC-SAM will be able to perform research at the ultimate scale of molecular organization, we propose a purchase of a TEM as a capital investment in this proposal, to elucidate not only the surface phenomena but also the properties of bulk materials in which the developed interfaces lead to a large surface-to-volume ratio and thus new physical properties.

Lavrentovich, in collaboration with Finotello, Kelly, Kumar, Woolverton, and Sprunt, explores a new class of LCs based on water solutions of certain dyes, the so-called chromonic LCs [88-96].  Chromonic molecules self-assemble into elongated aggregates by stacking face-to-face and exposing the ionic groups at the water-aggregate interface [88-91]. The unique nanostructured LC organization of chromonics allows new applications, such as (1) optical polarizers which could be used on curved substrates [96]; and, (2) real-time biological sensors in which the chromonics serve as a non-toxic detecting and amplifying medium [23-25]. The research will focus on the decisive element of the system, the physical and chemical phenomena at the aggregate-water interface.  
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 The aggregates resemble B-DNA molecules [97], being strongly charged (linear charge at the aggregate-water interface is ~6 e/nm), with an important difference that their length is not fixed [88]. Because of polydispersity, presence of water, and weakness of forces responsible for self-assembly, chromonic LCs represent an extreme level of complexity for an orientationally ordered system, the understanding of which would transform our ability to get insight into even more complex problems in the world of biomaterials, such as formation of a LC phase by very short DNA molecules [98]. Lavrentovich and Woolverton collaborate with LXD to further develop the biosensing technology utilizing chromonic LCs.  The chromonic LCs are not toxic to microbes [24,25] and have been demonstrated as a medium capable of amplifying antibody-antigen interactions through director distortions around immune complexes, offering a new approach to real-time biosensing [23,25].  Lavrentovich and Woolverton plan to use a TEM to explore structural changes of both chromonic LC and biological subsystems.  

Our preliminary experiments show that because of the weakness of the self-assembly forces and the strong electrostatic effects associated with surface charges and counterions, the supramolecular organization in chromonic LCs is extremely sensitive to small changes in temperature, ionic strength, pH, etc. [99].  For example, a multivalent agent spermine (+4) dramatically changes the morphology of the isotropic-to-nematic transformation when added to the chromonic LC disodium cromoglycate (DSCG). The nuclei of the new phase appear as toroids and filaments and not as the otherwise regularly observed spherical droplets.  TEM will be used to study the effect of various ionic (salts, multivalent agents) that interact with the surface charges of chromonic aggregates and modify the structures and types of aggregation.  TEM will also be used by Singer (CWRU) [100] in collaboration with Twieg (KSU) [101] in his related studies of self assembly of semiconducting LC nanostructures in solution and their deposition and alignment on surfaces.
Dried aligned LCLC films can be used as both orienting and light-polarizing layers in flexible LC displays [96], to “paint” security tags in various parts of the optical spectrum.  The advantage is that the LCLC polarizer can be put inside the cell between the electrode and the regular electrically-controlled thermotropic LC. This allows one to use inexpensive plastic substrates, even when the substrates are birefringent. Further development in LCLC applications has been hindered by the fundamental problem of a stripe pattern that develops during the deposition of LCLC films [102].  We have found an empirical method to eliminate the stripes by using additives which alter the structural properties in a way that has yet to be clarified. TEM will allow us to visualize how the additives modify the LCLC structure. The research will be supplemented by Fluorescence Confocal Polarizing Microscopy (FCPM) [103, 104], coherent anti-Stokes Raman Scattering (CARS) Microscopy [52], and atomic force microscopy [93]; all instruments are available at the LCI. 
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Another exciting type of materials in which the surface phenomena play a decisive role is represented by ordered mesoporous materials (OMMs) are materials with pores between 2 and 50 nm [105-189] actively studied by Jaroniec at Kent. Singer at CWRU performs similar studies of LC and polymer infiltrated photonic crystals,  supported by NSF Materials World Network project with the Frauenhofer and Max Planck Institutes in Halle, Germany. The discovery of a LC templating mechanism for the formation of ordered mesoporous silicas (OMSs) in 1992 [190,191] and subsequent advances in this area brought a new generation of nanostructured materials of tailored pore sizes and structure and high degree of order [190-199]. While the surface area and pore size can be studied by adsorption techniques, their structural ordering can be only identified by TEM and X-ray diffraction (XRD).  In many cases, TEM is the only technique capable of identifying the ordered structure of self-assembled materials [199,200].  Using TEM at collaborating institutions, Jaroniec was able to identify the polymer-templated cage-like silica, FDU-1, as Fm3m structure [139], observe the first ordered mesoporous carbon (OMC) being a true inverse replica of hexagonally ordered mesosilica [169],  and report the first periodic mesoporous organosilica (PMO) with incorporated heterocyclic bridging groups [126]. 

The current and proposed research activities, which require TEM, include the following: (i) development of cage-like OMSs and PMOs by co-condensation of appropriate organosilanes in the presence of block copolymers as soft templates and (ii) synthesis of ordered mesoporous carbons (OMCs) with help of OMSs as hard templates or block copolymers as soft templates; (iii) novel OMCs for hydrogen storage, electric capacitors, fuel cells, highly efficient adsorbents and catalysts. OMCs can be prepared by using a variety of carbon precursors (sucrose, mesophase pitch, polyacrylonitrile, phenolic resins) and hard templates such as OMSs [164] and colloidal silica crystals [201]. Also, OMCs can be synthesized by using block copolymers as soft templates [202,203]. The hard templating synthesis of OMCs involves impregnation of the template with a carbon precursor, carbonization and silica dissolution [164]. Some of those OMCs withstand heating above 2000ºC in argon [204], which leads to highly graphitic carbons useful for energy-related applications. Also, extensive studies are carried out to synthesize colloidal crystal templates from commercially available silica colloids and impregnate them with carbon precursors to obtain OMCs with tailored mesopores and large pore volumes [107,205]. 
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[image: image15.emf]Nanoparticles of various origins attract tremendous attention due to their unusual behaviors compared to corresponding bulk materials [206].  A challenge is to control their size and shape, prevent their aggregation, and to organize them into composite materials and nanostructured films with controllable geometry and properties. Li focuses on the synthesis and functionalization of nanoparticles such as gold rods to stabilize their dispersions in water and other media [206, 208].  TEM is a crucial instrument to characterize these structures where small changes in the shape of particles (e.g., cylindrical rod vs. dumbbell) strongly influence the electric and magnetic properties of the composite. TEM studies are of prime importance to Palffy-Muhoray and Lavrentovich and their colleagues at AMI who focus on collective behavior of nanoparticles and their orientational structures [209-214], in order to develop metamaterials within the current AFOSR MURI project. Anisometric particles, either of a metallic or semiconductor nature, can themselves form orientationally ordered self-assemblies. Here again, the knowledge of surface phenomena is of prime importance to understand how a nanoparticle interacts with another nanoparticle and with the medium. We will study these systems to develop metamaterials for the emerging fields of negative index materials, cloaking, super- and hyperlensing that would revolutionize optical instruments by sharpening their resolution well below the wavelength limit (~0.5 micron) [41, 42].   CWRU’s theorist Petschek, together with Palffy-Muhoray at KSU will greatly expand their work on exotic nematic phases with new symmetries that may form in nanoscopic colloidal systems. 
The Simeonsson group at YSU is studying the analytical utility of surface enhanced Raman scattering (SERS) techniques for trace analyses of biological and environmental sample materials.  The anticipated applications of the SERS approaches being developed include assays of biological compounds, trace measurements of environmental pollutants, and the study of biorecognition interactions.  A major activity of this research is the development and characterization of surfaces that provide strong Raman enhancements for a particular application.  The SERS techniques will generally rely on surfaces consisting of nanoparticles or nanostructured materials that are fabricated from metals such as gold or silver.  The Raman microscope will serve as an important research tool for characterizing the surfaces and assist in the identification of the physical and chemical features that provide the highest sensitivity and selectivity for target compounds.  This research activity will have beneficial overlap with research on nanoparticles by other investigators  including Li (Kent Optronics), Palffy-Muhoray (Kent State University) and Lavrentovich (Kent State University).


An exciting class of systems in which surface phenomena determine the unique bulk properties are composites with nanoparticles.  West in collaboration with Reznikov has demonstrated that dispersing nanoparticles in a LC host leads to unprecedented changes in physical properties such as increases in the clearing temperature, birefringence, dielectric anisotropy, viscosity and elastic constants [215].  We postulated that these large changes occur when the particles are small enough to minimize distortion of the director in the host while being large enough to retain their ferroelectric properties. In the LC, the particles might form complex 3D structures; however, since the particles are only ~10 nm in size, these ideas cannot be verified directly.  The proposed TEM will allow us to directly measure the size and size distribution of these particles and to observe the 3D structures which they might form.  This will allow us to optimize the performance of this new type of colloids and to develop a more rigorous theoretical understanding of their operation. 
Palffy-Muhoray’s group in collaboration with Jonathan and Robin Selinger focuses on the studies of LC elastomers and gels [216, 217]. The incorporation of nanoparticles, such as ferrofluid particles and plasmonic metal nanoparticles is of particular interest.  Ferrofluids enable stronger coupling of magnetic fields to orientational order, while plasmon resonances allow controlled photoactuation. Progress is critically dependent on the accurate characterization of microstructure as the structural details and homogeneity of the network are essential for the interpretation of experimental results and for their comparison with theoretical predictions. At YSU, one of Oder’s research interests is on optimization of metal/semiconductor contact used in the fabrication of microelectronic devices. The purity of the semiconductor surface prior to the metal deposition is crucial to the formation of a good contact. Using a variety of temperature treatments, Oder’s group has found a method of improving the electronic and thermal properties of these contacts [a]. A high resolution imaging using the proposed TEM would provide information needed to better understand the physical process occurring at the metal/semiconductor interfaces in these contacts. [a] T. N. Oder, P. Martin, A. V. Adedeji, T. Isaacs-Smith and J. R. Williams, "Improved Schottky Contacts on n-type 4H-SiC Using ZrB2 Deposited at High Temperatures" J. Electron. Mater. Vol. 36(7), 805-811 (2007). The proposed TEM is ideally suited for this work.

Another technique that is highly applicable to nanostructred systems is the patterning of micro and nanostructures on soft surfaces using polymer photoresists. At YSU, Oder has been involved in patterning of devices at these scales and proposes to utilize the new nanolithography facility. (In a separate proposal to the NSF, YSU has requested funding for an SEM/nanolithography system using electron beam lithography, which will compliment the capabilities of the cluster with the acquisition of new mask aligner at YSU through this proposal.) Crucial to the patterning of the surfaces of these materials at the diffractive-optic limit are diffractive optical elements (DOEs)-microlenses, which have been studied extensively due to the numerous applications they offer in many areas, such as optical communication, optical computing for data or computer links, and optoelectronic devices such as charged-coupled device arrays for collecting light power needed to increase the sensor sensitivity and in laser beam shaping [9-12]. Dr. Oder made significant contributions in recent research work that demonstrated the fabrication of microlenses on GaN, AlN and sapphire for which he, along with his former postdoc advisors were recently awarded a patent. With the requested equipment, he proposes the study of diffractive optical elements-microlens structures fabricated on polymers. In this project, however, DOEs ranging from a simple microlens to multiple phase optical elements, where successive etching shapes the surface structures, will be fabricated and characterized. The fabrication will combine the use of standard photo-lithography and electron beam lithography to produce sub-micrometer structures of varying dimensions. 
To summarize this section, the new faculty at KSU in the area of experimental physics/materials sciences will use TEM and other instruments (such as low-angle X-ray, scanning tunneling microscope, atomic force microscope) together with her/his colleagues at KSU to study the structure of materials described above with subnanometer resolution.  CWRU’s new experimentalist will focus on nanostructured systems and colloids, and make extensive use of the newly upgraded equipment at CWRU’s preparation and characterization facility, in particular the surface deposition equipment, profilometer, and scanning probe microscope.  S/he will interact strongly with theorists Petschek, J. Selinger and Taylor on composite systems involving both organic and inorganic materials, and with West, Palffy, Jaroniec, Lavrentovich, Finotello, Kelly, Kumar, Li, Rosenblatt, Sprunt and Woolverton on experimental aspects of this problem.  For example, both West and Palffy-Muhoray are involved in composite systems, which are areas ripe for collaboration with CWRU’s new faculty member, who will concentrate on structures of nanocolloids, such as carbon and nanotubes, that may be incorporated into the LC or gel matrix.  Additionally, CWRU’s new hire will interact strongly with Rosenblatt, who is examining the effects of nanopatterned substrates on the alignment of colloids suspended in anisotropic fluids.  For example, the research work at YSU will utilize the proposed TEM for detailed study of the metal/semiconductor interface and will also use lithography and photoluminescence to study nanopatterned surfaces of polymers and semiconductors. 
Surface phenomena in layered materials and polymer membranes 

Modifying properties of a given surface or creating an interface between two different materials often leads to the discovery of new physical phenomena and technologies. An important example of composite systems with extended interfaces are polymer-based organic photovoltaic (OPV) devices as solar energy harvesters that are emerging as a solution to the mounting problem of dwindling energy supplies because of low material and fabrication costs and high throughput.  One critical issue of OPV is that the power conversion efficiency is low compared to their inorganic counterparts, silicon based solar cells. Wei and Chien (KSU) explore an approach to enhance the light harvesting of OPVs, by using surface plasmons (SPs) in a stack of organic/inorganic heterojunctions with nanostructured metal films. Understanding the surface phenomena at heterojunctions is of prime importance for the success of the project.  Palffy-Muhoray (KSU), in cooperation with K. Bastiansen (Philips) and AMI, proposes to combine the strength of LCs with that of photovoltaic cells. The focus is on luminescent solar concentrators (LSC), in which large area plastic sheets doped with orientationally ordered fluorescent dyes collect solar energy. The oriented dye molecules absorb sunlight, and emit it at longer wavelengths within the waveguiding mode of the sheet. Light is efficiently guided to the edge of the LSC [216], where it is converted to electricity. This architecture allows a dramatic reduction in the size of the photovoltaic cell and module cost. An additional advantage of using organic solar cells is that their near IR regime coincides with the ‘sweet spot’ of LCS.  This research has been outlined in a collaborative proposal with Rowan and Weber (both CWRU) submitted to NSF on January 18, 2008, to establish an NSF MRSEC. Li, Jakli and Kumar (KSU) propose to improve organic solar cell efficiencies through self assembled light-harvesting discotic LC porphyrins.  The advantage here is the intrinsic ability of LC phases to align with minimum structural defects.  For an efficient energy conversion, a key condition is the optimum control of interfacial structures (thickness, electrode type, blends, double- or multi-junctions and heterostructures).  Singer (CWRU), as part of the NSF-sponsored CLiPS center, is investigating several aspects of energy efficiency and production.  These include the use of multilayer polymer films to concentrate light in photovoltaic cells and as energy efficient windows for solid state lighting.  He is also investigating the use of semiconductor nanoparticles to sensitize photovoltaic cells in the infrared for increased efficiency.  Theoretical input in the field of photovolatics will be supplied by Taylor.  (Another way to improve the light concentration for organic photovoltaics is through the patterning of microlenses arrays on to the collection device, a technique being studied by Oder at YSU.)

The light concentration effect being studied by Singer is related to the photonic band gap (PBG) structures created by the polymer layering and may be enhanced by further 2D patterning. At YSU, Andrews and Oder will study how more complex 2D PBG structures can suppress the propagation of spontaneous radiation along a particular direction. In this regard, Oder has performed extensive and groundbreaking research on UV photodetectors based on AlInGaN quaternary alloys [2], and on photonic crystals used to enhance the light output from nitride-based blue/UV LEDs by extracting lateral guided modes of light in the vertical direction. With the experience garnered from this research, Dr. Oder proposes to use the requested equipment to investigate the enhancement of the efficiency of photodetectors using polymeric photonic crystals, work on which he has already made progress using inorganic photonic crystals. 
Because YSU is also an affiliate institution for the NSF-sponsored CLiPS center, Andrews, Price, and Oder propose several projects relating to multi-layered polymeric materials that compliment the work at KSU and CWRU.  One of the advantages that has been seen in layered polymer structures is their increased dielectric breakdown strength due to the effects of the layered surfaces. To build on that work, Oder and Andrews will study whether these layered materials can be used for edge termination to inhibit the sudden and catastrophic appearance of breakdown in electronic devices. To better understand the effects of nonuniformities in the layering process and in polymeric structured materials generally, the new atomic force microscope will be used for analyzing the layers using a freeze-fracturing technique and for investigating the surface layer.  
Another advantage of layered polymer materials is their unique membrane capabilities for separating gases for packaging and for other applications, such as fuel cells, due to the particular effects of the interfaces between layers.  The applications are being studied by Price at YSU and are expected to be studied by the new faculty at YSU. The primary purpose of these layered polymer packaging materials is to transport carbon dioxide gas out-gassed by the food out of the package while at the same time preventing oxygen entering the package.  To further YSU’s participation in this work, a scanning Raman spectrometer microscope is to be acquired that will enable quantitative measurement of gases such as oxygen, nitrogen and carbon dioxide in the bulk gas phase as well as at the interior and exterior surfaces of the polymeric membrane.  This instrumentation will be valuable for testing the barrier properties of new materials for food packaging by determining in situ the rates of diffusion and accumulation of oxygen and carbon dioxide at the surfaces of the membranes as well as the interior of the membrane in both transient and steady state modes of operation.
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Singer, Rosenblatt, Kash and Petschek of CWRU are working with Palffy-Muhoray of KSU and Andrews at YSU on distributed feedback and related lasers.  These mirrorless lasers exploit the high gain near the edge of photonic bandgap structures, which are the result of a periodic dielectric structure.  Palffy-Muhoray, for example, exploits the periodic structure of a cholesterics LC for his periodic (layered) structure.  The group also will investigate rigidified periodic structures in which polymeric and liquid crystalline materials alternate, with the dielectric constant of the LC being adjustable by an external electric field. This can be taken one step further, where the group is starting a nascent collaboration with the University of Calabria in Italy on quasiperiodic structures that follow, e.g., a Fibonacci spacing sequence.  The advantage of such a structure is an enhancement in the number of laser lines, which are adjustable by manipulating the LC.  This collaboration builds upon the strong ties that already exist between University of Calabria and both KSU and CWRU.

Development of organic photovoltaic devices is of special interest to KDI, as these can be integrated with the technology of bistable cholesteric displays. The unique feature of these displays is that they do not require electric power to store the displayed information; the power is needed only to switch the content. This feature leads to incredible energy efficiency for a display.  For example, two AA batteries are sufficient to power an e-book based on cholesteric display, for 6 months.  In the future, one can envision a cholesteric display laminated onto an organic photovoltaic film. Such a device would use only the solar energy to operate and would require no additional batteries.   This example further illustrates that the proposed research extends far beyond the perceived limits of LC research and applications. 

The new faculty members at KSU in the area of experimental physics/materials sciences and theory, numerical simulations will cooperate with the group in all areas of surface phenomena.  Here again, the requested TEM will be of enormous importance for the successful developments of the research projects.  The collaborating companies would also greatly benefit from access to data and equipment, e.g., KDI would benefit from the development of thin photovoltaic films.
YSU will also hire one new faculty member in chemistry or materials science associated with this project.  The senior hire is expected to combine expertise in advanced materials with alternative energy resources.  A suitable candidate for this position has already been identified and is currently in negotiations with YSU. As an example of the research anticipated by this new hire, the current lead candidate proposes to study organic photovoltaics and also the applications of sulfonic acid polymers and organic/metallic polymers to fuel cells, along with strategic fluorination of proven engineering polymers. Surface analysis will be important to this work because promising materials would be incorporated into membrane-electrode-assemblies for testing in a fuel cell.  
Importance of the proposed RC-SAM to the participating academic institutions 

Advanced materials research is an integral part of the scientific and technological landscape at KSU, CWRU, and YSU.  At KSU, the areas of Liquid Crystal Science and Bioscience/Biotechnology have been identified as target areas for an Innovation Incentive Program (IIP), which is one element of the state’s Economic Growth Challenge. Under the leadership of the new KSU president, Lester Lefton, and with the active participation of the Office of Research and Graduate Studies (Vice President John West), the University analyzed the objectives of IIP and concluded that these objectives will be met by supporting research in the field of LCs and biosciences, by providing funding for the new faculty, start-ups, and graduate assistanships.  The two unit-recipients of the IIIP funds, the LCI and Department of Biological Sciences, have joined efforts in implementing plans and established a joint search for the two new faculty positions, thus facilitating further interdisciplinary collaboration at KSU.  Dr. Kooijman, who received his PhD degree from Utrecht Univ., Netherlands, has already accepted a position in the Department of Biological Sciences and is actively contributing to this proposal; we are currently interviewing candidates for the second position at the LCI/CPIP. We also announced an increase in the number of annual graduate student admissions at LCI/CPIP by 2 students.  The enhancement of the research areas in LCs and biosciences has been made possible not only through the support from the state, but also through internal reallocations. For example, the FY2008 internal KSU reallocation amounts to $591,972, while the corresponding IIP award from state funding is $237,584 (total amount is $829,556).  The internal reallocations involve reduction of funding of other programs, such as History.  At the LCI, the necessity to expand into the area of surface science of materials have been discussed and approved at faculty meetings.  

The University administration works closely with the LCI to ensure that the growth plans would allow us to remain at the level of international promincence for years to come. One of the first measures of president Lefton was hiring an external company to identify the areas of research strength and future potential at KSU and then to help these areas to attract extramural funding.  President Lefton and LCI Director Lavrentovich visited the W.M. Keck Foundation in California in 2007, outlining the research activities at KSU in the field of LCs and advanced materials and exchanging opinions with Keck Foundation administrators on how to develop the program through extramural support from sources such as the Keck Foundation. In 2007, VP West and Lavrentovich made similar visits to the National Institute of Standards and Technology, Office of Basic Energy Sciences of the Department of Energy, and National Science Foundation. 

The trend in science and technology of advanced materials is to explore and construct systems that are heterogeneous with interfaces that are either flat (as in multi-layered structures of photovoltaic cells) or well developed in three-dimensional space, with fine features in the range of microns and nanometers.  In these materials, the surface plays a fundamental and multifaceted role, the understanding of which is crucial for further progress.  Researchers currently working at the LCI are world-leading experts in some aspects of this very broad field, but further expertise still is needed in other areas of surface properties of soft materials. This is why this RC-SAM proposal is of crucial importance for our institution.
At CWRU, in addition to the Physics Department’s effort in both soft and traditional advanced materials physics, a large component of soft matter research is conducted in the Macromolecular Science Department (in which Profs. Singer, Taylor, and Rosenblatt have secondary appointments), and in both Chemical Engineering and Biomolecular Engineering departments.  All of these programs have seen significant investment by the University at the President and Provost levels, as well as by the Deans of Arts and Sciences and Engineering, during the past twenty years.  In the current formulation of the University’s Master Plan, being developed by CWRU’s new president, Barbara Snyder, these areas of strength will continue to be targeted for especially high investment. Additionally, the University has made a number of investments in areas closely related to advanced materials work.  For example, the long-standing Center for Surface Analysis demonstrates the University’s long term commitment to areas impacted by advanced materials.  Additionally, the University has embarked on an aggressive plan to establish the Great Lakes Institute for Energy Innovation.  This builds upon energy research in the advanced materials group by Profs. Singer, Chottiner, Petschek, Lambrecht, and Taylor, and will exploit one of CWRU’s recent Ohio Eminent Scholars in the area of hydrogen fuel cells. In fact, Singer is leading the advanced materials aspects of the emerging energy institute. Additionally, the University, through its Biomedical Engineering and Medical School, is expanding its nascent Nanomedicine Center, which has important overlaps with the advanced materials physics program.  Singer is on the Executive Committee and is a platform leader for Optical and Electronic Systems research within the University-sponsored and NSF-supported Center for Layered Polymeric Systems (CLiPS).  Shan leads a project on Terahertz technology within that research platform.

Recently the CWRU’s Physics Department developed its own strategic plan, which is being supported by the dean of the College of Arts and Sciences and is working its way up to the presidential level.  Two of the strategic goals are to expand the size and scope of the department to enable it to advance its ranking first into the National Research Council’s top 20 and then into the top ten physics programs in the country, and to build its strengths in the physics of advanced materials and related areas in order to enable and lead interdisciplinary research and education across the University.  Both goals are within reach, especially as the most recent rankings of scholarly output published by the Chronicle of Higher Education places CWRU’s Physics Department among the top 10% of 172 Ph.D. programs nationwide.  

In the department’s strategic plan, the advanced materials group will form the nucleus and leadership of a large and well-funded center of excellence in Advanced Materials Physics that will (i) obtain major federal and state block grants and industrial grants; (ii) develop and lead educational, training and support activities, drawing in collaborators from other schools and departments; and (iii) enhance the facilities and startup funds for hiring new faculty into this center, including laboratories that expand on our current processing and fabrication facilities. It will provide an organizing principle for current and new faculty and bring even greater recognition that will in turn play a key role in attracting new block grants. An important goal for hiring is to establish closely connected focus groups, building on current strengths with complementary hires such as faculty whose research will involve emerging device technology, and computational physicists specializing in nanostructures and multiscale modeling. Building on the interests and talents of the current faculty, and with strategic hires in specific areas, the Physics Department will achieve these goals by pursuing the initiative in advanced materials physics. The advanced materials physics initiative will help the department to further strengthen its already strong ties to other segments of the University as it dovetails with the widely recognized strength at CWRU in advanced materials in the engineering and medical schools, as well as in physics and chemistry. This initiative will allow the CWRU Physics Department to both lead and participate in significant programs with university partners, as well as in management through the Physics and Science & Technology Entrepreneurship Programs (PEP and STEP). 

Likewise at CWRU Physics Department, faculty have deep experience in several aspects of surface physics.  But surfaces are extremely complex, and new hires in this area would complement existing expertise by focusing on aspects not currently represented.  This would facilitate not only a more complete understanding of the interface and its impact on bulk behavior, but also make new technologies much more likely..  The fundamental importance of surfaces in general, and in nanoscale physics, in particular, makes hires in this area quite important for maintaining the CWRU Physics Department at the forefront of materials physics.  In addition, the strong surface capabilities in the Materials Science and Engineering Department at CWRU, and the State funded Center for the Surface Analysis of Materials (CSAM) will provide the Physics Department with new opportunities for collaboration.  CSAM, in addition, will be a potent recruitment attraction for these positions.  In fact, in several recent searches, CWRU’s facilities were a prime reason for our success in hiring the top junior candidates in their fields.  Now is the time to make new faculty appointments to take full advantage.
In terms of instruction at the undergraduate level, the additional faculty will allow CWRU to decrease its reliance on non-tenure-track educators; CWRU Physics currently relies on lecturers and visiting assistant professors to teach six courses per semester.  CWRU will expand offerings of non-major, non-required general education breadth courses, which are so important to the educational mission of the College of Arts and Sciences. It will allow CWRU to relieve severe strains on faculty resources due to an increase in freshman class size at the University from roughly 750 in the mid-1990s to current levels of about 1100 today. The number of undergraduate physics majors has grown commensurately; class sizes routinely exceed 30 students, a very large number for an institution the size of CWRU. Future plans also call for continued research intensive one-on-one faculty-supervised capstone experiences for undergraduate majors, for which there has been a three-fold increase in the past decade. These research experiences are a hallmark of the department’s undergraduate program.  Indeed, the physics’ senior capstone project served as a model for the entire University.  On the graduate front, CWRU Physics will add a variety of graduate course offerings, including more specialized courses in emerging areas such as nanoscience and biological physics.  During the past five years CWRU physics has stepped up its graduate recruitment, with the introduction of a two to three-day open house event to familiarize admitted students with the department, University, and the regional environment.  This has been a major success, as most of the students who visit the department in late March or early April decide to matriculate.  CWRU’s ties with Fisk University through the CLiPS NSF Science and Technology Center opens up new avenues for minority recruitment, and the use of CWRU Physics’ five GAANN awards from the U.S. Department of Education has been, and will be, used aggressively in the future, as a recruitment tool for highly qualified American students.

CWRU Science and Technology Entrepreneurship Program (STEP) program will be an important research/commercialization/education vehicle for the Ohio Research Scholar Program.  Participation of STEP in this program is an exciting opportunity to involve Case master’s degree students enrolled in the STEP program in new commercialization opportunities in collaboration with Kent State and the cluster of companies involved in ORSP.  As part of this master’s program, the students will work on commercialization of technology, including the generation of business plans for emerging technologies.  We note that a student in the program, Dr. Irina Shinovskaya, is a particularly good example of how this program and the Kent/CWRU symbiotic relationship already has impacted commercialization in Northeast Ohio in soft advanced materials.  After Dr. Shinovskaya’s business plan won the annual Case business plan competition, a company devoted to the design of LC optics named 3D Optics was established.  Upon graduation from the entrepreneurship program, Dr. Shinovskaya went to work to develop new technology at the Kent State spin-off company KDI.  She currently is involved in bringing new technology to market for SigmaNine Corp in Cleveland.   As part of this growth plan, fifteen STEP students (three per year) over five years will provide crucial links and commercialization among Case, Kent, and the companies involved in this project. 
A major component of YSU’s long term strategic plan has been the recent reorganization to combine the natural sciences and mathematical and computational sciences with the college of engineering to form the STEM College.  This reorganization is intended to bring about the kind of interdepartmental collaboration needed for advanced materials research.  The early success of this reorganization is evident from the collaboration of the faculty who will be initially part of this cluster and YSU’s recent affiliation with CLiPS, establishing a base for collaboration in advanced polymer materials. The development of research expertise in engineering and the physical sciences and the upgrading of research facilities at YSU are reflected in the more than four-fold increase in external funding awarded to STEM researchers during 2007 compared to 1997, an trend that will continue with the hiring of new faculty and the acquisition of appropriate research instrumentation, including that proposed here. To help ensure that YSU is successful in this regard, a portion of the YSU cost share for the cluster will come from the funding of a portion of the time of an associate dean of research and economic development to promote the activities of the cluster at YSU and to the regional business community, helping to obtain further funding to ensure YSU’s productive involvement in this research.  This person will serve as the grant administrator, providing a primary point of contact for coordination amongst the YSU College of STEM chairs, supporting faculty, industrial partners, and State officials.  Perhaps the most important function for this individual will be to remove a great deal of the administrative burden from the faculty selected chairs of participating departments, to assist the faculty in their industrial activities and in the communication of their research successes.  

Another significant function of the administrative support person is to assist in the implementation of the interdisciplinary materials science curriculum at YSU. While the chairs (with support faculty) will develop the curriculum, University curriculum approval processes are long and arduous, requiring significant documentation and back-up material.  Much of this can be assembled by someone reasonably knowledgeable (but non-expert) in the area.  Thus, a second significant function of the administrative support is to assist the faculty with their development of curricular materials, and then the recruitment of students into the new curriculum.

ORSP Endowed Recruitment Packages

KSU plans to attract two new Research Scholars to the Liquid Crystal Institute, an experimentalist in the field of surface physics/material characterization, and a theorist/computer modeling specialist in the field of surface interactions. These two new faculty members will bring the much needed expertise in understanding the surface phenomena in advanced materials.  As outlined in the concrete research projects above, the expertise in understanding processes at surfaces and interfaces is needed for a number of problems of fundamental and applied character.  The scope ranges from the mechanisms of alignment of LCs of both thermotropic (temperature-dependent) and lyotropic (solvent-dependent) type, to the interfaces in multilayered photovoltaic devices and biological membranes.  The new faculty members will collaborate broadly with researchers at KSU and CWRU departments as well as with the industrial collaborators and Cleveland Botanical Garden.  

$5.0m from the ORSP will be earmarked for a salary endowment for the two hires.  Equipment start-up package will be $1.2m, split in the proportion $775k : $425k between the ORSP and KSU.  In operating funds, we request travel support (including travel for networking within the RC-SAM, travel for student recruiting purposes) and supplies funds for both hires, at the level of $34k/year.  KSU will provide additional funds for two postdoctoral fellows and two graduate students associated with the hires.  

CWRU intends to make two hires in advanced materials, one at the senior level as an endowed Ohio Research Scholar and one at the junior level.  More specifically, the senior level position will be at the “recently tenured” or “recently promoted to full professor level,” i.e., someone who would be considered an internationally recognized rising star.  Our current faculty is graying, and the senior candidate who is being sought should be at a level where he/she will be able to take the reins and contribute to the group’s effort for many years.  The junior position will be aimed at a recent Ph.D., with or without postdoctoral experience:  (We have found that a very judiciously chosen newly-minted Ph.D., who can be hired with less competition from other universities, can evolve into a superb and highly productive faculty member.  The now-tenured Prof. Jie Shan, a NSF CAREER award recipient, is such an example.)  Within the realm of surfaces phenomena in advanced materials, the specific research field has not been chosen — indeed, CWRU Physics’ general search procedure is to identify a general area and then search for the most outstanding candidate in the area —important criteria will be strong couplings with ongoing advanced materials research at the University, as well as connections to current and future work at Kent State and with Ohio industry.  Both of these hires mesh extremely well with the department’s Phase I hiring plan, and will be expected to contribute to the enhancement of undergraduate and graduate instruction.  In terms of budget, $3.0m from the ORSP will be earmarked for salary endowment for the senior hire, and the junior hire’s salary will come from current income to the College of Arts and Sciences.  Equipment start-up packages from ORSP will be approximately $1.25m for the senior hire, and $750k for the junior hire.  Additionally, $1m in ORSP funds will be used to enhance current facilities in the department that will be used by both the new hires and existing faculty, as explained below.  Finally, approximately $875k will be earmarked for operating expenses, which will support students and postdoctoral researcher support, technical and facilities support within the advanced materials group, supplies, and for recruiting costs for STEP students.  
Though YSU is not requesting an endowed position here, a major component of YSU’s research plan for the cluster is the hiring of one new faculty member in advanced materials to work as part of RC-SAM. A portion of the capital ($145k) and operating funds ($35k) will be used with other funds available at YSU to put together a competitive start-up package for that position.
Recruitment Process

KSU recently successfully completed a similar recruitment process for the Ohio Eminent Scholar, extending an offer to Prof. Jonathan Selinger, who joined the LCI in Summer of 2005 and is currently actively engaged in the research, educational and outreach activities at KSU.  Another similar recruitment/search process is currently underway, conducted jointly by the LCI and Department of Biological Sciences at KSU, in response to the reallocation within the Innovation Incentive Program (IIP) of the State’s Economic Growth Challenge.  The two positions in ORSP will be broadly advertised through Nature, Science, and Physics Today, through KSU and LCI websites, major meetings, such as International Liquid Crystal Conference (South Korea, June 29-July 4, 2008) and through contact lists of KSU faculty. For example, the position for Ohio Eminent Scholar was advertised in personal letters to the leading specialists at all major international centers, such as N. Clark, T. Lubensky, R. Meyer, M. Kleman, N. Madhusudana, and others.  We will address issue of diversity during the hiring process, to assure that talented candidates from underrepresented groups will be sought out and considered carefully.  The search committee will include faculty representatives not only from the LCI but also from the departments of Physics, Chemistry and Biological Sciences. Seminars with presentations of the candidates will be broadly advertised on campus and beyond. Our current search demonstrates that the KSU faculty is extremely interested in the search process, as candidate presentations were attended not only by the faculty from the LCI and Biological Sciences, but also by faculty from the departments of Physics, Mathematical Sciences, and Chemistry. 

CWRU Physics Department has refined its recruitment process over the years so that it is nearly always successful with a minimum of disturbance to other department activities.  During the summer the entire search committee (approximately 6-8 faculty) meets with a representative of the University’s Diversity Office in order to refresh its understanding of University policies and to learn about new methods of faculty recruitment vis-à-vis diversity.  As a group, the search committee (led by the chair of the search committee) then prepares the text of advertisements to appear (by October) in relevant journals such as Physics Today, as well as on the department’s web site.  The wording is then approved by both the department chair and the dean, and is sent out for publication.  By September the search committee develops a list of colleagues and prominent scientists in the field to contact by telephone, and the list is divided among committee members, as well as among other faculty in the department.  Phone calls are made to identify potential candidates, some of whom — especially at the senior level — may not be looking actively to move to a new university but may be enticed to do so, as well as to seek out names of appropriate non-traditional candidates, such as women, African-Americans, Hispanics, and other underrepresented groups.  These phone calls generally are made in the September/October time frame, and appropriate candidates then are contacted directly by members of the search committee to encourage them to apply.  By November applications from solicited candidates and from those responding to advertisements are being received, and each application is assigned two readers from the search committee for initial triage.  Typically about 30-50% of the applications pass initial scrutiny, and then are read by the entire search committee.  Once the application deadline is reached, generally around December 1-15, the full committee gathers to discuss and narrow the applications to a “short list,” typically four to six candidates.  The list then must be approved by the dean’s office and diversity office, after which invitations are made to the candidates to visit the department for approximately two days and to deliver a talk about his/her research.  During the visit the candidate meets with many faculty, both members and non-members of the search committee, to discuss science, as well as the environment at the university and in the Cleveland area, and then privately with the department chair and dean to discuss issues such as start-up funds.  By February or March the search committee identifies its first choice, and the chair of the search committee and the department chair open negotiations.  It is anticipated that searches for both junior and senior positions will follow this general format, and both searches will be made approximately concurrently.  As a result, a single search committee will be formed in the early summer of 2008 to handle both searches, with an overall committee chair and two sub-chairs, one for the junior and one for the senior position.  In this way the two searches will be coordinated so that they do not operate at cross purposes.
At YSU, a search has already been conducted for a candidate in energy materials research and the most suitable candidate identified, with significant research experience in surface and membrane analysis in soft materials.  If negotiations to hire this candidate are unsuccessful, another search will be undertaken with the requirement that the successful candidate will be expected to contribute meaningfully to RC-SAM. 
Operating Funds

At KSU, we request operating funds to support the travel expenses associated with research and business networking within the State of Ohio which is essential for the collaborative nature of RC-SAM, at the level of $7k per year.  A related request is for the organization of the annual conferences on RC-SAM area of research.  We will provide the travel and local accommodations to scientists who lead the world in surface science. We plan to invite and provide support to representatives of small companies with interest in surface properties of advanced materials and to encourage them to engage into the RC-SAM research and development projects.  We request salary support for a Secretary to assist the new hires, the rest of the faculty in the area of RC-SAM activities, to prepare reports, budgets, to organize the annual scientific meetings and to maintain a Web site for the RC-SAM.  KSU will provide a salary for an operator of the TEM, at the initial level of $55,000 (increased by approximately 3% each year).  The cost of supplies and consumables for TEM and freeze fracture is estimated to be $20k per year. 
At CWRU, of the $875k in operating funds, $480,000 is earmarked for student and postdoctoral researcher support as part of the start up packages of the new hires, while $90,000 is to be used in start up for supplies.  An additional $80,000 will be used to support five students pursuing their Master’s in the STEP program.  These funds will be used for commercialization assistant stipends for students to work among CWRU, Kent and industrial partners in order to help bring new technology to market.  The remaining $225,000 at $45,000/year will support five years of salary for a new technician to build, maintain, train students, and supervise the upgraded Advanced Materials Fabrication Facility in the Rockefeller Building at CWRU. This technician will help to make sure that the needs of the existing and new faculty for surface preparation and analysis are met.  
At YSU, a portion of the operating funds ($35k) will be used for the start-up package for the new faculty, and another portion ($52k) used to supplement other university funds ($125k) to be dedicated to supplies, maintenance, and repair costs related to research by faculty who are participating in the RC-SAM work.  Because of the significant purchases of major equipment to be used in this work, a significant portion of the operating funds ($163k) will be used for post-doctoral support and technician support for a person or persons trained to use the equipment in these areas of research.  These funds will be supplemented by other university funds as cost share to dedicate a significant portion of faculty time and graduate student efforts to this research. 
Capital Funds

At KSU, we request capital investment in the purchase of a transmission electron microscope with a freeze-fracture unit. The selected microscope is JEM2100F, produced by JEOL USA, Inc. The price of selected configuration is $1,819,345.00; we negotiated with JEOL USA a very substantial discount of the instrument cost, (-$326,845.00), so that the net grand total, including delivery cost of $7,500, accessories, initial warranty and on-site training, is reduced to $1.5m.  The TEM unit will be supplemented by the freeze-fracture preparation set up. The cost of the latter is about $420k.  The Office of University Architect at KSU and LCI’s Instrumentation Engineer M. Groom inspected the space at the LCI and estimated that the required preparation of the site for installation of TEM and freeze-fracture unit will be around $182k. The total capital funds requested from OSRP are thus $2.102m. 
At CWRU, of the total requested amount, $1.25m will be used for start-up capital funds at the discretion of the new Ohio Research Scholar, some of which may be used for facility upgrades, as well as for needed equipment.  A total of $750k will be earmarked for the junior position start-up funds, $600,000 of which would be dedicated to new equipment at the discretion of the new hire, and $150,000 for lab renovation.  Disposition of these funds will be at the discretion of the new faculty members. In addition, $1,000,000 capital funds will be expended for the collective benefit of the surfaces of advanced materials cluster to enhance the Advanced Materials Fabrication facility, which is a key resource for the Advanced Materials Cluster and the new hires.  In particular, $850,000 will support the acquisition of new equipment to be located in currently unoccupied space in the department’s Materials Fabrication Facility.  This facility was originally funded in the mid 1990s by the National Science Foundation, the State of Ohio, and Case Western Reserve University.  It currently includes an array of fabrication of characterization facilities including, electron beam evaporator, rf sputtering system, reactive ion etching, spin coater, mask aligner, probe station, chemical and laminar flow hoods, scanning calorimeter, UV-VIS-NIR spectrophotometer, polarizing microscopy with hot stage, and crystal preparation facilities.   Equipment to be purchased includes a high resolution optical surface profiling system, atomic force microscope, FTIR spectrometer, microRaman system, and enhanced microscopy.  All of these would be enhance existing surface analytical facilities.  Upgrades to fabrication facilities include deposition facilities for inorganic and organic materials, a climate-controlled glovebox facility, oxygen plasma system, UV ozone cleaner, and spin coaters.  All of these are necessary for the preparation of surfaces, and will greatly enhance our current capabilities.  These general facilities will be added to the extant Materials Fabrication Facility in currently unoccupied space and provide much needed facilities for soft-matter fabrication.  Additionally, $150,000 is earmarked to upgrade the facility to class 100 clean conditions, and for other minor lab renovation and rearrangement.

At YSU, of the total requested amount for capital expenditures, $35k will be used to renovate existing spaces to make them suitable for the proposed work, including repair of an existing chemical fume hood and other needed modifications. $145k will be set aside for the use as startup for the new faculty member who is expected to use these funds for major equipment in the areas of electrochemical technology and photochemistry/photovoltaics. The remaining capital funds ($420k) will be used to acquire much needed new equipment to be located primarily in the departments of chemistry (Raman spectrometer microscope) and physics (atomic force microscope, tunable laser source, mask aligner, and spin coater). 
Competitive Position

The existing research, technology transfer and commercialization infrastructure created by the RC-SAM participants in the field of LCs already has secured the status of international leader in the field.  RC-SAM will be built on this solid foundation and will add a new dimension with the focus on surface phenomena. RC-SAM will ensure that Ohio leads the world in the development of this important scientific and technological area.  Two new faculty will be added to the already distinguished group of researchers at the LCI. Our historical and recent accomplishments in attracting new talent to the LCI, from Fergason and Saupe to Jonathan Selinger and Robin Selinger, reassure that the new investment will be used in the most efficient manner.   The capital investment in the state-of-the art transmission electron microscope with a sub-nanometer resolution, in combination with already existing instrumentation at LCI’s Resource, Characterization, and Synthetic facilities and in the faculty laboratories, such as coherent anti-Stokes Raman scattering microscopy, fluorescent confocal polarizing microscopy, dynamic liquid scattering, X-ray diffraction, etc., will assure that KSU is equipped at the level of the very best world centers that focus on soft-matter and advanced materials. In short, the Liquid Crystal Institute at KSU strives to remain the world’s most comprehensive program in fundamental and applied research, education and technology transfer in the field of LCs and related materials and devices. 

The ORSP endowed recruitment package and future growth plans will further enhance CWRU’s already strong position among the elite players in soft materials, and advanced materials overall.  This will be accomplished in several ways.  First, the additional faculty will provide the advanced materials group at CWRU with the critical mass to become a focal point for advanced materials research at the University, and give impetus to the establishment of a formal Center for Advanced Material Physics.  Moreover, the larger effort also will provide the critical mass to leverage Center funding from outside funding sources, such as the National Science Foundation.  Second, the additional faculty will strengthen ties not only with other departments within the university, but also will facilitate even closer interactions with colleagues at Kent State.  As CWRU adds facilities for the new hires, it will be coordinated with the new facilities established at Kent so as to avoid duplication and to provide a broader array of facilities for faculty and students at both universities.  Intellectually, the programs at CWRU and Kent are complementary, and the new hires at both universities will add an important dimension to both ongoing and nascent collaborations.  A likely outgrowth of our strengthening ties will be the possibility of coordinating certain classroom activities, such as joint courses on topics in soft matter.  Moreover, we intend to hold topical symposia approximately annually; these were a hallmark of the Kent/CWRU/Akron Science and Technology Center ALCOM, and significantly strengthened interactions with industry.  Third, the enhanced advanced materials group at CWRU not only will be able to enlarge the list of research topics available to graduate students, but also enlarge its course offerings.  The effect will be to create an environment even more attractive to prospective graduate students, resulting in further improvements to CWRU’s already strong cohort of students.  The effects of the ORSP clearly have positive feedback; the enhancement of one area, such as research, affects other areas, such as graduate student recruitment.  Thus, better students tend to raise the overall quality and quantity of intellectual output, further enhancing CWRU’s international standing in the field of advanced materials.  It is important, however, that we do not delude ourselves; other states and universities are embarking on similar programs, and we must run just to maintain our current high standing — and run very quickly to improve our relative position among the leaders in the field.  Finally, a fourth, and perhaps less tangible but just as important outcome will be more attention — both locally and at the national level — paid to research being performed at the University.  Especially at the local level, this will filter down to the K-12 student population, encouraging careers in science and technology.  Not only will this enhance the national technological infrastructure, it also will play an essential component in improving the State’s competitiveness in high tech manufacturing and sales.

There are several goals to which CWRU strives.  First, enlarge the size of the advanced materials faculty by two, with a time scale of one year after award of the ORSP grant.  By the second year, this will have the effect of allowing CWRU Physics to increase its course offerings and offer admission to a larger number of highly qualified graduate students. Additionally, it is expected that with an increase in faculty size and an enhancement of facilities, even closer relationships will be developed with faculty at Kent and Ohio companies. By year two it is expected that with the participation of STEP students and the University’s highly ranked technology transfer office, and with the arrival of new faculty, we will initiate a tech transfer pipeline among the participants and other commercial entities identified later. By year three or four, it is expected that the advanced materials group formally will establish a Center for Advanced Material Physics, which will serve as the focal point for Center funding (such as a Science and Technology Center) from the NSF or other outside sources.  It is expected that establishment of the Center for Advanced Material Physics and group grant proposals for external funding will occur in tandem.  By year five it is expected that CWRU will move further upward in published national rankings, such as those in the Chronicle of Higher Education and the National Research Council.  
Regional Economies and Commercialization

The proposed RC-SAM is of prime importance for the local economy, as illustrated below using the examples of participating collaborators.

AlphaMicron, Inc. (AMI) is a LC technology company located in Kent, Ohio. It employs over 30 people, many of whom have postgraduate degrees in physics, chemistry, and materials science. It has developed and patented the first LC technology on doubly curved plastic substrates.  This advance has enabled the production of variable transmittance visors, with use ranging from defense related applications to variable tint ski googles (UVEX F1 Magic) and hue-changing fashion items such as sequins [28].  These and related LC devices under development by AMI contain special purpose dyes; and, more recently, plasmonic nanoparticles.  

Due to reasons of symmetry [218], the behavior of bulk LC structures critically depends of surface interactions. A research topic of strategic importance to AMI is understanding the behavior of dyes and nano- and colloidal particles near LC-substrate interfaces, and their effect on static and dynamic system performance.  The scope of the study of surfaces and surface interactions in this proposal encompasses this problem, and AMI is looking forward to working together with researchers at KSU and CWRU, both in theory and experiment, to gain understanding of this unresolved problem to-date.  AMI anticipates particularly fruitful interactions with R. Petschek (CWRU) on describing orientational order of nanoparticles with higher symmetry, and the coupling of this order to the optical response. AMI has a long history of collaboration with the LCI through the Wright project and TAF program and is currently working with Kent State in developing LC technologies in flexible plastic films.  

AMI is a member of the AFOSR MURI program on Negative Index Materials and the NSF funded New Liquid Crystal Materials Facility at Kent State University. AMI is also a part of the Ohio Liquid Crystal Group, a consortium of local liquid crystal companies interested in creating an environment for technological growth in NE Ohio.  AMI foresees that the role of surfaces in LC and other film based electro-optic devices will be an increasing area of interest and therefore it anticipates close collaboration within proposed RC-SAM. In addition to the research collaboration, AMI is interested in cooperating with the CWRU’s Physics Entrepreneurship Program.  As the first step in this cooperation, AMI will take one funded intern from CWRU for a 9-mo. period during the first year of the RC-SAM grant. Once the relationship is established, AMI will consider hiring other interns from the CWRU’s Entrepreneurship Program. 

Cleveland Botanical Garden (Garden), a national leader in urban horticulture and environmental education, is situated on a 10-acre site in the heart of Cleveland’s University Circle.  The Garden’s mission is to engage people of all ages, backgrounds, and abilities in experiencing the joy of gardening and learning about the inter-depend​ence of plants, animal life, people, and the environment. The Garden is now addressing issues identified in its current long-range conservation plan.  These issues include, 1) the creation of new urban green space to help revitalize neighborhoods, 2) assessment, development, conservation, and stewardship of its plant collections, 3) discovery and implementation of the best practices for securing healthy urban landscapes, including horticulture research and evaluation, and 4) the expansion of environmental education programs.

The Garden has established a partnership with Kent State University’s LCI, recognized internationally as the pioneering scientific center for research in the field, to design and construct research greenhouses on the Garden’s campus. The overarching goal of this research is to determine LC’s promise as a change agent for more sustainable, energy-efficient environments under glass. A significant factor in this research is the use of LC panels on exterior surfaces where more extreme challenges of light, heat, and water exist; LC applications to-date have been only on interior spaces.  The LC panel is made from a PDLC or a polymer stabilized cholesteric texture (PSCT).  The LC exists in droplet form or poly-domain form.  In one voltage state, the LC droplets (or domains) are aligned along a desired direction, and the effective refractive index of the LC is matched to that of the polymer, and the material is transparent.  In another voltage state, the droplets (or domains) are aligned along other directions, and the effective refractive index of the LC is different from that of the polymer, and the material is scattering (or reflecting).  The surface phenomenon plays a very important role in the switching from one state to the other because of the large interfaces between the LC and the polymer.  The switching voltage and transmittance depends on the reorientation of the LC on the polymer surface.

Cleveland Botanical Garden and KSU propose to launch a series of studies over the next two to three years that will focus on a system design that incorporates LC technology embedded within glass of the greenhouse.  KSU (Yang, West) will develop LC panels which can control the transparency in visible light region and energy flow (mainly in the infrared region) independently.  The Garden will study the management of light and heat, reduced energy consumption, and more optimal plant production within greenhouses made from the LC panels.  Through the RC-SAM and other forms of collaboration, the two institutions will develop sustainable greenhouses that are adaptable to different climates and regions could breathe new life into Ohio’s signature “green” industries ( floriculture, nursery and landscape ( while also contributing to a more environmentally sustainable world. In keeping with its core mission as an educational institution, the Garden will inform visitors and the public at-large about the project and its real-time progress, raising awareness, understanding, and acceptance of new, practical solutions for the world’s environmental issues.  The perspectives here might be really breathtaking: Just imagine the commercial opportunities for the very same electrically (or, eventually, sun-power!) controlled LC panels installed in industrial produce greenhouses or as smart windows in our homes.
CoAdna Photonics (CoAdna) is a rapidly growing profitable telecommunications company manufacturing fiber optic switching components for advanced network using LCs.  The interaction of the LC with film surfaces is essential in determining the quality of the produced switches. The research outlined in the RC-SAM proposal therefore is particularly germane to CoAdna’s strategic plan.  A specific example of the possible collaborative research in frame of the proposed research cluster stems back to a research project about polarization independent tunable filters that CoAdna sponsored earlier at the LCI in Jakli’s lab.  One of the results of this research was a concept of using inverse opal structure where the LC is infiltrated in colloid crystals made of submicron-size particles. The interaction at the liquid–crystal – colloid interfaces provides the polarization independent structure and also determines the tunability. Polarization independent tunable filters are still interesting for CoAdna, so understanding these surface interactions represents an interesting collaborative project.  CoAdna has a primary location in Stow, Ohio located at 20 minutes driving distance to KSU and 25 minutes to CWRU. This close proximity makes it possible to collaborate in the daily basis. 

For Kent Displays, Inc. (KDI), which was established to commercialize cholesteric LC flat panel display technology invented at the LCI, the proposed RC-SAM is of special value due to the very nature of their products. KDI’s key technology is the bistable reflective cholesteric (Ch) display.  Ch LCs exhibit two bistable states at zero field: the reflecting planar state, where the Ch helical axis is perpendicular to the display substrate, and the non-reflecting focal conic state where the Ch helical axis is more or less parallel to the display substrate.  The Ch LC itself reflects light and the display does not need polarizers.  The technology is compatible with plastic substrates, making the display flexible, light weight and rugged. KDI is working intensively to develop flexible Ch displays and roll-to-roll manufacturing process.  In the flexible Ch displays, the LC is encapsulated and then coated on flexible substrates.  Also, conducting polymer is coated or printed on the flexible substrates to fabricate patterned electrodes through which voltages are applied to switch the Ch LC.  Furthermore, multi-layers of Ch LCs with a variety of pitch lengths are used to make color displays.  Good understanding of the interfaces between the layers is crucial in our success to manufacture flexible displays. KDI will collaborate with both KSU and CWRU, as it has done in the past, to study surface phenomenon in flexible Ch displays.  KDI and collaborators will search for proper polymers to encapsulate Ch LCs and study the orientation of the LCs at the surface of the polymers, aiming to achieve strong mechanical strength and high reflectivity.  We will explore variety of coating techniques to coat conducting polymer, partition layers and encapsulated Ch LC on plastic substrates in order to fabricate high resolution and high conductivity electrodes and uniform layers.  The proposed research cluster on surface will bring the expertise needed to achieve our goal to be a major U.S. manufacturer of flexible displays.  KDI will participate in research projects at KSU and CWRU to study surface phenomenon in Ch displays and will use the facilities at the LCI to fabricate prototype displays.

Kent Optronics, Inc. (KOI) is engaged in the development, manufacturing and commercialization of electrically activated LC devices for defense and civilian applications.  The key products include active laser protection devices, multispectral polarized projection display, infrared laser projection display, variable bandwidth tunable filter, variable iris, switchable light shutter and tunable lasers.  The main customers are U.S. Air Force, U.S. Army, NASA, Teledyne Technologies, and Raytheon.  The products are based on layered low molecular weigh (LMW) LC/polymeric LC composites.  In the electric field off state, the LMW LC and the polymeric LC are aligned in the same direction, and the material is a uniform anisotropic optic medium.  When an electric field is applied across the material, the LMW LC reorients but not the polymeric LC, and the material becomes a periodic optic medium which reflects light.  The polymeric LC provides the periodic photonic structure while the LMW LC provides the tunability of the optical property.  The devices have high surface-to-volume ratios.  The interface between the polymer and the LC play a crucial role in the tuning of the optical properties.  It determines not only the reflectivity but also the voltage needed to drive the device.  KOI is thus strongly interested in collaboration within the RC-SAM, to study surface phenomenon in LC/polymer composites.  One important topic to be studied is the reorientation of the LC at the polymer surface.  KOI will use the FCPM and CARS microscopy at the LCI and Rosenblatt’s “optical nanotomography” at CWRU to study this surface phenomenon.  KOI will also use the TEM and SEM at the LCI to study fractured samples, aimed to determine the sharpness of the interfaces.  With a better understanding of the interface, they will be able to increase the reflectivity and decrease the switching voltage.  KOI will also study and develop periodic photonic structures with gradients, namely, the periodicity varies spatially within the devices, such that our devices will cover UV, visible and infrared spectra, in collaboration with CWRU (Rosenblatt, Petschek and others) and KSU teams who are working on diffraction gratings as described in the set of projects (a) above.  KOI will also use the prototyping facility in LCI to fabricate prototype devices because of its high quality clean environment and precise instruments.   

LXD is developing a variety of LC-based electrooptical devices. The issue of surface alignment of LCs is of prime importance for their performance. A specific current project focuses on cooperation with Lavrentovich and Woolverton in the alignment of lyotropic chromonic LCs for biological sensors. This development is new, as the company previously dealt with thermotropic materials. Understanding the properties of chromonic materials, their surface interactions, employing the TEM for characterization of their structure and alignment within the proposed RC-SAM would thus be of prime importance for the development of new products, in this case, the real-time biological sensors based on LCs.

The ORSP recruitment packages will enhance both KSU and CWRU’s research infrastructure that already is vital to the state’s economy, viz., soft materials (such as LCs) and the closely related biomedical industries.  These two areas have much in common scientifically, and they are juggernauts for the state’s high tech economy.  Both areas are expanding rapidly in terms of markets, as the display industry currently is a $100B annual market worldwide and the biomedical business, including drugs delivery, sensors, imaging, prosthetics, and an array of high tech devices, is an industry of an even broader scope.  Given the strong positions of Kent State and CWRU in these areas, Ohio either is poised to become, or already is, a major player in these fields.  With additional resources at the two universities, spin-off companies, almost always located in the same region as the universities involved, will ensue.  These will provide employment for the local workforce;   many of these jobs will be technically oriented, which is why it is important that there will be local outreach to excite children and teens about future career choices in technical areas.  As already noted, one of the outcomes of the ORSP funding will be its impact on career choices made by young people. We plan to integrate the research activities of RC-SAM with the educational efforts at all levels. For example, KSU has submitted a letter of interest to the Choose Ohio First program for the project, “Integrated Science Training for NEO’s Future Biomedical and Biotechnology Workforce”. Currently existing programs at the KSU, such as NSF-supported, “Research Experience for Undergraduates Site at Kent State University: Liquid Crystals and Advanced Materials”, and “International Research Experience for Students: Collaborative Research in Europe on Liquid Crystals” will assure multidimensional character of our educational activities.

A key commercialization component at CWRU is the participation of the Science and Technology Entrepreneurship Program (STEP). This is a masters degree program offered to students in science and engineering who are interested in entrepreneurship.  This award-winning program has broken new ground in science education by directly connecting advanced science students to technology commercialization. These students will be Commercialization Assistants (CA), being supported by local companies in developing plans for commercialization of new technology, and represent the cornerstone of the STEP program providing innovation and entrepreneurship education, new business development, and technology transfer.  Each intern (CA) is enrolled in the STEP. Students possess unique problem-solving skills and cutting-edge knowledge of technology innovation, commercialization, and entrepreneurial processes. The CA works individually or in teams performing any combination of the following tasks:

· Assessing probable impact of a technology on sponsor company and industry 

· Identifying potential markets, applications, partners, and licensing opportunities 

· Assisting in the development of commercialization strategies and/or business plans, and helping to make them operational 

· Identifying near-term sources of revenue such as products, services, and grants that will generate income while pursuing the plan 

· Developing a roadmap for corresponding technology development that provides feedback to research groups and companies (i.e. identifying research that must be performed to close the commercialization gap) 
The Mahoning Valley, like all of Northeast Ohio, has been historically heavily dependent on the manufacturing sector, has experienced a tremendous erosion of its employment base as the national economy transforms from manufacturing to technology basis.  The YSU region has experienced a high unemployment rate, as manufacturers continue to downsize and workers seek opportunities for re-training and employment in new technology sectors. While most of the large manufacturers have moved overseas, the region is still home to many small and medium-sized manufacturing businesses that are looking for opportunities to respond to the new economic realities.  Old line manufacturing companies are re-inventing themselves for the high technology world and companies are being born.  For example, Fireline TCON, a 90-year old manufacturer of ceramic materials, has invented a new metal-ceramic composite that is lighter, stronger, and cheaper to manufacture, and therein providing new business opportunities to expand their company into these newly discovered markets. (Another potential application for the Raman microscope proposed for YSU is for characterization and analysis of new composite materials. Fireline has expressed interest in working with YSU using Raman microscopy to provide surface analyses of the materials, especially at interfaces in composite materials.  The proposed Raman microscope instrument would be able to provide important chemical information with a high degree of spatial resolution and could provide a new tool in the characterization and development of new materials.)  
For communities such as the Mahoning Valley to survive this transformation, local catalytic agents are needed. The Youngstown Business Incubator (YBI) has already proven itself successful at being that necessary catalyst of change. YBI’s primary mission is to accelerate the startup and growth rates of scalable technology-based businesses in the greater Mahoning Valley. YBI companies have been awarded 16 intellectual property patents, developed 19 new commercial software applications, created over 170 new jobs, and supported customers in 44 foreign countries, and twice earned the State of Ohio’s Emerging Technology Award.

The newly created STEM College at YSU also serves as a growth agent for the community by partnering with businesses, industry leaders, deliverers of education, and government representatives.  YSU faculty have built collaborative alliances with regional industry, including a million dollar federally supported initiative in Cyber-instrumentation in conjunction with Zethus Software (a small start-up located in the Youngstown Business Incubator), a multi-million dollar collaboration with M*7 Technology in Advanced Metrology, a collaboration with Fireline TCON in materials development for which we are preparing a Research Commercialization Proposal, and our USDOT supported Center for Transportation Materials and Engineering.  
YSU is an integral part of the Mahoning-Shenango Valley Advanced Manufacturing Initiative (AMI), the mission of which is to spur the development of advanced products and processes by linking businesses with higher education and other institutions that facilitate growth and innovation. As a component of its activities, AMI provides access to the R & D, intellectual property, and training resources of YSU via a “One-Stop” front door portal.  The research and industry team will further partner with business development groups, including the Youngstown Business Incubator, to ensure that technologies developed within the research cluster are successfully transferred to the small and medium sized companies that comprise the major opportunities for job growth in our region, and in particular, in the proposed technical area.

YSU’s STEM College has partnered with the AMI to identify innovative ways in which our students can support the regional manufacturing environment.  Our Third Frontier Internship Program and other internship and co-op opportunities provide YSU STEM majors employment opportunities in companies throughout our community. We have worked with area K-12 educators to support area STEM education, serving as the coordinating site for Science Day, organizing the technology pavilion for the Canfield Fair, and support other regional initiatives.  In order to remain well connected, the Dean of the STEM College serves as a member of the STEM Advisory Council for Mahoning and Trumbull Counties. 

Budgets     
	Budget Form 1 - Lead Applicant Budget

	Use of Funds
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share

	Endowed Recruitment Packages (ERP)

	Endowment Funds
	5000000
	250000
	 
	250000
	 
	250000
	 
	250000
	 
	250000
	5000000
	1250000

	Capital Funds
	775000
	225000
	 
	200000
	 
	 
	 
	 
	 
	 
	775000
	425000

	Operating Funds
	34000
	157132
	34000
	163969
	34000
	171178
	34000
	178791
	34000
	186829
	170000
	857899

	Indirect (State funds capped at 20% of Operating Fund line)
	6800
	8840
	6800
	8840
	6800
	8840
	6800
	8840
	6800
	8840
	34000
	44200

	Subcontract / Subgrant
	3000000
	1725000
	870000
	805000
	495000
	1137000
	245000
	612000
	 
	382000
	4610000
	4661000

	Total ERP
	8815800
	2365972
	910800
	1427809
	535800
	1567018
	285800
	1049631
	40800
	827669
	10589000
	7238099

	Operating Funds – Non-ERP Expense

	Personnel/Fringe
	37910
	257157
	39493
	266087
	41160
	275375
	42914
	285054
	44763
	295134
	206240
	1378807

	Supplies
	20000
	 
	20000
	 
	20000
	 
	20000
	 
	20000
	 
	100000
	0

	Purchased Services
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0
	0

	Travel
	7000
	 
	7000
	 
	7000
	 
	7000
	 
	7000
	 
	35000
	0

	Other Direct Costs
	23000
	714617
	23000
	185883
	23000
	200000
	23000
	250460
	23000
	200000
	115000
	1550960

	Subtotal
	87910
	971774
	89493
	451970
	91160
	475375
	92914
	535514
	94763
	495134
	456240
	2929767

	Indirect (State funds capped at 20% of subtotal)
	17582
	22857
	17899
	23268
	18232
	23702
	18583
	24158
	18953
	24638
	91249
	118623

	Subcontract / Subgrant
	54000
	631050
	162000
	770350
	181200
	807270
	200400
	845190
	92400
	736890
	690000
	3790750

	Total Operating
	159492
	1625681
	269392
	1245588
	290592
	1306347
	311897
	1404862
	206116
	1256662
	1237489
	6839140

	Capital Funds – Non-ERP Expense

	Real Property
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0
	0

	Buildings & Structure
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0
	0

	Architectural Engineering Profes- sional Services
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0
	0

	Machinery
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0
	0

	Equipment
	2102000
	 
	 
	 
	 
	 
	 
	 
	 
	 
	2102000
	0

	Subcontract / Subgrant
	 
	 
	1450000
	350000
	240000
	 
	60000
	450000
	 
	801250
	1750000
	1601250

	Total Capital
	2102000
	0
	1450000
	350000
	240000
	0
	60000
	450000
	0
	801250
	3852000
	1601250

	Grand Total
	11077292
	3991653
	2630192
	3023397
	1066392
	2873365
	657697
	2904493
	246916
	2885581
	15678489
	15678489


	Case Western Reserve University:  Budget Form 2– Collaborator Budget

	Use of Funds
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share

	Endowed Recruitment Packages (ERP)

	
	Endowment Funds
	3,000,000
	1,725,000
	
	168,000
	
	500,000
	
	350,000
	
	257,000
	3,000,000
	3,000,000

	
	Capital Funds
	
	
	750,000
	500,000
	375,000
	500,000
	125,000
	125,000
	
	125,000
	1,250,000
	1,250,000

	
	Operational Funds
	
	
	100,000
	100,000
	100,000
	100,000
	100,000
	100,000
	
	
	300,000
	300,000

	
	Indirect (State funds capped at 20% of Operating Fund line)
	
	
	20,000
	37,000
	20,000
	37,000
	20,000
	37,000
	0
	0
	60,000
	111,000

	
	Total ERP
	3,000,000
	1,725,000
	870,000
	805,000
	495,000
	1,137,000
	245,000
	612,000
	
	382,000
	4,610,000
	4,661,000

	Operating Funds – Non-ERP Expense

	
	Personnel/Fringe
	45,000
	45,000
	125,000
	125,000
	141,000
	141,000
	157,000
	157,000
	77,000
	77,000
	545,000
	545,000

	
	Supplies
	
	
	10,000
	10,000
	10,000
	10,000
	10,000
	10,000
	
	
	30,000
	30,000

	
	Purchased Services
	
	
	
	
	
	
	
	
	
	
	
	

	
	Travel
	
	
	
	
	
	
	
	
	
	
	
	

	
	Other Direct Costs
	
	
	
	
	
	
	
	
	
	
	
	

	
	Subtotal
	45,000
	45,000
	135,000
	135,000
	151,000
	151,000
	167,000
	167,000
	77,000
	77,000
	575,000
	575,000

	
	Indirect (State funds

capped at 20% of subtotal)
	9,000
	16,650
	27,000
	49,950
	30,200
	55,870
	33,400
	61.790
	15,400
	28,490
	115,000
	212,750

	
	Total Operating
	54,000
	61,650
	162,000
	184,950
	181,200
	206,870
	200,400
	228,790
	92,400
	105,490
	690,000
	787,750

	Capital Funds – Non-ERP Expense

	
	Real Property
	
	
	
	
	
	
	
	
	
	
	
	

	
	Buildings & Structure
	
	
	300,000
	190,000
	
	
	
	
	
	110,000
	300,000
	300,000

	
	Architectural Engineering Professional Services
	
	
	
	
	
	
	
	
	
	
	
	

	
	Machinery
	
	
	
	
	
	
	
	
	
	
	
	

	
	Equipment
	
	
	1,150,000
	160,000
	240,000
	
	60,000
	450,000
	
	691,250
	1,450,000
	1,301,250

	
	Total Capital
	
	
	1,450,000
	350,000
	240,000
	
	60,000
	450,000
	
	801,250
	1,750,000
	1,601,250

	Grand Total
	3,054,000
	1,786,650
	2,482,000
	1,339,950
	916,200
	1,343,870
	505,400
	1,290,790
	92,400
	1,288,740
	7,050,000
	7.050,000


	Budget Form 2

	AlphaMicron, Inc.:  Budget Form 2– Collaborator Budget

	Use of Funds
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share

	Endowed Recruitment Packages (ERP)

	
	Endowment Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Capital Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Operational Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Indirect (State funds capped at 20% of Operating Fund line)
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total ERP
	
	
	
	
	
	
	
	
	
	
	
	

	Operating Funds – Non-ERP Expense

	
	Personnel/Fringe
	
	20,000
	
	20,000
	
	20,000
	
	20,000
	
	20,000
	
	100,000

	
	Supplies
	
	10,000
	
	10,000
	
	10,000
	
	10,000
	
	10,000
	
	50,000

	
	Purchased Services
	
	
	
	
	
	
	
	
	
	
	
	

	
	Travel
	
	2,000
	
	2,000
	
	2,000
	
	2,000
	
	2,000
	
	10,000

	
	Other Direct Costs
	
	
	
	
	
	
	
	
	
	
	
	

	
	Subtotal
	
	32,000
	
	32,000
	
	32,000
	
	32,000
	
	32,000
	
	160,000

	
	Indirect (State funds

capped at 20% of subtotal)
	
	10,000
	
	10,000
	
	10,000
	
	10,000
	
	10,000
	
	50,000

	
	Total Operating
	
	42,000
	
	42,000
	
	42,000
	
	42,000
	
	42,000
	
	210,000

	Capital Funds – Non-ERP Expense

	
	Real Property
	
	
	
	
	
	
	
	
	
	
	
	

	
	Buildings & Structure
	
	20,000
	
	20,000
	
	20,000
	
	20,000
	
	20,000
	
	100,000

	
	Architectural Engineering Profes- sional Services
	
	
	
	
	
	
	
	
	
	
	
	

	
	Machinery
	
	
	
	
	
	
	
	
	
	
	
	

	
	Equipment
	
	30,000
	
	30,000
	
	30,000
	
	30,000
	
	30,000
	
	150,000

	
	Total Capital
	
	
	
	
	
	
	
	
	
	
	
	

	Grand Total
	
	92,000
	
	92,000
	
	92,000
	
	92,000
	
	92,000
	
	460,000

	A Source and Use of Funds Table must be submitted for each Collaborator committing cost share.


	Cleveland Botanical Garden:  Budget Form 2– Collaborator Budget

	Use of Funds
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share

	Endowed Recruitment Packages (ERP)

	
	Endowment Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Capital Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Operational Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Indirect (State funds capped at 20% of Operating Fund line)
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total ERP
	
	
	
	
	
	
	
	
	
	
	
	

	Operating Funds – Non-ERP Expense

	
	Personnel/Fringe
	
	47,200
	
	47,200
	
	47,200
	
	47,200
	
	47,200
	
	236,000

	
	Supplies
	
	41,200
	
	41,200
	
	41,200
	
	41,200
	
	41,200
	
	206,000

	
	Purchased Services
	
	
	
	
	
	
	
	
	
	
	
	

	
	Travel
	
	
	
	
	
	
	
	
	
	
	
	

	
	Other Direct Costs
	
	
	
	
	
	
	
	
	
	
	
	

	
	Subtotal
	
	88,400
	
	88,400
	
	88,400
	
	88,400
	
	88,400
	
	442,000

	
	Indirect (State funds

capped at 20% of subtotal)
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total Operating
	
	88,400
	
	88,400
	
	88,400
	
	88,400
	
	88,400
	
	442,000

	Capital Funds – Non-ERP Expense

	
	Real Property
	
	
	
	
	
	
	
	
	
	
	
	

	
	Buildings & Structure
	
	
	
	
	
	
	
	
	
	
	
	

	
	Architectural Engineering Profes- sional Services
	
	
	
	
	
	
	
	
	
	
	
	

	
	Machinery
	
	
	
	
	
	
	
	
	
	
	
	

	
	Equipment
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total Capital
	
	
	
	
	
	
	
	
	
	
	
	

	Grand Total
	
	88,400
	
	88,400
	
	88,400
	
	88,400
	
	88,400
	
	442,000

	A Source and Use of Funds Table must be submitted for each Collaborator committing cost share.


	CoAdna Photonics, Inc.:  Budget Form 2– Collaborator Budget

	Use of Funds
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share

	Endowed Recruitment Packages (ERP)

	
	Endowment Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Capital Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Operational Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Indirect (State funds capped at 20% of Operating Fund line)
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total ERP
	
	
	
	
	
	
	
	
	
	
	
	

	Operating Funds – Non-ERP Expense

	
	Personnel/Fringe
	
	27,000
	
	28,000
	
	29,000
	
	30,000
	
	31,000
	
	145,000

	
	Supplies
	
	2000
	
	2000
	
	2000
	
	2000
	
	2000
	
	10,000

	
	Purchased Services
	
	20,000
	
	20,000
	
	20,000
	
	20,000
	
	20,000
	
	100,000

	
	Travel
	
	
	
	
	
	
	
	
	
	
	
	

	
	Other Direct Costs
	
	
	
	
	
	
	
	
	
	
	
	

	
	Subtotal
	
	49,000
	
	50,000
	
	51,000
	
	52,000
	
	53,000
	
	255,000

	
	Indirect (State funds

capped at 20% of subtotal)
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total Operating
	
	49,000
	
	50,000
	
	51,000
	
	52,000
	
	53,000
	
	255,000

	Capital Funds – Non-ERP Expense

	
	Real Property
	
	
	
	
	
	
	
	
	
	
	
	

	
	Buildings & Structure
	
	
	
	
	
	
	
	
	
	
	
	

	
	Architectural Engineering Profes- sional Services
	
	
	
	
	
	
	
	
	
	
	
	

	
	Machinery
	
	
	
	
	
	
	
	
	
	
	
	

	
	Equipment
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total Capital
	
	
	
	
	
	
	
	
	
	
	
	

	Grand Total
	
	49,000
	
	50,000
	
	51,000
	
	52,000
	
	53,000
	
	255,000

	A Source and Use of Funds Table must be submitted for each Collaborator committing cost share.


	Kent Displays, Inc.:  Budget Form 2– Collaborator Budget

	Use of Funds
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share

	Endowed Recruitment Packages (ERP)

	
	Endowment Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Capital Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Operational Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Indirect (State funds capped at 20% of Operating Fund line)
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total ERP
	
	
	
	
	
	
	
	
	
	
	
	

	Operating Funds – Non-ERP Expense

	
	Personnel/Fringe
	
	$75,000
	
	$80,000
	
	$85,000
	
	$90,000
	
	$95,000
	
	$425,000

	
	Supplies
	
	$20,000
	
	$21,000
	
	$22,000
	
	$23,000
	
	$24,000
	
	$110,000

	
	Purchased Services
	
	$20,000
	
	$21,000
	
	$22,000
	
	$23,000
	
	$24,000
	
	$110,000

	
	Travel
	
	$12,000
	
	$13,000
	
	$14,000
	
	$15,000
	
	$15,000
	
	$69,000

	
	Other Direct Costs
	
	0
	
	0
	
	0
	
	0
	
	0
	
	0

	
	Subtotal
	
	$127,000
	
	$135,000
	
	$143,000
	
	$151,000
	
	$158,000
	
	$714,000

	
	Indirect (State funds

capped at 20% of subtotal)
	
	$100,000
	
	$107,000
	
	$113,000
	
	$120,000
	
	$127,000
	
	$567,000

	
	Total Operating
	
	$227,000
	
	$242,000
	
	$256,000
	
	$271,000
	
	$285,000
	
	$1,281,000

	Capital Funds – Non-ERP Expense

	
	Real Property
	
	
	
	
	
	
	
	
	
	
	
	

	
	Buildings & Structure
	
	
	
	
	
	
	
	
	
	
	
	

	
	Architectural Engineering Profes- sional Services
	
	
	
	
	
	
	
	
	
	
	
	

	
	Machinery
	
	
	
	
	
	
	
	
	
	
	
	

	
	Equipment
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total Capital
	
	
	
	
	
	
	
	
	
	
	
	

	Grand Total
	
	
	
	
	
	
	
	
	
	
	
	


	Kent Optronics, Inc.:  Budget Form 2– Collaborator Budget

	Use of Funds
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share

	Endowed Recruitment Packages (ERP)

	
	Endowment Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Capital Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Operational Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Indirect (State funds capped at 20% of Operating Fund line)
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total ERP
	
	
	
	
	
	
	
	
	
	
	
	

	Operating Funds – Non-ERP Expense

	
	Personnel/Fringe
	
	78,000
	
	78,000
	
	78,000
	
	78,000
	
	78,000
	
	390,000

	
	Supplies
	
	5,000
	
	5,000
	
	5,000
	
	5,000
	
	5,000
	
	25,000

	
	Purchased Services
	
	
	
	
	
	
	
	
	
	
	
	

	
	Travel
	
	
	
	
	
	
	
	
	
	
	
	

	
	Other Direct Costs
	
	
	
	
	
	
	
	
	
	
	
	

	
	Subtotal
	
	83,000
	
	83,000
	
	83,000
	
	83,000
	
	83,000
	
	415,000

	
	Indirect (State funds

capped at 20% of subtotal)
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total Operating
	
	83,000
	
	83,000
	
	83,000
	
	83,000
	
	83,000
	
	415,000

	Capital Funds – Non-ERP Expense

	
	Real Property
	
	
	
	
	
	
	
	
	
	
	
	

	
	Buildings & Structure
	
	
	
	
	
	
	
	
	
	
	
	

	
	Architectural Engineering Profes- sional Services
	
	
	
	
	
	
	
	
	
	
	
	

	
	Machinery
	
	
	
	
	
	
	
	
	
	
	
	

	
	Equipment
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total Capital
	
	
	
	
	
	
	
	
	
	
	
	

	Grand Total
	
	83,000
	
	83,000
	
	83,000
	
	83,000
	
	83,000
	
	415,000

	A Source and Use of Funds Table must be submitted for each Collaborator committing cost share.


	LXD, Inc.:  Budget Form 2– Collaborator Budget

	Use of Funds
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share

	Endowed Recruitment Packages (ERP)

	
	Endowment Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Capital Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Operational Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Subtotal (State funds capped at 20% of Operating Fund line)
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total ERP
	
	
	
	
	
	
	
	
	
	
	
	

	Operating Funds – Non-ERP Expense

	
	Personnel/Fringe
	
	12,000
	
	10,000
	
	10,000
	
	10,000
	
	10,000
	
	52,000

	
	Supplies
	
	10,000
	
	12,000
	
	12,000
	
	12,000
	
	12,000
	
	58,000

	
	Purchased Services
	
	
	
	
	
	
	
	
	
	
	
	

	
	Travel
	
	8,000
	
	8,000
	
	8,000
	
	8,000
	
	8,000
	
	40,000

	
	Other Direct Costs
	
	
	
	
	
	
	
	
	
	
	
	

	
	Subtotal
	
	
	
	
	
	
	
	
	
	
	
	

	
	Indirect (State funds

capped at 20% of subtotal)
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total Operating
	
	30,000
	
	30,000
	
	30,000
	
	30,000
	
	30,000
	
	150,000

	Capital Funds – Non-ERP Expense

	
	Real Property
	
	
	
	
	
	
	
	
	
	
	
	

	
	Buildings & Structure
	
	
	
	
	
	
	
	
	
	
	
	

	
	Architectural Engineering Profes- sional Services
	
	
	
	
	
	
	
	
	
	
	
	

	
	Machinery
	
	
	
	
	
	
	
	
	
	
	
	

	
	Equipment
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total Capital
	
	
	
	
	
	
	
	
	
	
	
	

	Grand Total
	
	
	
	
	
	
	
	
	
	
	
	


A Source and Use of Funds Table must be submitted for each Collaborator committing cost share.
A Source and Use of Funds Table must be submitted for each Collaborator committing cost share.

	Youngstown State University:  Budget Form 2– Collaborator Budget

	Use of Funds
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share
	State Funds
	Cost Share

	Endowed Recruitment Packages (ERP)

	
	Endowment Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Capital Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Operational Funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	Subtotal (State funds capped at 20% of Operating Fund line)
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total ERP
	
	
	
	
	
	
	
	
	
	
	
	

	Operating Funds – Non-ERP Expense

	
	Personnel/Fringe
	53,200
	113,728

	54,796
	113,728
	56,440
	113,728

	
	113,728
	
	113,728

	164,436
	568,640


	
	Supplies
	55,564
	25,000


	15,000
	25,000


	15,000
	25,000


	
	25,000

	
	25,000

	85,564
	125,000


	
	Purchased Services
	
	
	
	
	
	
	
	
	
	
	
	

	
	Travel
	
	2400


	
	2400


	
	2400

	
	2400

	
	2400

	
	12,000


	
	Other Direct Costs
	
	
	
	
	
	
	
	
	
	
	
	

	
	Subtotal
	108,764
	141,128
	69,796
	141,128
	71,440
	141,128
	
	141,128
	
	141,128
	250,000
	705,640

	
	Indirect (State funds

capped at 20% of subtotal)
	21,753
	38,884
	13,959
	38,884
	14,288
	38,884
	
	38,884
	
	38,884
	50,000
	194,420

	
	Total Operating
	130,517
	180,012
	83,755
	180,012
	85,728
	180,012

	
	180,012

	
	180,012

	300,000
	900,060

	Capital Funds – Non-ERP Expense

	
	Real Property
	
	
	
	
	
	
	
	
	
	
	
	

	
	Buildings & Structure
	35,000
	
	
	
	
	
	
	
	
	
	35,000
	

	
	Architectural Engineering Profes- sional Services
	
	
	
	
	
	
	
	
	
	
	
	

	
	Machinery
	
	
	
	
	
	
	
	
	
	
	
	

	
	Equipment
	565,000
	
	
	
	
	
	
	
	
	
	565,000
	

	
	Total Capital
	
	
	
	
	
	
	
	
	
	
	
	

	Grand Total
	730,517
	180,012
	83,755
	180,012
	85,728
	180,012
	
	180,012
	
	180,012
	900,000
	900,060


	

	


Budget Form 3 

	Budget Form 3- Cost Share Funds - Source and Use of Funds

	Table of Cost Share
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind

	Source of Cost Share (By Entity - Lead Applicant or Collaborator)

	Kent State Univ.
	889289
	746314
	880056
	217991
	696553
	232542
	713845
	283458
	731963
	233478
	3911706
	1713783

	Case Western 
	1786650
	 
	1339950
	 
	1343870
	 
	1290790
	 
	1288740
	 
	7050000
	0

	AlphaMicron
	30000
	62000
	30000
	62000
	30000
	62000
	30000
	62000
	30000
	62000
	150000
	310000

	Cleveland Botanical
	 
	88400
	 
	88400
	 
	88400
	 
	88400
	 
	88400
	0
	442000

	CoAdna Photonics
	20000
	29000
	20000
	30000
	20000
	31000
	20000
	32000
	20000
	33000
	100000
	155000

	Kent Displays, Inc.
	32000
	195000
	34000
	208000
	36000
	220000
	38000
	233000
	39000
	246000
	179000
	1102000

	Kent Optronics
	 
	83000
	 
	83000
	 
	83000
	 
	83000
	 
	83000
	0
	415000

	LXD, Inc.
	8000
	22000
	8000
	22000
	8000
	22000
	8000
	22000
	8000
	22000
	40000
	110000

	Youngstown State University
	180012
	
	180012
	
	180012
	
	180012
	
	180012
	
	900060
	

	Total
	2765939
	1225714
	2312006
	711391
	2134423
	738942
	2100635
	803858
	2117703
	767878
	11430706
	4247783

	Source of Cost Share (By Type)

	Federal
	1677095
	 
	786386
	 
	581119
	 
	661663
	 
	660516
	 
	4366779
	0

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0
	0

	Corporate/ Industrial
	90000
	391000
	92000
	405000
	94000
	618000
	96000
	632000
	97000
	646000
	469000
	2692000

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0
	0

	Higher Education
	1713461
	31697
	1619503
	32108
	1459304
	32542
	1393432
	32998
	1360187
	33478
	7545887
	162823

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0
	0

	Other Non-profit
	 
	88400
	 
	88400
	 
	88400
	 
	88400
	 
	88400
	0
	442000

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0
	0

	Other
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0
	0

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	0
	0

	Total
	3480556
	511097
	2497889
	525508
	2134423
	738942
	2151095
	753398
	2117703
	767878
	12381666
	3296823


	Case Western Reserve University:  Budget Form 3– Cost Share Funds – Source and Use of Funds

	Table of Cost Share
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind

	Source of Cost Share (By Entity – Lead Applicant or Collaborator)

	
	Case Western Res. U
	1,786,650
	
	1,339,950
	
	1,343,870
	
	1,290,790
	
	1,288,740
	
	7,050,000
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total
	1,786,650
	
	1,339,950
	
	1,343,870
	
	1,290,790
	
	1,288,740
	
	7,050,000
	

	Source of Cost Share (By Type)

	
	Federal
	962,478
	
	600,503
	
	581,119
	
	611,203
	
	660,516
	
	3,415,819
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Corporate/

Industrial
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Higher Education
	824,172
	
	739,447
	
	762,751
	
	679,587
	
	628,224
	
	3,634,181
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Other Non-profit
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Other
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total
	1,786,650
	
	1,339,950
	
	1,343,870
	
	1,290,790
	
	1,288,740
	
	7,050,000
	


	Alpha Micron, Inc.:  Budget Form 3– Cost Share Funds – Source and Use of Funds

	Table of Cost Share
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind

	Source of Cost Share (By Entity – Lead Applicant or Collaborator)

	
	Endowment Recruitment Packages
	
	
	
	
	
	
	
	
	
	
	
	

	
	Operating Funds
	30,000
	2,000
	30,000
	2,000
	30,000
	2,000
	30,000
	2,000
	30,000
	2,000
	150,000
	10,000

	
	Indirect
	
	10,000
	
	10,000
	
	10,000
	
	10,000
	
	10,000
	
	50,000

	
	Capital funds
	
	50,000
	
	50,000
	
	50,000
	
	50,000
	
	50,000
	
	250,000

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total
	30,000
	62,000
	30,000
	62,000
	30, 000
	62,000
	30,000
	62,000
	30,000
	62,000
	150,000
	310,000

	Source of Cost Share (By Type)

	
	Federal
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Corporate/

Industrial
	30,000
	62,000
	30,000
	62,000
	30,0 00
	62,000
	30,000
	62,000
	30,000
	62,000
	150,000
	310,000

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Higher Education
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Other Non-profit
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Other
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total
	30,000
	62,000
	30,000
	62,000
	30,0 00
	62,000
	30,000
	62,000
	30,000
	62,000
	150,000
	310,000


	Cleveland Botanical Garden:  Budget Form 3– Cost Share Funds – Source and Use of Funds

	Table of Cost Share
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind

	Source of Cost Share (By Entity – Lead Applicant or Collaborator)

	
	Endowment Recruitment Packages
	
	
	
	
	
	
	
	
	
	
	
	

	
	Operating Funds
	
	88,400
	
	88,400
	
	88,400
	
	88,400
	
	88,400
	
	442,000

	
	Indirect
	
	
	
	
	
	
	
	
	
	
	
	

	
	Capital funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total
	
	88,400
	
	88,400
	
	88,400
	
	88,400
	
	88,400
	
	442,000

	Source of Cost Share (By Type)

	
	Federal
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Corporate/

Industrial
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Higher Education
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Other Non-profit
	
	88,400
	
	88,400
	
	88,400
	
	88,400
	
	88,400
	
	442,000

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Other
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total
	
	88,400
	
	88,400
	
	88,400
	
	88,400
	
	88,400
	
	442,000


	CoAdna Photonics, Inc.:  Budget Form 3– Cost Share Funds – Source and Use of Funds

	Table of Cost Share
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind

	Source of Cost Share (By Entity – Lead Applicant or Collaborator)

	
	Endowment Recruitment Packages
	
	
	
	
	
	
	
	
	
	
	
	

	
	Operating Funds
	20,000
	29,000
	20,000
	30,000
	20,000
	31,000
	20,000
	32,000
	20,000
	33,000
	100,000
	155,000

	
	Indirect
	
	
	
	
	
	
	
	
	
	
	
	

	
	Capital funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total
	20,000
	29,000
	20,000
	30,000
	20,000
	31,000
	20,000
	32,000
	20,000
	33,000
	100,000
	155,000

	Source of Cost Share (By Type)

	
	Federal
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Corporate/

Industrial
	20,000
	29,000
	20,000
	30,000
	20,000
	31,000
	20,000
	32,000
	20,000
	33,000
	100,000
	155,000

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Higher Education
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Other Non-profit
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Other
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total
	20,000
	29,000
	20,000
	30,000
	20,000
	31,000
	20,000
	32,000
	20,000
	33,000
	100,000
	155,000


	Kent Displays, Inc.:  Budget Form 3– Cost Share Funds – Source and Use of Funds

	Table of Cost Share
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind

	Source of Cost Share (By Entity – Lead Applicant or Collaborator)

	
	Endowment Recruitment Packages
	
	
	
	
	
	
	
	
	
	
	
	

	
	Operating Funds
	32,000
	95,000
	34,000
	    101,000
	36,000
	107,000
	38,000
	113,000
	39,000
	119,000
	
	714,000

	
	Indirect
	
	100,000
	
	107,000
	
	113,000
	
	120,000
	
	127,000
	
	567,000

	
	Capital funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total
	32,000
	195,000
	34,000
	208,000
	36,000
	220,000
	38,000
	233,000
	39,000
	246,000
	
	1,281,000

	Source of Cost Share (By Type)

	
	Federal
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Corporate/

Industrial
	32,000
	195,000
	34,000
	208,000
	36,000
	220,000
	38,000
	233,000
	39,000
	246,000
	 
	1,281,000

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Higher Education
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Other Non-profit
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Other
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total
	32,000
	195,000
	34,000
	208,000
	36,000
	220,000
	38,000
	233,000
	39,000
	246,000
	 
	1,281,000


	Kent Optronics, Inc.:  Budget Form 3– Cost Share Funds – Source and Use of Funds

	Table of Cost Share
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind

	Source of Cost Share (By Entity – Lead Applicant or Collaborator)

	
	Endowment Recruitment Packages
	
	
	
	
	
	
	
	
	
	
	
	

	
	Operating Funds
	
	83,000
	
	83,000
	
	83,000
	
	83,000
	
	83,000
	
	415,000

	
	Indirect
	
	
	
	
	
	
	
	
	
	
	
	

	
	Capital funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total
	
	83,000
	
	83,000
	
	83,000
	
	83,000
	
	83,000
	
	415,000

	Source of Cost Share (By Type)

	
	Federal
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Corporate/

Industrial
	
	83,000
	
	83,000
	
	83,000
	
	83,000
	
	83,000
	
	415,000

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Higher Education
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Other Non-profit
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Other
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total
	
	83,000
	
	83,000
	
	83,000
	
	83,000
	
	83,000
	
	415,000


	LXD, Inc.:  Budget Form 3– Cost Share Funds – Source and Use of Funds

	Table of Cost Share
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind

	Source of Cost Share (By Entity – Lead Applicant or Collaborator)

	
	Endowment Recruitment Packages
	
	
	
	
	
	
	
	
	
	
	
	

	
	Operating Funds
	8,000
	22,000
	8,000
	22,000
	8,000
	22,000
	8,000
	22,000
	8,000
	22,000
	40,000
	110,000

	
	Indirect
	
	
	
	
	
	
	
	
	
	
	
	

	
	Capital funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total
	8,000
	22,000
	8,000
	22,000
	8,000
	22,000
	8,000
	22,000
	8,000
	22,000
	40,000
	110,000

	Source of Cost Share (By Type)

	
	Federal
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Corporate/

Industrial
	8,000
	22,000
	8,000
	22,000
	8,000
	22,000
	8,000
	22,000
	8,000
	22,000
	40,000
	110,000

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Higher Education
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Other Non-profit
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Other
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total
	8,000
	22,000
	8,000
	22,000
	8,000
	22,000
	8,000
	22,000
	8,000
	22,000
	40,000
	110,000


	Youngstown State University:  Budget Form 3– Cost Share Funds – Source and Use of Funds

	Table of Cost Share
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5
	Total

	
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind
	Cash
	In-Kind

	Source of Cost Share (By Entity – Lead Applicant or Collaborator)

	
	Endowment Recruitment Packages
	
	
	
	
	
	
	
	
	
	
	
	

	
	Operating Funds
	141,128
	
	141,128
	    
	141,128
	
	141,128
	 
	141,128
	
	705,640
	

	
	Indirect
	38,884
	
	38,884
	
	38,884
	
	38,884
	
	38,884
	
	194,420
	

	
	Capital funds
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total
	180,012
	
	180,012
	
	180,012
	
	180,012
	
	180,012
	
	900,060
	

	Source of Cost Share (By Type)

	
	Federal
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Corporate/

Industrial
	
	
	
	
	
	
	
	
	
	
	 
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Higher Education
	180,012
	
	180,012
	
	180,012
	
	180,012
	
	180,012
	
	900,060
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Other Non-profit
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Other
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	Total
	
	
	
	
	
	
	
	
	
	
	 
	


Budget Form 4
Endowed Recruitment Package

(One form for each position requested)

	Lead Applicant or Collaborator Name:
	Kent State University
	

	
	
	
	

	Position Title:
	Experimental Physics/Materials Science 

	
	State
	Cost Share Contribution To Package*
	Total

	Endowment Funds
	2500000
	625000
	3125000

	Operating Funds
	102000
	451050
	553050

	Capital Funds
	675000
	325000
	1000000

	Grand Total
	3277000
	1401050
	4678050

	 
	 
	 
	 

	
	
	
	

	Budget Detail for the above Endowed Recruitment Package:

	$82,986 in operating funds will be provided as part of the cost share to support a graduate assistant line and salary for a postdoctoral research associate.  Operating funds are requested for travel, supplies, minor equipment, moving expenses, and expenses incurred in relocating the Reserch Scholar's reserach equipment to KSU as required.

	$675,000 in capital funds is requested and $325,000 will be provided as part of the cost share for a total of $1,000,000 to purchase major research instrumentation and for minor laboratory renovations, as required

	Compensation for the endowed Research Scholar will be provided from the interest earned on the endowment funds together with a cost share in the amount of $625,000 to match the anticipated interest earned on the endowment

	 

	 

	*  Cost share reported here should only include direct contributions to the recruitment package offered for the named position.  Total compensation will be comprised of the interest earned on the endowment plus any cost shared salary.  The total of the cost share in Endowment Funds and Operating Funds (pledged as salary) must at least equal the projected five year interest earnings on the state's share of the dedicated endowment.   

	

	


Budget Form 4
Endowed Recruitment Package

(One form for each position requested)

	Lead Applicant or Collaborator Name:
	Kent State University
	

	
	
	
	

	Position Title:
	Theoretical Physics/Materials Science, Numerical Solutions

	
	
	
	

	
	State
	Cost Share Contribution To Package*
	Total

	Endowment Funds
	2500000
	625000
	3125000

	Operating Funds
	102000
	451049
	553049

	Capital Funds
	100000
	100000
	200000

	Grand Total
	2702000
	1176049
	3878049

	 
	 
	 
	 

	
	
	
	

	Budget Detail for the above Endowed Recruitment Package:

	$82,986 in operating funds will be provided as part of the cost share to support a graduate assistant line and salary for a postdoctoral research associate.  Operating funds are requested for travel, supplies, minor equipment, moving expenses, and expenses incurred in relocating the Reserch Scholar's reserach equipment to KSU as required.

	$100,000 in capital funds is requested and $100,000 will be provided as part of the cost share for a total of $200,000 to purchase, e.g., multiprocessor computing cluster for numerical simulations, $40,000, computer software $30,000 and office space renovation.

	Compensation for the endowed Research Scholar will be provided from the interest earned on the endowment funds together with a cost share in the amount of $625,000 to match the anticipated interest earned on the endowment

	 

	 

	*  Cost share reported here should only include direct contributions to the recruitment package offered for the named position.  Total compensation will be comprised of the interest earned on the endowment plus any cost shared salary.  The total of the cost share in Endowment Funds and Operating Funds (pledged as salary) must at least equal the projected five year interest earnings on the state's share of the dedicated endowment.   

	

	

	


Budget Form 4:  Endowed Recruitment Package

(One form for each position requested)

	Case Western Reserve University


Lead Applicant or Collaborator Name:

	Ohio Research Scholar in Surfaces of Advanced Materials


Position Title:

	
	State
	Cost Share Contribution To Package*
	Total

	Endowment Funds
	3,000,000
	
	3,000,000

	Operating Funds
	300,000
	*450,000
	750,000

	Capital Funds
	1,250,000
	
	1,250,000

	Grand Total
	4,550,000
	450,000
	5,000,000


Budget Detail for the above Endowed Recruitment Package:
	 Operating Funds State:  240,000 for 2 students/postdocs for 3 years 

                                       60,000 for supplies  for 3 years                                          

	Operating Funds Cost Share:  200,000 for Scholar salary/fringe for 4 years

                                                 250,000 for Associated Junior Hire Salary for 4 years

	Capital Equipment:  1,250,000 for start up equipment for Scholar

                                    

	

	

	

	* assuming interest on endowment at 3% rate


*  Cost share reported here should only include direct contributions to the recruitment package offered for the named position.  Total compensation will be comprised of the interest earned on the endowment plus any cost shared salary.  The total of the cost share in Endowment Funds and Operating Funds (pledged as salary) must at least equal the projected five year interest earnings on the state’s share of the dedicated endowment.  
Budget Narrative

Kent State University

KSU plans to attract two new Research Scholars to the Liquid Crystal Institute, an experimentalist in the field of surface physics/material characterization, and a theorist/computer modeling specialist in the field of surface interactions.  $5.0m from the ORSP will be earmarked for a salary endowment for the two hires.  Equipment start-up package will be $1.2m, split in the proportion $775k : $425k between the ORSP and KSU.  In operating funds, we request travel support (including travel for networking within the RC-SAM, travel for student recruiting purposes) and supplies funds for both hires, at the level of $34k/year.  KSU will provide additional funds for two postdoctoral fellows and two graduate students associated with the hires.
The selection of start-up equipment will be decided primarily by the Research Scholars. Among these instruments, we anticipate a small-angle X-ray scattering instrument (estimated cost, $300k), a Scanning Tunneling Microscope, estimated cost $150k, a multiphoton confocal microscope ($150k), an atomic force microscope ($80k), FTIR spectrometer ($75k).  The cost of the multiprocessor computing cluster for numerical simulations is about $40k, the cost of computer software is about $40k for two hires. Smaller equipment items would include CCD cameras, cleaners, spin coaters, optical elements such as lenses, lasers, photomultipliers, and optical tables.

We request capital investment in the purchase of a transmission electron microscope with a freeze-fracture unit. These instruments will be a part of shared facilities at the LCI with access open to the faculty at KSU and collaborators within the RC-SAM.   The selected microscope is JEM2100F, produced by JEOL USA, Inc. The price of selected configuration is $1,819,345.00; we negotiated with JEOL USA for a very substantial discount of the instrument cost, (-$326,845.00), so that the net grand total, including delivery cost of $7,500, accessories and on-site training, is reduced to $1.5m.  The TEM unit will be supplemented by the freeze-fracture preparation set up. The cost of the latter is $420k.  The Office of University Architect at KSU and LCI’s Instrumentation Engineer M. Groom inspected the space at the LCI and estimated that the remediation of the site for installation of TEM and freeze-fracture unit ill be around $182k. The total capital funds requested from OSRP are thus $2.102m. Below we describe the features of the selected TEM.

The TEM principle is similar to an optical microscope, with a flood beam of electrons illuminating a thin (~100 nm) sample and then projecting onto a viewing device (screen, camera).  By using radiation of a much shorter wavelength, the TEM gains enormous improvement in resolution over the optical microscope, and is the only technique that provides real-space images of three-dimensional objects with nanometer-scale resolution.


JEM2100F (80kV-200kV) is a new generation of TEM featuring atomic-level structural analysis in material sciences, biology and medicine, capable of rapid data acquisition. The microscope features a Schottky field emission electron gun producing a probe size of 0.15 nm.  An ultra-high point-to-point resolution is guaranteed at 0.19 nm, and an atomic scale resolution of 0.136 nm can be achieved (see below). To perform the atomic-level stage movements, the JEM2100F is equipped with a tension-free specimen holding system and a five-axis goniometer stage with a mechanical drift less than 0.2nm/min. The piezo-controlled stage provides the atomic-positioning with a precision 0.01 nm/step. The drift correction software ensures stability for the duration of image exposition and acquisition.  The instrument thus features highly stable imaging, adjustable accelerating voltages, a stable specimen stage and stable lenses to ensure accurate image and diffraction measurements.  JEM2100F is a very flexible instrument built on a modular design to meet the needs of users with different research projects requiring a broad range of microscopic techniques from TEM, Scanning TEM (STEM), to fully-automated image development, tomography, and cryo-TEM (www.jeol.com/tem/temprods/jem2100f.html). 


The electron beam passing through the sample produces a number of effects. Some electrons might pass without being scattered while some will diffract by interactions with the sample, or will be backscattered. By choosing the aperture position, one can work in the dark field mode (diffracted electrons) or in the bright field (unscattered electrons).  JEM2100F has both options, as well as the STEM option.  The transmitted electrons in the bright field are either unscattered or scattered by a small angle.  STEM allows one to study thicker samples as compared to the regular TEM.  The reason is that with a large area detection of STEM, there is no need to focus lenses below the sample; the electrons of different energies thus do not produce the effect of “chromatic aberrations” and thus a blurring of the image as in a regular TEM mode attempted at ultrahigh resolution. The STEM mode is therefore of importance in elucidating the structure of 3D curved membranes or LCLC structures with distortions and inclusions.  In general, all projects above will benefit from it, as a thicker sample implies a higher probability of finding the feature of interest within the field of view. Another very attractive feature of the requested instrument is the high angle annular dark field (HAADF) for STEM (pneumatically controlled), to yield the best imaging resolution in the TEM (about 0.136nm; compared to 0.19 nm in TEM point-to-point and TEM lattice resolution of 0.1 nm for JEM2100F). In HAADF, also known as the Z-contrast imaging, the inner diameter of the detector is so large that the contribution of the Bragg reflections is minimized and images are formed by incoherent thermally scattering of electrons.  These electrons are not very sensitive to the thickness and defocusing changes; larger sample thickness and larger atomic number Z produces stronger scattering, making it possible to produce Z-contrast images.  The available mode of convergent beam diffraction in STEM allows one to obtain phase identification, symmetry determination, phase fingerprinting, thickness measurement, strain/lattice parameter measurement and structure factor determination.  JEM2100F is equipped with a fully integrated tomography system for 3D image reconstruction in the TEM.  A series of images are taken in TEM mode at a series of tilts – automatically adjusted at each tilt step for changes in x/y and changes in focus.  This stack of images is then automatically aligned and from this a 3D reconstruction of the sample is formed.   Tomography mode is important to all projects and especially for the studies of membrane (Kooijman) and nanoporous structures (Jaroniec), as it allows one to get an insight into the 3D features of heterogeneous systems with developed interfaces. 


The Intranet Communication and Publishing software of JEM2100F facilitates communication and the exchange of micrographs and electronic data between researchers of RC-SAM.  An intranet website establishes the posting of micrographs, image data, microscope scheduling information and manuscripts.


JEOL USA, Inc., is a world leader in the electron microscopy and instrumentation for high-end research and industrial development with 13 regional service centers. JEOL has been awarded three consecutive annual Omega Northface service awards. According to Mr. W. Powell, Great Lakes district manager of JEOL USA Inc., “JEOL JEM2100F has competed against the Tecnai and Titian in sales situations at the University of Michigan, University of Pittsburgh, General Motors, and National Institute of Health-Cincinnati; and provided superior results in each demonstration.”   

We request operating funds to support the travel expenses associated with research and business networking within the state of Ohio which is essential for the collaborative nature of RC-SAM, at the level of $7k per year.  A related request is for the organization of the annual conferences on RC-SAM area of research.  We will provide the travel and local accommodation support to scientists who lead the world in surface science. We plan to invite and provide support to representatives of small companies with interest in surface properties of advanced materials, to encourage them to engage into the RC-SAM research and development projects.  We request salary support for a Secretary to assist the new hires, the rest of the faculty in the area of surface research, to organize the annual scientific meetings and to maintain a web site for the RC-SAM.  KSU will provide a salary for an operator of the TEM, at the initial level of $55,000 (increased by approximately 3% each year), contributing it towards the cost-share.  The cost of supplies and consumables for TEM and freeze fracture is estimated to be $20k per year.
Currently available KSU extramural grants for research directly within the RC-SAM area will be used in cost-share.   The current grants are: 

NSF-sponsored “Materials World Network on Lyotropic Chromonic Liquid Crystals”, ending date August 31,2010, KSU account 442249; the project focuses on lyotropic chromonic liquid crystals, their syrface alignment and bulk properties; we will use TEM to characterize these materials and their surface properties;

Department of  Energy sponsored project “Electric Field Effects in Liquid Crystals with Dielectric Dispersion”, ending date May 31, 2010, KSU account 440606; the project focuses on electrooptical switching of nematic liquid crystals, in which surface anchoring plays an important role;

Air Force Office of Scientific Research, Multi-University Research Initiative on Self-assembled Soft Optical Negative Index Materials, ending date April 30, 2009, KSU account 444286; the project focuses on nanostructured systems amd TEM will add substantially to the research advances in this project. 

We plan to continue our efforts to secure extramural funding from industrial and federal sources, as illustrated by table 2 in the Proposal Narrative.  We plan to secure approximately $650k in the years 3, 4 and 5 of the project to meet the cost share requirements.

Case Western Reserve University

Case Western Reserve University will hire two new faculty members associated with this project.  The senior hire will be the Ohio Research Scholar (ORS).  The budget package for the ORS is given in Budget Form 4 and in detail in the Endowed Recruitment Package section of Budget Form 2.  Operational funds will provide student/postdoc support and supplies for the 3-year start up period.  The total state funded start up package is $4,550,000.  In addition, Case Western will provide the ORS with an additional $200,000 in salary during the four years following hire at $50,000/year.  The annual salary/fringe funds for the scholar is $140,000 for four project years following her/his hire including $90,000 from endowment income and $50,000 from the Case Western.

A second hire at the junior level will be associated with the ORS hire, with the new salary line to be supported by Case Western.  This hire will be an attraction to the ORS candidate.  The 3-year start up package to be offered to this junior hire includes $600,000 for capital equipment, $150,000 for laboratory renovation, $240,000 for student/posdoc support, and $30,000 for supplies to be allocated as follows. 

	
	Year 2
	Year 3
	Year 4
	Total

	Lab Renovation
	150,000
	
	
	150,000

	Capital Equipment
	300,000
	240,000
	60,000
	600,000

	Student/postdoc 
	80,000
	80,000
	80,000
	240,000

	Supplies
	10,000
	10,000
	10,000
	30,000

	Total
	540,000
	330,000
	150,000
	1,020,000


During the project period, Case Western will provide $100,000 per year for 4 years in salary/fringe for the junior level hire for a total of $400,000.  The $200,000 ORS salary and $250,000 of the junior hire salary will be used to meet the cash match required for the endowment income at 3% over the project period.

The endowment and start up packages constitute $5,570,000 of the state funding for the project.  The remaining funds will support the ORS through research cluster support.  Expenditure of these funds include:

	Technician salary at $45,000/year for 5 years
	225,000

	STEP student support for commercialization assistants 5@$16,000; 1 in yr3, 2 in yrs. 4-5
	80,000

	Renovation of fabrication/analytical facilities in year 2
	150,000

	Equipment for fabrication/analytical facilities in year 2
	850,000

	Total
	1,305,000


The remaining $175,000 from the State are indirect costs.  

Capital funds will be expended for the research cluster for improvements to the existing Advanced Materials Fabrication Facility located in the Rockefeller Building and originally developed in 1995 with funding from the National Science Foundation major instrumentation facility grant, from the State of Ohio, and from Case Western Reserve University.  The requested facility upgrade includes $150,000 to upgrade the fabrication room to a class 10,000 clean room.  Equipment listed in the table below includes a glove box system for fabrication of organic materials and devices including evaporators for organics and metal thin films.  Other equipment includes atomic layer and spin deposition, surface treatment, e.g., plasma system and ozone cleaner.  Analytical equipment includes an optical surface profiling system, atomic force microscope, microRaman system, FTIR, and video imaging and heat stage upgrades to our polarizing microscope.  All items are used in routine surface analysis.

	Equipment
	

	Atomic layer deposition system
	$150,000

	Oxygen plasma system
	$35,000

	Ultraviolet ozone cleaner
	$40,000

	Glove box system with evaporators
	$250,000

	Spin coaters
	$12,000

	Thermal control system
	$8,000

	Optical surface profiling
	$135,000

	Atomic Force Microscope
	$75,000

	FTIR spectrometer
	$75,000

	MicroRaman system
	$60,000

	Microscope video imaging
	$10,000

	TOTAL equipment    
	$850,000


AlphaMicron, Inc. (AMI)
The company commits to contribute $92k each year to the cost of cost-share in the RC-SAM project.  The funds represent (partial) salaries of AMI employees, cost of supplies, travel and capital investment associated with research within RC-SAM. 

CoAdna Photonics, Inc. 
The company commits to contribute to the cost share of the RC-SAM project, namely, to pay the fees for the use of the facilities at the Liquid Crystal Institute which is estimated to be $15,000 annually. In addition, as a  member of the Industrial Partnership Program of the Liquid Crystal Institute, CoAdna will pay the membership fee, which is currently $5,000/ year.  Finally, for the collaborative research to be carried out at the CoAdna site, CoAdna commits 1/3 time of a CoAdna Engineer. These committed resources are already available for Kent State University from the Research and Development budget of CoAdna Photonics.

Cleveland Botanical Garden
The Garden’s involvement in this RC-SAM project is supported by a $38,000 grant from the George Gund Foundation to fund the project manager’s salary for one year and a $20,000 grant from the Bicknell Fund to  initiate the launch of this research.  First steps will be the purchase of liquid crystal panels for one research green house and costs associated with the public education efforts around the program.  The Garden is currently in the process of seeking additional funding to extend the salaries of our project manager and research director and for equipment, materials and protocol-related line items.  The plan is to secure a minimum of $406,000 to support this project over the course of five years.  Materials and labor for constructing two research greenhouses are being donated by Arcadia GlassHouse LLC of Painesville, OH.  

Kent Displays, Inc. (KDI)
The company commits to contribute to the cost of cost-share in the RC-SAM project at the level of $227k for the first year and increasing over the five years of RC-SAM project. The total KDI’s contribution to the cost-share is $1.281m.   The funds represent salaries of KDI employees, cost of supplies and services, travel expenses associated with research within RC-SAM. 

Kent Optronics, Inc. (KOI)
The company commits to support a researcher (annual salary $78k) for five years to carry out research projects on interfaces between liquid crystals and polymers.  He or she will perform experiments at KOI and at the LCI.  KOI  will also help LCI to develop and commercialize devices generated in the program.  KOI will provide the opportunity to train graduate students, for example, through summer internships.  An additional investment of $5k per year is for research supplies.  All these funds represent a cost share of the proposed RC-SAM project.  

LXD, Inc.
The company commits to contribute to the cost share of the RC-SAM project, namely, to support a partial salary of an employee at LXD who will perform research in the area of surface properties of liquid crystals.  The company will also provide the funds for supplies used in this research and associated travel.   These committed resources, at the level of $30k/year for all 5 years of the project will represent the contribution of LXD to the RC-SAM project’s cost share.
Youngstown State University
Youngstown State University will hire one new faculty member associated with this project whose salary will be fully supported by YSU as a non-ORSP position, fully supported by YSU.  The start up package to be offered to this hire includes $145,000 for capital equipment, and $35,000 for supplies (from ORSP funds), along with $50,000 for graduate student support (from YSU funds).  During the project period, YSU will allocate $25,000 per year for 5 years in salary/fringe as cost share for this position for a total of $125,000 to be used to meet a portion of the cash match required for ORSP.
The remaining ORSP funds will provide research cluster support, primarily in the form of major additional equipment purchases. A summary of the expenditure of State funds is as follows:

	Capital Equipment for fabrication/analytical facilities (described below)
	420,000

	Startup package for new faculty member ($145k equipment, $35k supplies)
	180,000

	Supplies, maintenance, and repair
	50,564

	Renovation of fabrication/analytical facilities 
	35,000

	Post doc/Technician salary for 3 years
	164,436

	Total
	850,000


The remaining $50,000 from the State are indirect costs.  

Capital funds will be expended for the research cluster for improvements to the existing Photonics and Semiconductor materials facility to provide a working chemical fume hood and to ensure the safe, clean use of the materials to be studied with the new equipment. Equipment listed in the table below includes (i)  an atomic force microscope equipped for use in a magnetic tapping mode suitable for  liquid crystals and very soft ($150,000), (ii) a Nd:YAG pumped optical parametric oscillator for use in probing spectral dependence of nonlinear optical properties ($60,000), (iii) a Raman microscope for use in surface-enhanced Raman spectroscopy (SERS) ($130,000), (iv)  a mask aligner for use in photolithography to pattern sample surfaces ($70,000), and (v) a spin coater for sample preparation ($10,000).    All items are used in routine surface preparation or analysis.

Cost share for YSU’s portion of the RC-SAM support will come from from five sources (i) graduate student support, (ii) faculty reassigned time for research, (iii) 10% time from a new Academic Dean for Research and Economic Development, (iv) maintenance and supplies, and (v) travel expenses. Each of these sources will be used as described here and in the table that follows.  (i) Graduate student support at the masters level will be provided for 10 graduate students (two per year) to work on the project over its first five years, including tuition and fee support, an academic year and summer stipend, and fringe benefits ($207,090). (ii) Faculty working on the project will be provided reassigned time from teaching in a total amount of 75 workload hours to be distributed among the partipating faculty over five years according to the needs of the project ($290,938)  based on an estimated academic year salary of $70k  plus fringes.  (iii) YSU will assign 10% of the time of the new Associate Dean for Research and Economic Development to work on further developing commercial partners and support for the project, based on an estimated $100k annual salary plus fringes ($70,611). (iv) YSU will provide an annual maintenance and supplies amount of $25k for each of the five years for this project ($125k). (v) Funds allocated for faculty travel in the amount of $12,000 will be dedicated to travel associated with this project.  Remaining cost share will come from YSU’s normal published rate for indirect costs associated with salary and wages. 
	
	
	
	
	

	YSU Operating Cost Share 
	
	
	

	
	Graduate students
	 $        117,000 
	
	10 students at $10,000 per AY plus $1700 summer

	
	Faculty participants
	 $        218,750 
	
	Assumes 15 wh per faculty, avg salary of 70K/AY

	
	Associate Dean 
	 $          53,091 
	
	10% time of Associate Dean over 5 years, assumes salary of 100K

	
	Fringe benefits
	 $        179,798 
	
	77% of graduate student wages, 33% of faculty wages

	Indirect costs
	 $        194,421 
	
	50% of salary and wages

	Maintenance and Supplies
	 $        125,000 
	
	

	Travel
	 $          12,000 
	
	

	Total Operating
	 $        900,060 
	
	


Past Performance on Prior TFP Awards

In recent years, the state has provided the following funds to KSU and collaborators: 
1. Wright Center on Flexible Optical and Electronic Device Manufacturing Facility, $1.6 mln, 2003, and a supplement for Ink Jet Printing, 2005.
2. Wright Center of Innovation Center for Multifunctional Polymer Nanomaterials and Devices  (CMPND), equipment grant, subcontract to Ohio State University and the University of Akron; KSU’s share $367,000, started June 2005.
3. Wright Research and Commercialization Initiative, Commercialization of functional polymide films and nanocomposites, a subcontract to Akron Polymer Systems. KSU’s share $300,000. The project started in 2007.

1. Wright Center on Flexible Optical and Electronic Device Manufacturing Facility

In 2003, Kent State University received a Wright Project Award to develop a Flexible Optical and Electronic Device Manufacturing Facility, (# 03-055) and in 2005, a supplement for Ink Jet Printing, (#05-028).  This project and supplement were designed to develop the advanced manufacturing techniques required to produce sophisticated optical and electronic devices on flexible plastic substrates.  They supported Ohio companies developing flexible displays and electrically responsive lenses.  This consortium of Northeast Ohio companies included AlphaMicron, Avery Dennison, Graphix Plastics, Hanna Microdisplays. Kent Displays, LXD and Polydisplays. The consortium took an alternative approach to producing flexible liquid crystal devices.  It utilized liquid crystal effects that do not require polarized light and can be addressed with a passive matrix. Unlike other competing technologies our approach is compatible with commercially available flexible substrates.  

The collaborating companies focused on common problems for development of flexible displays and devices.  With the Wright Project support, the Liquid Crystal Institute provided the common prototyping equipment and support services required to develop flexible displays.  Using these common facilities we explored ways to prepare the flexible substrates by either etching or printing electrodes.  We have been particularly successful at ink-jet printing conducting polymers, such as PEDOT on a variety of flexible substrates. We also developed techniques to coat electro-optic materials and to laminate the counter electrode, singulate the resulting devices and attach the drive circuitry.  As member companies moved to commercialization we developed protocols to test the performance and lifetime of the resulting devices. 

Following this approach local companies have entered the marketplace, and are now installing reel-to-reel production lines for the manufacture of flexible displays and related electro-optic devices.  In this summary we focus on two companies that are taking the lead in the manufacture of flexible liquid crystal devices: AlphaMicron is producing flexible lenses and Kent Displays is producing flexible bistable displays.
AlphaMicron: Switchable Eyewear
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AlphaMicron (AMI) was the first company in the world to commercialize electrically switchable liquid crystal lenses (see figure).  The lens is based on a modified Gharadejedari [219] system initially proposed for display applications. The AMI configuration uses a preferentially rubbed homeotropic alignment layer along with a low birefringence chiral nematic negative host and positive dichroic dye.  It therefore operates without polarized light.

The AMI system enhances the fail-to-clear feature of the Gharadejedari system with its proprietary, high-performance dichroic dyes.   AlphaMicron’s Variable Attenuation Liquid Crystal Device (VALiD) was developed in conjunction with the U.S. Air Force. It was designed to meet pilot requirements for instantaneous, controllable visors in helmet-mounted displays. VALiD uses non-scattering, high contrast guest-host mixtures of dichroic dyes and liquid crystal hosts. This composite is sandwiched between two transparent conductor-coated polycarbonate substrates.  This is the first liquid crystal device made on curved plastic substrates. A proprietary mixture developed by AlphaMicron allows VALiD to produce a 60-15% transmission window.  These curved lenses have successfully entered the market in UVEX Ski Goggles (see figure), and promise to find wider application in motorcycle helmets and sunglasses.  While this first generation of products is made in a batch process they are now moving to reel-to-reel manufacturing.

Kent Displays: Flexible Displays
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Kent Displays is poised to commercialize flexible cholesteric displays produced using continuous reel-to-reel manufacturing.  Their bistable cholesteric technology does not require polarized light and uses simple matrix addressing techniques.  Therefore, they can produce flexible displays using commercially available ITO coated polyester substrates.  

The ChLCD is simply constructed by sandwiching the cholesteric material between two thin plastic sheets with electrodes for applying the voltage  While the first flexible displays will be low resolution and monochrome, (see figure below),  there are no technological barriers to producing high resolution color images. 

[image: image20.emf] 

Most recently Kent Displays researchers have developed encapsulated cholesteric materials that can be coated and addressed on a single substrate.  These encapsulated materials can be easily printed on a variety of substrates, greatly expanding the versatility of their approach.  

Kent Displays produces displays on a single substrate. This is accomplished by printing the polymer conducting counter electrodes on the dried encapsulated cholesteric films using the ink jet printing equipment provided in the supplement to the facility.  The resulting films are utraflexible and conformable. Also because this is a reflective technology the single substrate does not need to be transparent.  This greatly expands the types of substrates to include not only plastics but also paper and textiles, both woven and non-woven.  The structure of the fabric substrate displays is shown on the right.  The fabric substrate is planarized and conducting polymer electrodes are printed on top.  The encapsulated cholesteric is then coated and dried and a counter conducting electrode is printed [220].  Finally, a clear coat is added to protect the film.  The resulting display is ultra-thin and highly flexible.   
[image: image21.emf] 

UVEX’s  Ski Goggle with  AlphaMicron, Inc.  liquid crystal  l ens technology.  

As a result of the success in of the Flexible Optical and Electronic Device Manufacturing Facility, Kent Displays secured a Wright Research Commercialization Program grant for the “Flexible Liquid Crystal Film Manufacturing Alliance” in 2007.  This Alliance includes collaborations with AlphaMicron, Kent State University, Akron Polymer Systems, Sheldahl, and the University of Akron.  With $8M in support from the state this Alliance will support the development of two roll-to-roll processing lines of liquid crystal films, one for flexible displays such as credit cards, wrist watches, and ID tags, and a separate line for eyewear.  
2. Wright Center of Innovation Center for Multifunctional Polymer Nanomaterials and Devices  (CMPND)
At Kent State, the state support is used also for the enhancement of our instrumentation infrastructure. KSU participates in The Center for Multifunctional Polymer Nanomaterials and Devices (CMPND / pronounced compound), a broad-based research, business and outreach program, centered at The Ohio State University with collaborators at the University of Akron, University of Dayton, Kent State University and Wright State University, more than 50 large and small companies in Ohio, the National Composite Center, and a number of polymer organizations and national labs in Ohio. The formation of the first statewide nanotechnology center was made possible by the Third Frontier WCI award by the Ohio Department of Development in 2005. The award included $19.5M for capital funds and $3M for operating funds. The capital funds are being used to purchase new equipment and upgrade facilities for producing tomorrow’s high-value nanoscale materials and devices that require precision, highly controlled manufacturing environments, high speed, and automated quality monitoring capabilities not generally found in today’s industries (other than microelectronics).  
KSU’s share of the grant is $367,000, which was used to purchase elements for the new microscopy system that allows researchers to image soft matter materials such as liquid crystals and polymers in three dimensions (3D) with resolution better than 1 micron. Additional funds needed for the complete set of elements were acquired thanks to W.M. Keck Foundation award for the instrumentation to perform research at the liquid crystal-biological sciences interface. The microscope is based on the Coherent anti-Stokes Raman Scattering (CARS) phenomenon.  The image contains information about position and orientation of specific chemical bonds, such as CH or CN bonds.  The technique requires no chemical modification of the sample; no labels (such as fluorescent dyes) are needed to obtain the image. The microscope operates with low-power beams and the data acquisition time is much shorter than in Raman microscopy.  In CARS microscopy, the sample is excited with laser light at two frequencies, the “pump” and “Stokes”.  Upon excitation, the sample generates light at the “anti-Stokes” frequency, through a four wave mixing process. When the difference frequency between the pump and Stokes is tuned into resonance with a molecular vibration, the anti-Stokes signal is greatly enhanced. This is used as the contrast mechanism for microscopic imaging of pre-selected chemical bonds. Because CARS is a nonlinear process, the signal is only generated from the focal volume which can be scanned in 3D. CARS microscopy thus offers 3D imaging of LCs, polymers and other materials with chemical selectivity using no external labels with submicron resolution at a speed that is orders of magnitude faster than Raman microscopy. CARS imaging has found numerous applications in biology and materials science and has been recently demonstrated by Lavrentovich’s group in collaboration with Prof. S. Xie’s group at Harvard University to produce 3D images of orientational order of chemical bonds in liquid crystals [52].
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3. Commercialization of functional polymide films and nanocomposites

In 2007, the LCI started a collaborative Research and Commercialization Program with Akron Polymer Systems on Commercialization of functional polymide films and nanocomposites. The LCI researchers led by Yang, studied the wavelength dependence of optical retardation of compensation films made from the polymers developed by Akron Polymer Systems. The retarders are of prime importance in modern LCD industry for the quality of imaging.  The desirable optical retardation should be decreased with decreasing wavelength, while the optical retardation of regular compensations film increases with decreasing wavelength, following Cauchy law.  Yang discovered that compensation films with desirable wavelength dependence of optical retardation can be made from two regular compensation films with optical retardations of opposite signs.  He evaluated the effects of the compensation films with the desirable wavelength dependence in LCDs, and found that they can improve the viewing angle and contrast of LCDs.
The research on liquid crystals and other advanced materials that we conduct with the help of TFP and with support from other funding agencies, has a feature that is often overlooked: It has a serious impact on energy and the environment, because of the reduced power requirements associated with liquid crystal displays. This energy savings can be seen through the following rough estimate, which is provided by Dr. B. Ocko of Brookhaven National Laboratory. Assume that there are 200 million displays in the United States and each one is on for 8 hours per day. Moreover, assume that the power savings associated with changing from traditional CRT displays to liquid-crystal displays is about 30 watts per display. In that case, the nation’s total power savings in going from CRTs to liquid-crystal displays is about 2 gigawatts. This is equivalent to building two 1-gigawatt nuclear power plants. The number is even larger when one considers the international scale. Clearly this is a substantial energy savings associated with just this one application of liquid-crystal technology.
The teams working on the prior and existing TFP grants have met the deliverables, milestones and outcomes expected. The next section demonstrates that RC-SAM is closely related to prior TFP investments, supplementing the State support to our industrial collaborators with a direct support of the academic centers at KSU and CWRU.
Linkage to Prior TFP Investments

1. Wright Center on Flexible Optical and Electronic Device Manufacturing Facility

As already indicated above, because of the success of the Flexible Optical and Electronic Device Manufacturing Facility, a program supported by TFP at Kent State University, our collaborators at Kent Displays, Inc. secured a Wright Research Commercialization Program grant for the “Flexible Liquid Crystal Film Manufacturing Alliance,” in collaboration with AlphaMicron, Kent State University, Akron Polymer Systems, Sheldahl, and the University of Akron.  With $8M in support from the state this Alliance will support the development of two roll-to-roll processing lines of liquid crystal films, one for flexible displays such as credit cards, wrist watches, and ID tags, and a separate line for eyewear.  

Our collaboration continues with the establishment of FLEXMatters. FLEXMatters joins Ohio universities, companies and development agencies to develop and grow the manufacturing infrastructure for the reel-to-reel production of flexible displays.  We are starting out small and simple, serving niche markets including switchable eyewear and rugged displays for credit cards and similar applications.  By addressing these early markets we will develop the infrastructure required to support and grow this emerging industry.  We plan to develop our manufacturing expertise and refine our production processes so we can produce more sophisticated products which are destined to define the next generation of flat panel displays.  Kent State University has established the FLEXMatters Accelerator as the lead tenant in the University’s Centennial Research Park.
The concrete examples of linkage of the RC-SAM to the Wright Research Commercialization Program grant for the “Flexible Liquid Crystal Film Manufacturing Alliance” are provided by the research projects involving our commercial partners such as AMI and KDI. In all these projects, the study of surface and interfacial properties is of prime importance for the successful development of commercial globally-competitive products. Adding the much needed expertise in the surface science through Research Scholars at KSU and CWRU, investing into the unique instrumentation such as TEM would definitely benefit the on-going activities of Alliance.

2. Wright Center of Innovation Center for Multifunctional Polymer Nanomaterials and Devices  (CMPND)
The coherent anti-Stokes Raman scattering (CARS) microscopy at the LCI is of prime importance to the proposed study of surface phenomena and properties of advanced materials.  CARS allows one to explore in an non-invasive way the orientation of pre-selected chemical bonds in the organic material such as a liquid crystal or a polymer.  The imaging is truly three-dimensional, as imaging involves multiphoton processes.  The CARS microscopy is relatively new technique (although the CARS phenomenon itself has been known for decades) but it is already clear that it will revolutionize the studies of materials.  The advantage of CARS is in its non-invasive character (no fluorescent labels and no high-power laser irradiation are needed).  We will use CARS to study how various LCs align at surfaces and interfaces (separating the possible differences in orientation of different chemical groups), and to explore the composition of biological membranes and structures of lyotropic chromonic liquid crystals used as an amplifying medium in biosensing devices.

The figure below illustrates the ability of CARS to resolve the orientation of separate chemical bonds in an orientationally ordered film of a liquid crystal [52].  The studied molecules have a rod-like shape, with two benzene rings in the center and a cyano group CN at the end.  CARS can be “tuned” into the vibration frequency of either one of the groups, imaging its orientation (the orientation of aryl stretch for the two benzene rings).  The top row contains the maps of CARS signal intensity when the instrument is tuned into the aryl stretch frequency.  For each particular polarization of the probing and pump beams (the two are parallel in this particular experiment), the intensity of the CARS signal is maximum when the molecular vibration is parallel to the polarization direction.  When the latter rotates, the intensity map changes, as illustrated by the top row (the white arrow labels the polarization direction).  As the result, one can reconstruct the entire director (orientational) field of the thin LC film (bottom left part of the figure).  The same procedure can be repeated for the frequency of CN group (bottom part “f” of the figure). Note the chemical selectivity of the CARS imaging: If the frequency is shifted from the characteristic frequency of the molecular vibration, the contrast disappears, as illustrated in part “g” in which the image is taken at 1624 cm-1 instead of the needed 1600 cm-1.  Finally, note that ability of CARS microscope to resolve three-dimensional features: the bottom part on the right hand side illustrate an optical slice of the sample by a vertical plane. 

The ability of CARS to characterize organic materials with orientational order is truly unique, and our CARS microscope will greatly contribute to the overall success of RC-SAM.


[image: image1]
3. Commercialization of functional polymide films and nanocomposites
The recently started project on commercialization of functional polymide films and nanocomposites will also add an important dimension to the proposed RC-SAM.  Polymers used to make compensation films are either rigid or semi-rigid in order to produce the required birefringence.  The compensation films are fabricated by casting the polymer solutions on substrates.  The orientational order and thus the birefringence depend on not only the bulk properties of the polymers but also the surface properties of the substrates.  In order to compensate liquid crystal with spatially varying orientation, the compensation film also must have an appropriate spatially varying orientation, which is only achievable with two different surface conditions for the compensation film.  Therefore, good understanding of the interaction between the polymer and the substrate is crucial to develop compensation films. Prof. Yang has established the following research plan for these activities:
1)   Modeling optical film compensated liquid crystal displays

We will use computers to simulate the performance of liquid crystal displays with optical films developed by Akron Polymer Systems.  In the simulation, we will use the optical parameters obtained from the measurement to investigate the performance of the films in variety of liquid crystal displays such as Twisted Nematic (TN) display, Vertical Aligned Mode (VAM) display and Optical Compensated Bend (OCB) display.  The results will help Akron Polymer Systems to sell its films to liquid crystal display manufacturers.  The results will also help Akron Polymer Systems to improve its products.  
2)   Fabricating prototype liquid crystal displays

We will use the optical films developed by Akron Polymer Systems to fabricate prototype liquid crystal displays in our prototyping facility.  The prototyping has two purposes.  First, the developed liquid crystal displays can attract industrial attention and thus promote the optical films.  Second, it can serve as the final stage of the project to tune the optical films.  Quantitatively, the viewing angle of the displays will be characterized by a computer controlled 3-axis goniometer.
3)   Compensation film from lyotropic liquid crystals. 
The chromonic materials are attractive for many applications as they preserve the orientational order when left to dry.  A dry film of a chromonic LC can thus be used as a polarizer (if the oriented molecules absorb light in the visible part of the spectrum) or as an optical compensator, when the material is transparent.  The problem is that during shear-alignment of these materials, they develop defects in form of periodic director distortions.  The physical mechanisms of the effect are not known but we have found an empirical evidence that the stripes can be suppressed by additives and by a proper selection of the substrates for alignment, as shown in the figure below.  RC-SAM will allow us to understand better the mechanisms of surface alignment of chromonic LCs and thus would be very beneficial to the current project. 
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Textures of a dry film of lyotropic chromonic LC demonstrating a stripe pattern of director distortions (left); the stripes are reduced by doping the liquid crystal with a block-copolymer and using shear-aligning technique (right).
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Commercialization Experience

U.S. Patents  6,924,870; 6,583,838; 6,278,429; 6,141,074; 6,133,975; 5,825,448; 5,831,700; 5,714,970; 5,766,694; 5,748,277; 5,638,201; 5,606,442; 5,550,662; 5,410,422; 5,387,920; 5,187,603; 5,015,057; 4,979,235; 4,900,132; 4,870,398; 4,719,507;  4,652,087;  4,635,051;  4,582,396;  4,566,758.

Honors and Recognitions (last 5 years)

2006
       General Chair,  26th International Display Research Conference; Kent , Ohio

2006
       Member, Scientific Committee, 21st International Liquid Crystal Conference, Keystone CO

1993-2006   Member program committee for the Society for Information Display annual conference


       and session chairman

2002            Member Scientific Committee,  19th International Liquid Crystal Conference, Edinburgh 

2000
       General Chair: 20th International Display Research Conference, Palm Beach Florida  

1999-2005   Overseas Advisor,  6- 12th  International Display Workshops, Japan 

Visiting Scientists/Collaborators outside KSU

Janez Pirs (Inst. of Joseph Stephan, Slovenia), H. Wilderbeek (Eindhoven University of Technology), D.L.Seekola (University of Pretoria), 
Prof. H. Okada (Toyama Univ), Prof.  T. Nose (Akita Univ),  N-D Kim (Samsung), Hiroyuki Mori (Fugi-Film),  Jianmin Chen (Samsung),  J.J. Lyu (Samsung), Byung-Seob Ban (Samsung), Andriy Nych (Ukraine Institute of Physics)




Graduate Students Advised

PhD students: Chad Hoke (1999, Hewlett Packard Laboratories);  Asad Kahn (1995,  Kent Display Systems), Jim Anderson    (2002, Hana Microdisplays Inc.), Philip Watson ( 2000, 3M Optical Devices Div), Hiroyuki  Mori (1999,  Fuji Photo Film),Chuck Titus ( 2000, independent consultant),  Mike Alimov  (1999, S-Vision), Shuxin Li
 (1999, Densitron), Salman Saeed (2002, 3-5 Systems), Bin Wang (2001, Agilent), Erica Bramley (2003, Kodak), Chenhui Wang, (2003, ChemImage), Jianru Shi (2005 Post – Doc ), Xinghua Wang (2005 ChemImage), Yanli Zhang (2005 Intel), Cheng Chen (2004, Apple Computer), Yong-Kyu Jang (2008, Samsung).  Currently support three graduate students on research grants. 

Liang-Chy Chien

E-mail: lcchien@lci.kent.edu
Educational Attainment

 Ph.D.
University of Southern Mississippi, Ph.D. in Polymer Chemistry,


1983-1988   

 Postdoctoral Fellow
Liquid Crystal Institute, Kent State Univ., Kent, Ohio

1988-1989

Relevant Work History

Graduate Coordinator
Chemical Physic, Kent State Univ., Kent, Ohio


2003-present

Visiting Professor
Philips Research Laboratories, Eindhoven, NL


Spring 2003

Professor

CPIP, Kent State Univ., Kent, Ohio



2000-present

Associate Professor
CPIP, Kent State Univ., Kent, Ohio



1995-2000

Senior Research Fellow 
Liquid Crystal Institute, Kent State Univ., Kent, Ohio
1989-1995

Selected Recent Publications that relate directly to subject matter

1. S.-Y. L:u, L.-C. Chien, “A polymer-stabilized single layer color cholesteric liquid crystal display with anisotropic reflection,” Appl. Phys. Lett. 91, 131119-131119-3 (2007).

2. S.-W. Kang, L.-C. Chien, “Field-induced and polymer-stabilized two-dimensional cholesteric liquid crystal gratings.” Appl. Phys. Lett. 90, 21110-221110-3 (2007).

3. S. Abeygunaratne,  L-C. Chien, V. Vill, ”Tilted supramolecular structures of amphiphilic glycolipids in straight-core smectic C liquid crystals,” Liq. Cryst., 34, 441-445 (2007).

4. S. Gauza,Y. Zhao, T. Le Cor, S.-T. Wu, J. Dziaduszek, G. Sadnouski, R. Dabrowski, L.-C. Chien, “Enhancing birefringence by doping fluorinated phenyltolanes.” J. Displ. Tech.,  2, 327-332 (2006).

5. S.-W. Woong, S. Sprunt, L.-C. Chen, “Polymer-Stabilized Cholesteric Diffraction Gratings: Effects of UV Wavelength on Polymer Morphology and Electrooptic Properties,” Chem. Mater. 18, 4436-4441 (2006).

6. “Patterning a Poly(3,4-ethylenedioxythiophene) Thin Film Using a Liquid Crystalline Network,” O. Catanescu, L.C. Chien, Adv. Mater. 17,305 – 309 (2005).

7. D.A. Coleman, L.-C. Chien, and N.A. Clark, et al., ”Polarization-modulated smectic liquid crystal phases,” Science 301, 1204-1211 (2003).

8. C.Y. Li, S.Z.D. Cheng, F. W. Harris, L.-C. Chien and B. Lotz, “Left or Right, It is a Matter of One Methylene Unit,” J. Am. Chem. Soc., 123, 2462 (2001).

9. T.H. Tong, L.C. Chien, “Photoluminescent properties of poly(p-phenylene vinylene thiophene-co-siloxane)” J. Polym. Sci. Polym. Chem., 14450-1456 (2000).

10. S. Blumstengel, I. Skokolik, R. Dorsinville, D. Voloschenko, M. He, O. Lavrentovich, L.C. Chien, “Photo-, and electroluminescence studies of 2,5-bis[2’-(4”-(6-hexoxy benzyl))-1’-ethenyl ]-3,4-dibutyl thiophenes,” Synthetic Metals, 99, 85 (1999)

Project Management Experience

1. Current Extramural Funding 

Samsung Electronic Co., development of full color reflective displays & Samsung Research Scholarship
2. Management of other major projects in the past:  

Project director of Foveat, Wide Field-of-View Imaging Sensors for Missle Warning and Tracking Systems funded under ARMY-Bio-optical Synthetic Systems Program, Steered Agile Beam Devices funded by DARPA under Raytheon subcontract, Polymer-Stabilized Ferroelectric Liquid Crystal Devices for Optical Beam Steering funded by AFOSR under Boulder Nonlinear System Subcontract, Liquid Crystals and Devices for Agiled Beam Steering under DARPA/Hughes subcontract, Electrically Switchable Polymer-Stabilized Diffraction Gratings from Cholesteric Liquid Crystals funded by Office of Naval Research, and Conductive Liquid Crystalline Elastomers for Aircraft Wing Structures funded by AFOSR.

Technical Experience

He is the world-leading expert in the field of hybrid materials for optical applications, namely, in polymer-liquid crystal composites with more than 200 peer-reviewed publications, edited a book and seven conference proceedings, and 17 issued patents. As a co-inventor of several optical compensation films for wide viewing angle LCDs, polymer-stabilzed liquid crystal technologies for electro-optical and optical applications such as reflective cholesteric displays, spatial light modulators and switchable optical elements, the groundbreaking research helped to establish the modern state of polymer-dispersed liquid crystals and polymer-stabilized liquid crystals. He is currently designing new approaches to fabricate liquid crystals with record-setting optical and dielectric anisotropy. His other area of accomplishment is the development of flexible liquid crystal displays.”

Commercialization Experience 

Inventor in the field of liquid crystal composites, liquid crystal displays, liquid crystal alignment methods, optical compensation films and spatial light modulators. Licensed several issued liquid crystal display patents to domestic and foreign companies. Consulted industrial companies in the field of liquid crystal technologies. Worked on research and development projects in collaboration with Rockwell International-Science Center, Hughes Research Laboratories, Digit Lens, Holochips, Dipix – A Xerox Company, Optical Image Science, Inc., Wintek, Inc., Viztec, Inc., Kent Display, Inc., Kodak, Samsung Electronic Corp., Tosoh, Inc., SamYang Corporation, SK Corporation.

Honors and Recognitions (last 5 years)

1. Fellow, The International Society for Optical Engineering, 2008-present. 

2.
Associate Editor, IEEE Journal of Display Technology, 2004-present

3.
Symposium Chair, “Emerging Liquid Crystal Technologies III,” Photonic West 2007, January 2007, San Jose, CA

4.
Symposium Chair, “Emerging Liquid Crystal Technologies II,” Photonic West 2006, January 2006, San Jose, CA.

5.
Conference Chair, “Displays” and Symposium Chair of “Liquid Crystal Materials, Device and Applications XII” Photonic West 2006, January 2006, San Jose, CA.

6.
Symposium Chair, “Emerging Liquid Crystal Technologies I,” Photonic West 2005, January 2005, San Jose, CA.

7.
Symposium Chair, “Nano-Sstructured Liquid Crystal/Polymeric Materials and Applications,” ACS Polymeric Materials Science and Engineering 2003 Fall Symposium, New York, NY.

8.
Symposium Chair, “Liquid Crystal Materials, Devices and Applications VII, VIII, IX & X,” Electronic Imaging 2001-2004, Santa Clara, CA.

9.
Conference Organizer, “Liquid Crystal Gels for Artificial Muscles,” 1st World Congress on Biomimetics and Artificial Muscles, December, 2002, Albuquerque, NM

10. Symposium Chair, “Liquid Crystal Materials and Devices,” Materials Research Society Spring 1999, San Francisco, CA.

Awards to graduate students advised over the last 3 years 

 SPIE Newport Spectra-Physics Excellence Research Award to Sang Hwa Kim (2004)

 Samsung Scholarships to Shin-Ying Lu (2007)

 SPIE Newport Spectra-Physics Excellence Research Award to Shin-Ying Lu (2007)

Collaborators outside KSU

Prof. Y.G. Fuh (NCKU, Taiwan), Dr. O. Yaroschuk (Ukraine Acad. Of  Sci.) Prof. C.K.Lee (NKJU, South Korea), Dr. Y.A. Sha (ERSO/ITRI, Taiwan), Prof. L. Komitov (Gotherberg U., Sweeden), D. Broer (Philips, Netherland), M.H. Lee (NCBU, South Korea).

Graduate Students Advised

24 Post Doctoral Fellows: Cui-Lien. Lin, Ibrahim G. Shenouda, V. Surendrath, Nathlie Leroux, Uwe Müller, Marie-Flore Nabor, Frederic Vicentini, Mianquian He, Christine M. Hudson, Yuhui Lin, Tat-Hong Tong, Soonnam Lee, Milind Sonpatki, Shaungxi Wang, Jong-Beom Baek, Peihwui. Chu, S. Suresh, Soon Nam Lee, Otilia Catanescu, Andrii Golovin, Ki-Nam Chung, Jong-Chan Won, Jeoung-Yong Huang

5 Professional Staff: Carla M. Citano, William C. Jones, Mary N. Boyden, Julie Cho, Neal D’Sidoky, Sandi Campbell, Julie Kim 

4 Ph.D. and 2 M.S. Students: Leonorina. G. Cada, Bai Feng, Jaehyuck Choi, Keshav Suresh Gavtam, Shin-Woong Kang, Sang Hwa Kim

Current graduate students: Dong Wang, Clinton Brazganza, Shin-Ying Lu, Lu Lu

Undergraduate Honor Thesis Advisees: Andrew Walz, Sandi Campbell, Lauren Borkowski, Brian Macauley

 J. William Doane

bdoane@kentdisplays.com
http://www.kentdisplays.com
Educational Attainment

1965, Ph.D. (Physics), University of Missouri

Relevant Work History

Kent State University:


1965‑1969
Assistant Professor, Department of Physics


1969‑1974
Associate Professor, Department of Physics


1974‑1996
Professor, Department of Physics


1979‑1983
Associate Director, Liquid Crystal Institute,


1983‑1996
Director, Liquid Crystal Institute,


1991‑1996
Director, NSF Center for Advanced Liquid Crystalline Optical




Materials (ALCOM)


1996‑pres.
Professor Emeritus, Department of Physics and Chemical Physics


1996‑pres.
Director Emeritus, Liquid Crystal Institute

Kent Displays, Inc.


1993-pres.
Director (Co-Founder with Manning Ventures)


1996-pres.
Chief Technology Officer (Part Time as of 2000)

Selected Recent Publications that relate directly to subject matter

(Total of 250+ publications)

1. “Cholesteric Liquid Crystals for Flexible Displays” in Flexible Flat Panel Displays, Ed. G. Crawford, (John Wiley & Sons, 2005)  J. W. Doane and A. Khan, Chapter 17.

2. “Single Substrate Encapsulated Cholesteric LCDs: Coatable, Drapable and Foldable” SID Digest of Papers, 36, (2005) I. Shiyanovskaya, A. Khan, S Green, G Magyar, O. Pishnyak, D. Marhefka,  and J.W. Doane
Project Management Experience

1. Current Extramural Funding:  NSF STTR Contract Phase II $500,000

2. Management of other major projects in the past:: Managed over $40 million in grant and contract research as Director of the Liquid Crystal Institute.

Technical Experience

Chief Technical Officer of Kent Displays, Inc. since 1996

Commercialization Experience 

 Founded Kent Displays Inc. in 1993.  This manufacturing company now employs 45 personnel 

Honors and Recognitions 

2007

Society for Information Displays  Slottow-Owaki Prize for Display Education

2000

Fellow Society for Information Displays


1998

Society for Information Displays Jan Rajchman Prize 

1996

Distinguished Corporate Inventor Award




American Society of Patent Holders


1990

Arthur K. Doolittle Award




Division of Polymeric Materials Science & Engineering




American Chemical Society


1989

President's Medal for Outstanding Service




Kent State University


1987

Commencement Speaker




Kent State University


1982

Fellow of the American Physical Society

Awards to graduate students advised over the last 3 years 

Unknown

Collaborators outside KSU

Kent Displays, Inc.

Graduate Students Advised

Ph.D. Dissertations Directed:

J. Visintainer, R.A. Wise, 1973; J.A. Murphy, 1974; P. Ukleja, 1976; P.J. Bos, 1978; N.A. Vaz, 1980; M.J. Vaz, 1981; A.N. Shetty, Z. Yaniv, 1982; L.M. Strenk, 1984; B.‑G. Wu, 1986; J. Figueirinhas, A. Golemme, 1987; N. Phonphok, 1988; J.B. Whitehead, Jr., 1989; J.H. Erdmann, Z. Domingo, 1990; G.P. Crawford, 1991; R. Ondris‑Crawford, 1993; Y.K. Fung, 1994; W.J. Fritz, Z.J. Lu, 1995; X.-Y. Huang, 1996; A. Khan, 2003.

Masters Theses Directed:

R. Fusaro, 1967; N. Bravo, 1968;R. Manor, 1969; A. Olah, 1976; Evan Boyko, 1989; Sun Ying, 1994.

Postdoctoral Fellows & Visiting Scientists:

Dr. Duane Smith, 1972; Dr. Robert Parker, 1974; Dr. Janez Pirs, 1976‑78; Dr. Paul Ukleja, 1977‑78; Dr. Phil Bos, 1978‑79; Dr. D. Photinos, 1978; Dr. S. Wrobel, 1979; Dr. N. Vaz, 1980‑81; Dr. G. Chidichimo, 1981‑82; Dr. A. Shetty, 1982; Dr. N. Vaz, Dr. M. Vaz, 1983; Dr. S. Zumer, 1984‑86; Dr. B.‑G. Wu, 1986‑87; Dr. Joao Figueirinhas, 1987‑88; Dr. Paul Ukleja, 1987‑88; Dr. C.W. Burkhart, 1987‑89; Dr. J.W. McCargar, Dr. Deng‑ke Yang, 1989‑1991; Dr. Gregory P. Crawford, 1991‑1993; Dr. A. Scharkowski, Dr. S. Zumer, 1992‑1993; Dr. Matthias M.P. Pfeiffer, Dr. W. Doyle St. John, 1993‑1995; Dr. Bahman Taheri, 1995.

Mark J. Druckenbrod

mdrux@roadrunner.com

216-650-2128

Educational Attainment

· Case Western Reserve University, Master of Nonprofit Organizations, January 1993; 

· Ohio State University, B.S. in Agriculture, Major in Horticulture, March 1984; 

Member of Pi Alpha Xi and Gamma Sigma Delta honoraries;

Recipient of O.S.U. Research Scholarship, Pi Alpha Xi achievement award and best technical paper presentation award;

· Gilmour Academy, 1979.

Relevant Work History

Certified Erosion Control (2005-2007)

· General Manager
Current responsibilities

· Oversee the growth and development of a fledgling storm water and erosion control business.

· Educate local and national businesses on how to combat soil erosion and protect wetlands and US waterways.

· Manage business and financial records of CEC.

Cleveland Botanical Garden (1984-2005)

Positions held

· Director of Research and Conservation (2004-2005)

· Director of Horticulture (1998-2003)

· Deputy Director (1995-1997)

· Assistant Director (1990–1994)

· Horticulturist (1987-1990)

· Assistant Horticulturist (1984-1986)

Responsibilities

· Lead the development and implementation of Research and Conservation.

· Leadership role in the development of the Eleanor Armstrong Smith Glasshouse.

· Manage CBG’s plant curation, collection policy and philosophy, and oversee the use and development of the horticulture collections as appropriate to ornamental horticulture, research and conservation goals.

· Oversee production of research and conservation publications and review other Garden publications for content and accuracy.

· Manage Horticulture staff, interns and volunteers. 

· Develop classes, programs, seasonal shows, special projects and other activities that help to further the educational goals of CBG.

· Develop professional relationships with the local green industry and both national and international colleagues and institutions.

· Oversee the physical care and maintenance of the horticulture collections.

Accomplishments, 1998 – 2005

· Develop landscape plan and oversee installation of plant collections in the Smith Glasshouse.

· Conduct field investigations in Costa Rica and Madagascar to secure design criteria and identify plant collections for the construction of the Eleanor Armstrong Smith Glasshouse.

· Coordinate the transition and renovation of 10 acres of gardens, collections and physical structure during the Garden’s 45 million dollar campaign.

· Direct the development of Garden’s horticultural collections, including the design and installation of the Hershey Children’s Garden, Gateway Garden, Topiary Garden, and Restorative Garden.

· Initiate development of the Research and Conservation Department.

University of Florida, Gainesville (1991-present)

· Research Associate, Division of Lepidoptera Research and the McGuire Center of Lepidoptera Research. 
Current Responsibilities

I have conducted Field work in Papua New Guinea, Brazil, Taiwan, Cameroon, Ecuador, French Guiana, Bolivia, Peru and Malaysia. The research involves the exact identification and documentation of butterfly species using DNA chromosome testing. To date, over 4,000 species of butterflies have been documented. Specific contributions include botanical expertise, interpretation of ecological phenomena and advise regarding insect/plant relationships.
Selected Recent Publications that relate directly to subject matter

· Public Garden, Journal of the American Association of Botanical Gardens and Arboreta

· The Plain Dealer

· The Garden Center and Cleveland Botanical Garden Bulletin

· American Journal of Botany

· Journal of the Ohio State African Violet Society

· The O.S.U. Agricultural Research and Development Center Circular

Selected Presentations

· “Orchid Growing 101”, “Orchid Doctor”, “Preparing Orchids for Shows”, Orchid Show, Cleveland Botanical Garden, 2004-2006.
· “Evolution of Orchids”, Keynote Address, The Holden Arboretum, Kirtland, Ohio, 2004.

· “Trees Around the world”, Ohio Chapter, International Society of Arboriculture, Columbus, Ohio, 2002.

· “Moving Large Trees”, Ohio Chapter, International Society of Arboriculture, Columbus, OH, 2002.

· “Organizational Theory”, Case Western Reserve University master’s level course, Cleveland, Ohio 2002.

· “Quarantine Procedures of Imported Tropical Plants”, Native Plant Society and Sierra Club, Avon, Ohio, 2002.

· 1984-present: Over 165 lectures, demonstrations and classes through the Cleveland Botanical Garden’s Education Department and via invitations from plant societies and affiliated organizations.

Project Management Experience

· See Certified Erosion Control and Cleveland Botanical Garden experience above

Technical Experience

· 24 years hands-on experience in the field of Horticulture.  

· Widely recognized expert on plant growth and care for temperate and tropical species

· Experience field researcher with the University of Florida
Antal I. Jákli

jakli@lci.kent.edu
http://www.lci.kent.edu/PI/Jakli/index.htm
Educational Attainment

Lóránd Eötvös University (Budapest)

Physics
M.A.Sc.
1983

Lóránd Eötvös University (Budapest)

Physics
Ph.D.  

1986

Institute for Solid State Physics, (Budapest)
 
Physics 
Habilitation
1992
Hungarian Academy of Sciences (Budapest)
 
Physics 
D.Sc.

2000
 

Relevant Work History

 2007 – present
Associate Professor with (tenure), Chemical Physics, Kent State University, USA

2004 ‑ 2007
Assistant Professor, Chemical Physics, Kent State University, USA

1999 - 2004
Senior Research Fellow, Liquid Crystal Institute, Kent State University

1995 - 1999 
Senior Research Fellow, Research Institute for Solid State Physics, Budapest, Hungary

1993 ‑ 1995
Senior Research Fellow, Max Planck Research Group, Halle/S, Germany

1993 – 1995
Senior Research Fellow, Research Institute for Solid State Physics, Budapest, Hungary 


1989 ‑ 1992 
Research Associate, Liquid Crystal Institute, Kent State University, USA

1986 - 1989
   Research Associate, Research Institute for Solid State Physics, Budapest, Hungary

Selected Recent Publications that relate directly to subject matter

1. A. Jákli, A. Saupe, One and Two Dimensional Fluids – Physical Properties of Smectic Lamellar and Columnar Liquid Crystals, Taylor and Francis publishers, June 1, 2006,  ISBN 0 7503 0969 5
2. A. Jákli, C. Bailey, J. Harden, “Physical properties of banana liquid crystals”, Chapter 2, in Thermotropic liquid crystals: Recent Advances, A. Ramamoorthy, editor, Springer Publishers, (2007)

3. C. Bailey, A. Jákli, “The role of molecular shape on bent-core smectic structure”, Phys. Rev. Lett. 99, 207801 (2007)

4. J. Harden, B. Mbanga, N. Éber, K. Fodor-Csorba, S. Sprunt, J.T. Gleeson, A. Jákli, “Giant flexoelectricity of bent-core nematic liquid crystals”, Physical Review Letters, 97, 157802 (2006)
5. J. Wang, L. Zou, A. Jákli, W. Weissflog, E. K. Mann, “Anisotropy in Langmuir layers of a bent-core liquid crystal”, Langmuir 22, 3198-3206 (2006)
6. G. Liao, I. I. Smalyukh, J. R. Kelly, O.D. Lavrentovich, A. Jákli, “Electro-rotation of colloidal particles in liquid crystals”, Physical Review E. 72, 031704  (2005)
7. A. Jákli, Y.M. Huang, K. Fodor-Csorba, A. Vajda, G. Galli, S. Diele, G. Pelzl, “Reversible switching between optically isotropic and birefringent states in a bent-core liquid crystal”, Advanced Materials 15, (19)  1606-1610 (2003)
8. A. Jákli, D. Krüerke, G.G. Nair, “Liquid crystal fibers of bent-core molecules”, Phys. Rev. E 67, 051702 (2003)
9. A. Jákli, G G. Nair, S. Abeygunarartna, R.P. Sun, C.K. Lee, L-C. Chien, “Surface effects on liquid crystals of bent-shape molecules”, Ferroelectrics 276, 135-146 (2002)

10. A. Jákli, D. Krüerke, H. Sawade, G. Heppke, “Evidence for triclinic symmetry in smectic liquid crystals of bent-shape molecules”, Phys. Rev. Lett. 86, (25), 5715-5718 (2001)

Project Management Experience

Current Extramural Funding: DMR 0606160 / 442118 / B-8208 “Fluid Phases of Bent-Core Molecules - Novel Physics and Applications” (Co-PI, $536,137), NSF-DMS-0456221 / 442191 /B-7721  “Collaborative Research:  FRG:  Ferroelectric Phenomena in Soft Matter Systems”, (PI, $345,078); ONR B-8541 “Energy Conversion Based On Giant Flexoelectric Effect In Bent-Core Nematic Liquid Crystals”, (Co-PI, $122,262); NSF-OISE-0727185 “Collaborative Research in Europe on Liquid Crystals (CRELIC-IRES)” (PI, $92,000)

Management of other major projects in the past:   European INCO Copernicus Grant No. ERBIC15CT960744 (1997-2000); Volkswagen Stiftung  with Iwan Stransky Institute; Hungarian National Research Grants: OTKA T 07443, T 23102 K-61075 
Technical Experience

25 years of experience in the field of ferroelectricity, piezoelectricity, and electro-optics of liquid crystals and soft matter. More than 120 publications in international  peer reviewed journals; Published a textbook  (with A. Saupe) “One and Two Dimensional Fluids – Physical Properties of Smectic Lamellar and Columnar Liquid Crystals”( Taylor and Francis, 2006); Co-founder and co-editor of electronic document server: Electronic Liquid Crystal Communications (e-lc.org)Panel Reviewer for European Research Council, NSF, CRDF, Petroleum Research Fund ; Participant of the NSF-REU Site 2001-2007; Chair of Ferroelectric Phenomena in Soft Matter (2007);  Instructor and co-author of the lab notes “Basic Physical Laboratory Practices for 1st and 2nd grade physics students at the Department of Experimental Physics of the Technical University in Budapest. Developed and taught 2 new graduate courses at the Cheical physics interdisciplinary Program, 

Commercialization Experience: US patents: 5,315,419, 5,368,770, 6,924,009, 7,279,570,  Consulted an industrial Company in the field of liquid crystals; Worked on research and development projects in collaboration with Co-Adna Photonics, Inc, Samsung Electromechanics, Samsung Electronics, COMEX-CIP. 

Honors and Recognitions (last 5 years)

2007: Tenure at Kent State University; Chair of Liquid crystal-Day

2003:  Scientific Advisory Committee of Ferroelectric Liquid crystals

Awards to graduate students advised over the last 3 years 

Chris Bailey: University Fellowship, Samung Scholarhip (2006)

John Harden: university Fellowship (2007)

Collaborators outside KSU:

1. Centre for Liquid Crystal Research, Bangalore, India: G.G. Nair, B.K. Sadashiva, and C. Yelamaggad

2. Institute of Physics, University São Paulo, Brazil: A.M. Figueiredo Neto.

3. Iwan Stranski Institute, Technical University, Berlin, Germany : G. Heppke, H. Sawade, and D. Krüerke, 

4. Physical Chemistry, Martin Luther University, Halle, Germany: G. Pelzl and W. Weissflog, 

5. Research Institute for Solid State Physics and Optics, Budapest, Hungary: N. Éber, K. Fodor-Csorba, I. Jánossy, and A. Vajda, 

6. University of Pisa, Italy: C. Veracini and G. Galli

7. University of Malaya, Malaysia: R. Hashim

Graduate Students Advised

A. Király - Eötvös University, Budapest, Hungary (1996); M. Markscheffel, T. Scharf  - (University of Halle, Germany) (1995); S. Yu – Korea University, Korea (2007); S. Stojadinovich (2005),  M. Majumba (2005-present) – Department of Physics, Kent State University; M.Y.M. Huang (2003), G. Liao (2005), J. Harden (2005-present), C. Bailey (2005-present), T. Palermo (2007) – Chemical Physics Interdisciplinary Program, Kent State University

Mietek Jaroniec

jaroniec@kent.edu

http://dept.kent.edu/chemistry/Faculty/Research/jaroniec.htm

Educational Attainment

M. Curie-Sklodowska University, Poland
Chemistry

M.Ss. 


1972

M. Curie-Sklodowska University, Poland
Chemistry

Ph.D. 


1976

M. Curie-Sklodowska University, Poland
Physical Chemistry
Sc.D.


1979

M. Curie-Sklodowska University, Poland
Physical Chemistry
Professor title

1985

Relevant Work History

1991 – present
Professor, Kent State University

1972 - 1991
Chemistry, M. Curie-Sklodowska University, Lublin, Poland; University Professor (1989 - 1991), 
Professor (1985 - 1989), Associate Professor (1980 - 1985), Assistant Professor (1977 - 1980), Research 
Assistant (1972 - 1977)

1997
Japan Society for the Promotion of Science, Chiba University, Japan; visiting senior scientist

1994 Institute of Physical and Theoretical Chemistry, Leipzig University, Germany; visiting professor

1989 - 1990
Departments of Physics and Chemistry, Kent State University; visiting scholar 

1985 - 1986
Institute for Materials Science, McMaster University, Canada; visiting scholar 

1984 Department of Chemistry, Georgetown University, Washington D.C; visiting scholar 

Selected Recent Publications that relate directly to subject matter

1. E.un-Bum Cho, Dukjoon Kim, Mietek Jaroniec, Periodic mesoporous organosilicas with multiple bridging groups and spherical morphology, Langmuir 23, 11844-11849 (2007).

2. Kamil P. Gierszal, Mietek Jaroniec, Chengdu Liang, Sheng Dai, Electron microscopy and nitrogen adsorption studies of film-type carbon replicas with large pore volume synthesized by using colloidal silica and SBA-15 as templates, Carbon 45, 2171-2177 (2007).

3. E.B. Celer, M. Jaroniec, Temperature-programmed microwave-assisted synthesis of SBA-15 ordered mesoporous silica, J. Am. Chem. Soc. 128, 14408-14414 (2006). 
4. K. P. Gierszal, M. Jaroniec, Carbons with extremely large volume of uniform mesopores synthesized by carbonization of phenolic resin film formed on colloidal silica template. J. Am. Chem. Soc. 128, 10026-10027 (2006). 

5. Kamil P. Gierszal, Tae-Wan Kim, Ryong Ryoo, Mietek Jaroniec. Adsorption and structural properties of ordered mesoporous carbons synthesized by using various carbon precursors and ordered siliceous p6mm and Ia3d mesostructures as templates, J. Phys. Chem. B 109, 23263-23268 (2005).

6. T.W. Kim, R. Ryoo, K.P. Gierszal, M. Jaroniec, L.A. Solovyov, Y. Sakamoto, O. Terasaki. Characterization of mesoporous carbons synthesized with SBA-16 silica template. J. Mater. Chem. 15, 1560-1571 (2005).
7. S.B. Yoon, G.S. Chai, S.K. Kang, J.S. Yu, K.P. Gierszal, M. Jaroniec. Graphitized pitch-based carbons with ordered nanopores synthesized by using colloidal crystals as templates. J. Am. Chem. Soc. 127, 4188-4189 (2005). 

8. O. Olkhovyk, M. Jaroniec: Periodic mesoporous organosilica with large heterocyclic bridging groups. J. Am. Chem. Soc. 127, 60-61 (2005).

9. M. Kruk, M. Jaroniec, T.W. Kim, R. Ryoo. Synthesis and characterization of hexagonally ordered carbon nanopipes, Chem. Mater. 15, 2815-2823 (2003).

10. J.R. Matos, M. Kruk, L.P. Mercuri, M. Jaroniec, L. Zhao, T. Kamiyama, O. Terasaki, T.J. Pinnavaia, Y. Liu. Ordered mesoporous silica with large cage-like pores. structural identification and pore connectivity design by controlling the synthesis temperature and time. J. Am. Chem. Soc.  125, 821-829 (2003).

Project Management Experience

1. Current Extramural Funding: 

NSF CTS-0553014 "Periodic Mesoporous Organosilicas with Multifunctional Bridging and Surface Groups for Removal of Heavy Metal Ions" (PI, $200K), NSF SBIR Phase II “Improved Methods to Manufacture Brominated Carbon Adsorbents for Power-Plant Mercury-Emission Control,” subcontract from Sorbent Technologies Inc., Ohio ($40). 
2. Prior NSF Projects Related to Nanomaterials: 

NSF CTS-0086512 “New Functionalized Mesoporous Silicas for Removal of Heavy Metal Ions” (PI, $150K), NSF CHE-0093707 “Modification and characterization of interfacial properties of self-assembled mesoporous silicas” (PI, $270K), NIRT NSF DMR-0304508 “Novel Nanostructured Carbons from Self-Assembled Block Copolymer Precursors: From Synthesis and Characterization to Devices,” subcontract from Carnegie Mellon University ($115K).

Technical Experience

35 years of research in the field of interfacial chemistry and materials chemistry; especially adsorption, chromatography and nanoporous materials. More than 800 publications in peer reviewed journals with international circulation. Published a book “Physical Adsorption on Heterogeneous Solids” with R. Madey (Elsevier, 1988). Co-organizer (vice chair and co-editor of proceedings with A. Sayari) of the 2nd, 3rd, 4th and 5th International Symposium “Nanoporous Materials” in Banff, Canada, May 25-28, 2000; Ottawa, Canada, June 12-15, 2002; Niagara Falls, Canada, June 8-11, 2005, and Vancouver, Canada, May 25-28, 2008. Proceedings of 2nd, 3rd and 4th Symposium have been published in the well-known series “Studies in Surface Science and Catalysis” by Elsevier in 2000, 2002, 2005, respectively; 5th Proceedings will be published by World Sci. Publishers in 2008. Co-Editor with F. Schuth of the special issue “Templated Materials” of Chem. Mater. (ACS, 2008). Guest Editor of the special volume of Journal of Liquid Chromatogr., vol. 19, no.17 & 18, 1996 on "Recent Advances in Synthesis, Characterization, and Applications of Chemically Bonded Phases." Editorial Boards: Chem. Mater. (2008-); Adsorption (1990-prsent) Adsorption Sci. & Technol. 
(2005-present); J. Porous Materials (2000-present), J. Liquid Chromatography (1987-present). 
Honors and Recognitions (last 5 years)

2007
A. Waksmundzki Medal for achievements in Separation Sci., Polish Chem. Soc.

2007
KSU Advisor Excellence Award

2005
Honorary Professor at M. Curie-Sklodowska University, Poland

2002 
KSU Distinguished Scholar Award 

2002
Honorary Member of the Brazilian Thermal Analysis Association 

Awards to graduate students advised over the last 3 years 

R. Grudzien and B. Grabicka (travel award to attend NSF Pan-American Advanced Studies Institute on Sustainability and Green Chemistry, Universidad Iberoamericana-Ciudad de Mexico, May 29 – June 10, 2007); E. Celer (travel award to attend Annual ACS Summer School on Green Chemistry, Pittsburgh 2006); SPIE Scholarship to O. Olkhovyk (2005). 

Collaborators outside KSU

J. Choma (Chemistry Inst., WAT, Poland); D. Kim (Sungkyunkwan Univ., Korea); T. Kowalewski (Carnegie-Mellon Univ.); K. Matyjaszewski (Carnegie-Mellon University); G.A. Ozin (Toronto University, Canada); R. Ryoo (KAIST, Korea); O. Terasaki (Stockholm Univ., Sweden), J.S. Yu (Hannan Univ., Korea).

Jack Kelly

jackk@coadna.com
Educational Attainment

Ph.D., Physics, Clarkson University, 1979.

Relevant Work History


1979-1980
Assistant Professor, Physics, Siena College, Loudonville, NY


1980-1982
Assistant Professor, Physics, Clarkson University, Potsdam, NY


1982-1984
Senior Process Engineer, Intel Corporation, Santa Clara, CA


1984-1987
Senior Staff Engineer, Intel Corporation, Folsom, CA


1987-1988
Senior Staff Engineer, Memtech Technology Corporation, Folsom, CA


1988-1994
Senior Research Fellow, Liquid Crystal Institute, Kent State University

1994-1999 Associate Professor, Chemical Physics, Kent State University

1999- present
Professor, Chemical Physics, Kent State University. On leave of absence at 
CoAdna Photonics since 2001.

Concurrent Appointments:


1993-2000 
Consultant, Crystalloid Electronics, Hudson, OH;




Research and Development of Liquid Crystal Displays


2000-Present
Founder, Vice President and Chief Technical Officer, CoAdna Photonics, 
San Jose, CA, Telecom components using liquid crystals

Selected Recent Publications that relate directly to subject matter

1. “Dynamic Gain Equalization of EDFAs by Dynamic Gain Tilt Control”, J. Kelly, M. Cui, B. Lu, L. Lin, T. Bodenhamer, H. Washburn, and H.J. Yuan, Proceedings of NFOEC2002 (2002).

2. “Applications of Liquid Crystal Technology to Telecom Devices,” Jack Kelly, NFOEC Symposium Digest, 726(2007).

Project Management Experience

1. Director of Research and Development, Intel Magnetics Operation, 1984-1987

2. Coordinator for NSF Center on Advanced Liquid Crystalline Optical Materials (ALCOM) Devices 
and Optical Modeling Project 1994-1999

3. Chief Technical Officer for CoAdna Photonics – Responsible for all R&D efforts

Technical Experience

25 years of  both industrial and academic research and development experience. Over 100 research articles published  in the area of liquid crystals.
Commercialization Experience 

 8 patents issued; one licensed to Nitto Denko for manufacture of polarizers for LC displays. 

Developed the technology for all of CoAdna Photonics commercial devices.

Honors and Recognitions

Intel Individual Achievement Award 1986 

Collaborators outside CoAdna (recent)

Antal Jakli, LCI, KSU: Polarization independent tuneable filters (2001-2002)

Oleg Lavrentovich, LCI, KSU: Electro-optics of LC cells with flow. (2006-2007)

Graduate Students Advised

1. Desmond Seekola,"Dielectric Response of PDLC Films" (May 1992); 

2. Yimin Ji, "Surface Anchoring at a Polymer/Liquid Crystal Interface in the Neighborhood of the Glass 
Transition" (August 1995);  

3. Syed Jamal, "Characterization and Optimization of Twisted Nematic Devices" (May 1996); 

4. Hong Ding, "Dielectric Properties of Confined Liquid Crystals" (August 1996); 

5. Wei Wu, "Light Scattering by PDLCs in the Presence of Electric Fields" (August 1999).

6. Mingji Cui, "Viscosity of nematic liquid crystals" (August 2000).

7. Jennifer Colegrove, "Holographic PDLCs" (August 2000).

8. Weimin Liu, "Development of Wide Viewing Angle Liquid Crystal Displays" (August 2001).

9. C. Titus, “Diffractive Liquid Crystal Devices,” co-advisor with P. Bos (Dec 2002).

10. Shouping Tang “Multidimensional Optics and Dynamics of Liquid Crystals” (August 2007)

11. Hailiang Zhang, “Wavelength Tuning Devices Based on Holographic Polymer Dispersed Liquid 
Crystals “, co-advisor with Gregory Crawford (Brown University) (December 2007)

Oleg D. Lavrentovich

odl@lci.kent.edu
http://www.lci.kent.edu/PI/Lavrentovich.htm
Educational Attainment

Kiev State University, Ukraine, Physics              


M. Sc.

   
1980

Institute of Physics, Acad. of Sci. (Ukraine), Physics and Math
PhD               
   
1984

Institute of Physics, Acad. of Sci. (Ukraine), Physics and Math   
Doctor of Sciences 
1990

Relevant Work History

2004 – present
Director, Liquid Crystal Institute and CPIP, Kent State University (KSU)

2002 – present
Professor, Chemical Physics Interdisciplinary Program (CPIP) , KSU

1994-2000 
Associate Professor, KSU

1992-1994
Senior Research Fellow, LCI, KSU 

1991-1992
Visiting Researcher CNRS, Université Paris-Sud, France

1980-1991
Researcher, PhD advisor, Project co-Director, Institute of Physics, Ukr. Acad. Sci.

Selected Recent Publications that relate directly to subject matter

1. M. Kleman and O.D. Lavrentovich, Soft Matter Physics: An Introduction, Springer Verlag New York, 638 pp. (2003); a textbook for graduate and senior undergraduate levels.

2. D.K. Yoon, M.C. Choi, Y.H. Kim, M.W. Kim, O.D. Lavrentovich and H.T. Jung, Internal structure visualization and lithographic use of periodic toroidal holes in liquid crystals, Nature Materials 6, 866-870 (2007).

3. O.P. Pishnyak, S. Tang, J.R. Kelly, S.V. Shiyanovskii, O.D. Lavrentovich, Levitation, Lift and bidirectional motion of colloidal particles in an electrically-driven nematic liquid crystal,  Phys. Rev. Lett. 99, 127802 (2007).

4. Brian G. Saar, Heung-Shik Park, X. S. Xie, and Oleg D. Lavrentovich, Three-dimensional imaging of chemical bond orientation in liquid crystals by coherent anti-Stokes Raman scattering microscopy, Optics Express 15, 13585-13596 (2007). 

5. I.I. Smalyukh, O. Zribi, J. Butler, O.D. Lavrentovich, and G.C.L. Wong, Structure and dynamics of liquid crystalline pattern formation in drying droplets of DNA, Phys. Rev. Lett. 96, 177801 (2006).

6. Ye Yin, S.V. Shiyanovskii, and O.D. Lavrentovich, Thermodielectric bistability in dual frequency nematic liquid crystal, Phys. Rev. Lett. 98, 097801 (2007).

7. A.B. Nych, U.M. Ognysta, V.M. Pergamenshchik, B.I. Lev, V.G. Nazarenko, I. Musevich, M. Skarabot, O.D. Lavrentovich, Coexistence of two colloidal crystals at the nematic liquid crystal-air interface, Phys. Rev. Lett. 98, 057801 (2007).

8. B.I. Senyuk, I.I. Smalyukh, and O.D. Lavrentovich, Undulations of lamellar liquid crystals in cells with finite surface anchoring near and well above the threshold, Phys. Rev. E 74, 011712 (2006).

9. Y. Yin, S.V. Shiyanovskii, A. Golovin, O.D. Lavrentovich, Dielectric torque and orientational dynamics of liquid crystals with dielectric dispersion, Phys. Rev. Lett. 95, 087801 (2005).

10. I.I. Smalyukh, O.D. Lavrentovich, A.N. Kuzmin, A.V. Kachynski, and P.N. Prasad, Elasticity-mediated self-organization and colloidal interactions of solid spheres with tangential anchoring in a nematic liquid crystal, Phys. Rev. Lett. 95, 157801 (2005)

Project Management Experience

1. Current Extramural Funding: 

NSF DMR 0504516 “Fluorescence confocal polarizing microscopy of three-dimensional configurations in liquid crystals” (PI, $360K), NSF DMS Collaborative Research FRG: Ferroelectric phenomena in soft matter systems (co-PI, $313K), NSF DMR 0710544 Materials World Network on Lyotropic Chromonic Liquid Crystals (co-PI, $122K),   NSF DMR 0606257 New Liquid Crystal Materials Facility (co-PI, $899K), Dept. of Energy, DE-FG02-06ER4331 Electric Field Effects in Liquid Crystals with Dielectric Dispersion (PI, $670K), AFOSR MURI on Self-assembled soft optical negative index materials (co-PI, $537K), W. M. Keck Foundation “Equipment to study biologically relevant liquid crystals” (co-PI, $840K), Ohio’s Center for Multifunctional Polymer Nanomaterials and Devices (CMPND) ($365K, equipment, PI at KSU), Research challenge (KSU) Chromonic Liquid Crystals as a New System for Controlled Drug Delivery (co-PI, $50K),  Samsung sponsored research “Lyotropic chromonic liquid crystals for polarizers and compensators” (PI, $100K).
2. Management of other major projects in the past: 

Co-directed (with Prof. Rosenblatt, CWRU) a project on Surface Phenomena within the National Science Foundation Science and Technology Center on Advanced Liquid Crystalline Optical materials (NSF STC ALCOM 1998-2001), directed the Center for Liquid Crystal Science and Educations (Department of Education, 2002-2005) 

Technical Experience

30 years of research in the field of surface phenomena, liquid crystals, polymers, optics and electrooptics, defects, colloids. More than 200 publications in peer reviewed journals with international circulation.  Published a textbook “Soft Matter Physics: An Introduction” with M. Kleman (Springer, 2003); Developed and taught three new graduate courses at the Chemical Physics Interdisciplinary Program, Participant of the NSF REU Site 2001-2007; 4 publications with undergraduates; Editorial Board member of Phys. Rev. E and Chemistry Central Journal; Chair of the Gordon Res. Conf. on Liquid Crystals (2005); Reviewer of proposals for  NSF, CRDF, Petroleum Research Fund. 
Commercialization Experience 

Inventor in the field of surface alignment of liquid crystals, electrooptics, biosensors (highlighted in Scientific American, January 2002, p.32); US Patents 5,543,950;  6,171,802; 6,188,462; 6,411,354;  6,570,632; 6,673,398; 6,897,915; 7,160,736; 7,267,957; 7,294,370.   Consulted industrial companies in the field of liquid crystal technologies. Worked on research and development projects in collaboration with 3M, AlphaMicron, Inc., LXD, Oringen, Photon X, Samsung Electronic Corp., Nitto Denko, Rockwell International, MicroDiagnosis, Inc.

Honors and Recognitions (last 5 years)

2007
  Distinguished Scholar award, Kent State University

2005
  Chair of Gordon Research Conference on Liquid Crystals; Vice-Chair in 2003. 

2004
Fellow, SPIE-International Society for Optical Engineering

2003

KSU Advisor Excellence Award for advising the SPIE Student Chapter

2002

NorTech Innovation Award for biodetection technology 

Awards to graduate students advised over the last 3 years 

Ivan Smalyukh (2006) Glenn H. Brown Prize of the International Liquid Crystal Society

SPIE Scholarships to B. Senyuk (2007) O. Pisnyak (2007) 

Samsung Scholarships to H.S Park (2007), O. Pishnyak (2006), M. Gu (2005)

Collaborators outside KSU

C. Rosenblatt (CWRU), M. Kleman (Univ. Paris VI, France), P. Pasini and C. Zannoni (University of Bologna, Italy), B. Lev, V. Nazarenko, Yu. Reznikov, O. Yaroschuk, and V. Pergamenshchik (Institute of Physics, Kiev, Ukraine), Sunney Xie (Harvard Univ.),  A. Yodh (Univ. Pennsylvania), M. Islam (Carnegie Mellon Univ.), G. Niehaus and K. Doane (NEOUCOM), N.V. Madhusudana and R. Pratibha (Raman Research Institute, Bangalore, India), S. Garg (College of Wooster, OH), B. Winker (Rockwell International Science Corp.), Paras N. Prasad (State University of New York), Gerard C.L. Wong (University of Illinois at Urbana-Champaign).

Graduate Students Advised

PhD students:  V. Sergan (1989, currently a professor at U. California, Sacramento, CA), Yu. A. Nastishin (1991, senior researcher at Institute of Optics, Ukraine), W.R. Folks (Senior research fellow, Univ. Central Florida, CREOL, FL), V. G. Nazarenko (1998, leading researcher, Insitute of Physics, Ukraine), T. Ishikawa (researcher, Kodak, NY), D. Voloschenko (researcher, Motorola, MI), I. Smalukh (currently an Ass. Prof. at the University of Colorado, Boulder), Hui Liu (2006, Ass. Professor at a University in China, Y. Yin, researcher at Coadna Photonics); currently support five graduate students on research grants.
Le Li

leli@kentoptronics.com
www.kentoptronics.com
Educational Attainment

Fudan University (China), Physics, 
B.S.     1982

Shanghai Institute of Laser Technology (China) Optical Instrumentation
M.S     1984

Fudan University (China), Physics,
Ph.D.   1988

Relevant Work History

2000-present         CEO, Kent Optronics, Inc.

1992- 2000            Vice President/Senior Research Fellow, Reveo, Inc.

1989-1992              Research Associate, Liquid Crystal Institute, Kent State University

1988-1989              Assistant Professor, Fudan University, Shanghai, China

Selected Recent Publications that relate directly to subject matter

1. Haiping Yu, Benjamin Y. Tang, Jianhui Li, and Le Li, Electrically Tunable Lasers Made From Electro-Optically Active Photonics Band Gap Materials, OPTICS EXPRESS, Vol. 13, No. 18, P. 7243, 5 September 2005
2. Le Li, Haiping Yu, Ben Y. Tang, Multi-Band Holographic Liquid Crystals,  SPIE Great Lake Photonics Symposium, Cleveland, OH, June 7 – 11, 2004
3. Le Li, Special Liquid crystal Materials with Multiple Optical States and Fast Response Time, Invited Paper, SPIE International Symposium on Optical Science and Technology, 29 July to 3 Aug. 2001, San Diego, California.
Project Management Experience
1. Current Funding 
MDA SBIR, Photonics Optical Materials-IR Liquid Crystal SLM (F08630-03-C-0205); AF SBIR, Fast Speed Diffraction Limited Multi-Beam Multi-Band Transceivers for Multi-Gb/s Inter-Satellite Laser Communications (FA9453-04-C-0215); MDA STTR, Multi-Band IR Scene Projection Display for Scene Simulation in Hardware-In-the-Loop (HQ0006-05-C-7265); Air Force STTR, High Performance Liquid Crystals for Infrared Applications (FA9550-06-C-0155); Air Force SBIR, Adaptive Agile Multi-Spectral Laser Protection Devices (FA9302-07-C-0012); NSF STTR, Optical Tunable Filter (IIP-0637977); Army/BAA, Polarized scene projector (product development) (W91ZLK-07-C-0012); Teledyne, Technologies, Liquid Crystal Agile Filters (product development); Anteon (General Dynamics), Binned and tunable filter (product development); General Dynamics Information, Active Camouflage using optical tunable filter (product development); Motorola, Tunable filter, variable iris and shutter for camera phone (product development)
2. Management of other major projects in the past: 

Oasis Advanced Engineering, Light Shutter (product development); Illume LP, Liquid Crystal Light Shutter for Automobile Lamp (product development); AF SBIR, Multi-State Ultra-fast Guest Host Cholesteric Liquid Crystal Materials (F33615-01-C-5407)
Technical Experience

More than 20 years research experience in the field of optics, laser, liquid, display, optical components & devices. Published more than 50 technical articles in the field of liquid crystals, polymers and optics in international circulation. Holds more than 50 patents (issued and pending). Created key technologies for Kent Optronics, Inc. 
Commercialization Experience 

Successfully established strategic allies with our industry partners, e.g. Motorola, Polytronix, Oasis Advanced Engineering, Anteon, Teledyne Technologies, Illume, etc. Set up one joint venture with Polytronix to commercialize liquid crystal (LC) and other related products. Leading company team to work with industry partners to commercialize the tunable filters, switchable mirror, and variable aperture technologies. 

Honors and Recognitions

None 

Collaborators outside your organization, especially at the KSU, LCI

Teledyne Technologies; Illume LP; Motorola; Oasis Advanced Engineering; University of Central Florida; Polytronix; Anteon; DoD; Boulder Nonlinear; Electro-Optical Industries
Personnel, Graduate Students Advised

None

Peter Palffy-Muhoray

mpalffy@cpip.kent.edu

http://www.lci.kent.edu
Educational Attainment

University of British Columbia (Vancouver)

Elect. Eng.


B.A.Sc.
1966

University of British Columbia (Vancouver)

Elect. Eng.


M.A.Sc.
1969

University of British Columbia (Vancouver)

Physics
                                
Ph.D.    1977

Relevant Work History

1990 ‑ present
    Associate Director, Liquid Crystal Institute, Kent State University

1994 - present
    Professor, Chemical Physics, Kent State University

2004 - present 
    Visiting Member, Courant Institute of  Math. Sci., New York University

2005   

    Long Term Visitor, Inst. for Math and Its Applications, U. Minnesota

1997-2001
    President, AlphaMicron, Inc.

1989 ‑ 1990
    Consultant, AT&T Bell Laboratories, Murray Hill, NJ

1987 ‑ 1994
    Senior Research Fellow, Liquid Crystal Institute, Kent State University

1983 ‑ 1987
    Assistant Professor (Hon.), Dept. of Physics, Univ. of  British Columbia

1977-1987     Instructor, Dept. of Physics, Capilano College, Vancouver, B.C. Canada

Selected Recent Publications that relate directly to subject matter  

1. P. Palffy-Muhoray, “The diverse world of liquid crystals”, Physics Today 60, 54-69 (Sept., 2007)
2. P. Palffy-Muhoray, W. Cao, M. Moreira, B. Taheri and A. Munoz, “Photonics and lasing in liquid crystal materials”, Phil. Trans. R. Soc. A, 364, 2747-2761 (2006)  
3. R. Ennis, L.C. Malacarne, P. Palffy-Muhoray, M. Shelley, “Nonlocal model for nematic liquid-crystal elastomers”, Phys. Rev. E 74, 061802(8) (2006).
4. M. Camacho-Lopez, H. Finkelmann, P. Palffy-Muhoray and M. Shelley, “Fast liquid crystal elastomer swims into the dark”, Nature Materials, 3, 307, 2004.  

5. W. Cao, A. Muñoz, P. Palffy-Muhoray and B. Taheri, “Lasing in a three-dimensional photonic crystal of the liquid crystal blue phase II”,  Nature Materials 1, 111-113, (2002). 
6. P. Palffy-Muhoray, T. Kosa and Weinan E, “Brownian Motors in the Photoalignment of Liquid Crystals”, Appl. Phys. A 75, 294 (2002) 

7. H. Finkelmann, S.T. Kim, A, Munoz, P. Palffy-Muhoray and B. Taheri, “Tunable Mirrorless Lasing in Cholesteric Liquid Crystalline Elastomers”, Adv. Mat. 1069-1072, 13, (2001).
8. A. Muñoz, P. Palffy-Muhoray and B. Taheri, “Ultraviolet lasing in cholesteric liquid crystals”, Optics Lett. 26, 804 (2001).

9. L. Kondic, M.J. Shelley and P. Palffy-Muhoray, "Non-Newtonian Hele-Shaw flow, and the Saffman-Taylor instability", Phys. Rev. Lett. 80, 1433 (1998)

10. Spatio-Temporal Patterns in Nonequilibrium Complex Systems, ed. P.E. Cladis and P. Palffy-Muhoray, Addison Wesley, 1995.

Project Management Experience

1. Current Extramural Funding:

MURI on Self-Assembled Soft Optical NIMS”, Air Force Office of Scientific Research, (PI, $3,352,112) NSF+ OH ODOD “New Liquid Crystal Materials Facility”, (PI, $2,200,000).

2. Management of other major projects in the past:

NSF SGER  “Modeling the Dynamics of Shape Change in Liquid Crystal Elastomer Systems”, (Co-PI with Shelley at NYU, $200K); US Dept. of  Education “Center for Liquid Crystal Science and Education” (Co-PI $471,913); Ohio Board of Regents, (H.B. 675) “Instruction in Data Acquisition, Data Presentation and Instrument Control”, (PI, $18,618); NSF-Hungary “Investigation of Liquid Crystalline Mesophases of Bent Core Molecules”, (PI, $29,380); NSF-EC “Lasing in Cholesteric Liquid Crystalline Elastomers”, ($480,000); USAF/Anteon Co. “Numerical and Experimental Studies on Isotropic-Liquid Crystalline Binary Mixtures”, ($22,000); “Remote Experiments in the Science Curriculum”, NSF EHR, 2000-2001, ($51,258); “Integrating School Based Remote Experiments into the Science Curriculum: A University/School/Industry Collaboration”, Ohio Board of Regents Dwight D. Eisenhower Program, 1999-2000, ($61,239); NSF Science and Technology Center for Advanced Liquid Crystalline Optical Materials (Co-Principal Investigator), National Science Foundation, $2,500,000; State of Ohio ($249,000); NSF Brazil-US International Supplement “Nonlinear Optics of Lyotropic Liquid Crystals” ($28,600).

Technical Experience

2001 – present     Chief Scientific Officer, AlphaMicron, Inc.

1989 ‑ 1990
Consultant, AT&T Bell Laboratories, Murray Hill, NJ

Commercialization Experience

Founded AlphaMicron, Inc., together with Bahman Taheri and Tamas Kosa in 1997.

As President of AlphaMicron, was responsible for all aspects of  operations until 2001. 
             

Since 2001, have been involved in management as Chief Scientific Officer.

Honors and Recognitions

Distinguished Scholar Award, Kent State University, 1999

Synergistic Activities

Regional Editor, Molecular Crystals and Liquid Crystals (1994-present)

Sr. Editor, electronic Liquid Crystal Communications, www.e-LC.org (2003-present)

Chief Scientific Officer, AlphaMicron, Inc. (2001-present)

Scientific Committee, 9thEuropean Conference on Liquid Crystals, Lisbon 2007

NAS Committee on Nanophotonics: Accessibility and Applicability (2006-2006)
Organizer, IMA Workshop on Negative Index Materials, Minneapolis,  2006

Scientific Committee, 21st Int. Liquid Crystal Conference, Colorado, 2006.

Organizer, IMA Workshop on the Dynamics of Liquid Crystal Elastomers, Minneapolis, 2005. 

International Adv. Board, Topical Meetings on Optics of Liquid Crystals (1996-2005)

Scientific Committee, 20th Int. Liquid Crystal Conference, Ljubljana, Slovenia, 2004. 

Organizing Committee, SIAM Conf. on Math. Aspects of Materials Science (2004)Vice President, International Liquid Crystal Society (2000-2004)

Director, Education Programs, NSF STC for Advanced LC Optical Materials (1991-2002) 

Chairman, 13th Int. Liquid Crystal Conference, Vancouver, Canada  (1990)

Visiting Scientists/Collaborators outside KSU

P.E. Cladis (Advanced Liquid Crystalline Technology Inc., Summit, NY), N.A.  Clark (Dept. of  Physics, University of Colorado), M. C. Calderer (Dept. of Mathematics, Pennsylvania State University), I. Carvalho (Dept. of Physics, PUC-Rio, Rio de Janeiro, Brazil), Weinan E (Mathematics Department, Princeton University, Princeton, NJ), I. Janossy (Cent. Res. Inst. for Physics, Budapest, Hungary), R.B. Meyer (Dept. of Physics, Brandeis University), A. Muñoz  (Dept. of Physics, Univ. Metropolitana, Mexico City, Mexico), A. Figueiredo Neto (Dept. of Physics, University of Sao Paolo, Sao Paolo, Brazil), H. Finkelmann (Institut für Makromol. Chemie, Albert-Ludwigs-Univ., Freiburg), D. Kinderlehrer (Dept. of Mathematics, Carnegie Mellon Univ., Pittsurgh, PA), L. Kondic (Dept. of Mathematics, Duke University, Durham, NC), M. Shelley (Courant Institute of Math. Sci., New York Univ., New York, NY), A. Saupe (Liquid Crystal Institute, Kent State University, Kent, OH),  M.J. Soileau (VP for Research, University of Central Florida), B. Taheri (Liquid Crystal Institute, Kent State University, Kent, OH), R. Twieg (Dept. of Chemistry, Kent State University, Kent, OH), M. Warner (Cavendish Laboratory, Cambridge)

Graduate Students Advised 

B.J. Frisken (1989), J.T. Gleeson (1991), H. Yuan (1991), J-Y. Kim (1992), H Lin (1993), N. Amarasinghe (1993), J-L Li (1994), G. Hu (1996), H. Yuan (2000), R. Ennis (2004), M. Moreira (2004), W. Cao (2005).   Currently support two graduate students on research grants.

Awards to graduate students advised over the last 3 years

Great Lakes Photonics Scholarship, Jeremy Neal, Feb. 1, 2006. 

Jonathan V. Selinger

jvs@lci.kent.edu

http://www.lci.kent.edu/PI/SelingerJ.htm

Educational Attainment

Harvard University, Physics




A. B. summa cum laude
1983

Harvard University, Physics




A. M.


1985

Harvard University, Physics




Ph. D.


1989

Relevant Work History

2005 – present
Professor of Chemical Physics and Ohio Eminent Scholar, Liquid Crystal Institute, Kent State University

2003 – present
Associate Editor, Physical Review E

2004 – 2005
Deputy Head, Laboratory for Biosensors and Biomaterials, Naval Research Laboratory

1993 – 2005
Research Physicist, Center for Bio/Molecular Science and Engineering, Naval Research Laboratory

1992 – 1993
Postdoctoral Fellow, Center for Bio/Molecular Science and Engineering, Naval Research Laboratory

1991 – 1992
Visiting Research Associate, Department of Chemical Engineering, California Institute of Technology

1989 – 1992
Assistant Research Physicist, Department of Physics, University of California, Los Angeles

Selected Recent Publications that relate directly to subject matter

1. R. L. B. Selinger, J. V. Selinger, A. P. Malanoski, and J. M. Schnur, Shape Selection in Chiral Self-Assembly, Phys. Rev. Lett. 93, 158103, 1-4 (2004).

2. J. Fang, W. Ma, J. V. Selinger, and R. Shashidhar, Imaging Biological Cells Using Liquid Crystals, Langmuir 19, 2865-2869 (2003).

3. M. S. Spector, J. V. Selinger, and J. M. Schnur, Chiral Molecular Self-Assembly, in Materials-Chirality:  Volume 24 of Topics in Stereochemistry, edited by M. M. Green, R. J. M. Nolte, and E. W. Meijer (Wiley, Hoboken, 2003), pp. 281-372.

4. J. V. Selinger, H. G. Jeon, and B. R. Ratna, Isotropic-Nematic Transition in Liquid-Crystalline Elastomers, Phys. Rev. Lett. 89, 225701, 1-4 (2002).

5. J. V. Selinger, M. S. Spector, and J. M. Schnur, Theory of Self-Assembled Tubules and Helical Ribbons, J. Phys. Chem. B 105, 7157-7169 (2001).

6. R. D. Kamien and J. V. Selinger, Order and Frustration in Chiral Liquid Crystals, J. Phys.: Condens. Matter 13, R1-R22 (2001).

7. M.M. Green, J.W. Park, T. Sato, A. Teramoto, S. Lifson, R.L.B. Selinger, J.V. Selinger, The Macromolecular Route to Chiral Amplification, Angew. Chem. Intl. Ed. 38, 3139-3154 (1999).

8. J. V. Selinger and J. M. Schnur, Cooperative Chiral Order in the B-Z Transition in Random Sequences of DNA, Biophys. J. 73, 966-971  (1997).

9. J. M. Schnur, B. R. Ratna, J. V. Selinger, A. Singh, G. Jyothi, and K. R. K. Easwaran, Diacetylenic Lipid Tubules:  Experimental Evidence for a Chiral Molecular Architecture, Science 264, 945-947 (1994).

10. J. V. Selinger, Z.-G. Wang, R. F. Bruinsma, and C. M. Knobler, Chiral Symmetry Breaking in Langmuir Monolayers and Smectic Films, Phys. Rev. Lett. 70, 1139-1142 (1993).

Project Management Experience

1. Current Extramural Funding:

ONR “Tracking nanoparticle motion to elucidate mechanisms for anomalous thermal transport in nanofluids” (PI, $344K), NSF “Modeling Actuation and Shape Selection in Soft Materials” (co-PI, $300K), ONR DURIP “Integrated Instrumentation Suite for Exploring Enhanced Thermal Conductivity in Nanofluids” (co-PI, $138K), Ohio Board of Regents Research Challenge “Tracking nanoparticle motion to elucidate mechanisms for anomalous thermal transport in nanofluids” (PI, $60K), Institute for Complex and Adaptive Matter Postdoctoral Fellowship “Theory of ‘Scar’ Defects in Soft Materials with Orientational Order: Building Blocks for Self-Assembly?” (PI, $20K).

2. Management of other major projects in the past:

At Naval Research Laboratory, chaired division’s Core Planning Committee, managing internal basic research funding of approximately $3.6 million per year.  Supervised research program on acoustic properties of liquid crystals, in work leading toward an acoustic imaging device for the Navy.

Technical Experience

Twenty-five years of research in many areas of soft condensed matter theory, including thermotropic and lyotropic liquid crystals, polymers, Langmuir monolayers, and lipid microstructures, in both academic and government research settings.  Special interest in the spontaneous development of chiral order, and the effect of chirality on large-scale modulated structures.  Four years of experience as Associate Editor of Physical Review E, responsible for liquid-crystal section.

Commercialization Experience 

U. S. Patent No. 5,705,191, “Sustained Delivery of Active Compounds from Tubules, with Rational Control,” (1998).  U. S. Patent No. 6,630,997, “Temperature Measurement and Temperature Controlled Switching Using Change in Helical Sense,” (2003).  U. S. Patent application, “Controlled Actuated Membranes and Methods of Making Same,” submitted to USPTO (2005).

Honors and Recognitions (last 7 years)

2006-present
Board of Directors, International Liquid Crystal Society

2007-present
Faculty Senate, Kent State University

2007-present
Chapter Council, Kent State University Chapter, American Association of University Professors

2007


Site visit panelist, National Science Foundation Nanotechnology Science and
                              Engineering Center Review

2005-2007


Committee on Meetings, American Physical Society

2006


Co-organizer of Symposium on Fibrillar Aggregates as Materials, Materials Research Society

2006


Scientific Committee, 21st International Liquid Crystal Conference

2006


Organizing Committee, Kent State University Symposium on Democracy

2001 


Organizing Committee, 8th International Conference on Ferroelectric Liquid Crystals

2000-2001


President, NRL-Edison Chapter, Sigma Xi (Vice President, 1999-2000; Treasurer, 1998-99)

Collaborators outside KSU

Jiyu Fang (Central Florida), Bruce Garetz (Polytechnic), Guenter Gross (North Texas), Mark Green (Polytechnic), Wu Ma (NRL), Jawad Naciri (NRL), Thomas O’Shaughnessy (NRL), Joseph Pancrazio (NIH), B. R. Ratna (NRL), Joel Schnur (NRL), R. Shashidhar (Polestar), Mark Spector (ONR), K. Suresh (Raman Research Inst.), Alex Travesset (Iowa State)

Graduate Students Advised

Lena Lopatina, Subas Dhakal

Charles Rosenblatt

rosenblatt@case.edu
http://liq-xtal.case.edu

Educational Attainment

M.I.T., Physics



             

S.B.

   
1974

Harvard University, Applied Physics



M.S.               
   
1976

Harvard University, Applied Physics


   
Ph.D.

 
1978

Relevant Work History

 1991 – present
Professor of Physics, Case Western Reserve University

1987 – 1991
Associate Professor of Physics, Case Western Reserve University

1980 – 1987
Research physicist, Francis Bitter National Magnet Laboratory, M.I.T.

1978 – 1980
Postdoctoral fellow, Lawrence Berkeley Laboratory, University of California

Selected Recent Publications that relate directly to subject matter

1. “First order Fréedericksz transition above the nematic – smectic A phase transition,” Wen Bing and C. Rosenblatt, Phys. Rev. Lett. 89, 195505 (2002)

2. “Continuous nematic anchoring transition due to surface-induced smectic order,” T. Shioda, Bing Wen, and Charles Rosenblatt, Phys. Rev. E 67, 041706 (2003)

3. “Surface-induced molecular tilt above the smectic-A -- smectic-C phase transition in a nonchiral liquid crystal,” I.M. Syed and C. Rosenblatt, Phys. Rev. E 68, 031701 (2003)

4. “Planar degenerate substrate for micro- and nanopatterned nematic liquid crystals,” I.M. Syed, G. Carbone, C. Rosenblatt, and B. Wen, J. Appl. Phys. 98, 034303 (2005)

5. “Polar anchoring strength of a tilted nematic:  Confirmation of the dual easy axis model,” G. Carbone and C. Rosenblatt, Phys. Rev. Lett. 94, 057802 (2005)

6. “Quasi-divergent nematic surface electroclinic coefficient,” M.H. Zhu, G. Carbone, and C. Rosenblatt, Phys. Rev. E 73, 041701 (2006)

7. “Electrically-switchable, polarization-independent diffraction grating based on negative dielectric anisotropy liquid crystal," Min Hua Zhu, G. Carbone, and Rosenblatt Appl. Phys. Lett. 88, 253502 (2006)

8. “Bend expulsion from the smectic-A phase: Analogy to type-I superconductor,” R. Wang, I.M. Syed, G. Carbone, R.G. Petschek, and C. Rosenblatt, Phys. Rev. Lett. 97, 167802 (2006)

9. “Continuous control of liquid crystal pretilt angle from homeotropic to planar,” K. Vaughn, M. Sousa, D. Kang, and C. Rosenblatt, Appl. Phys. Lett. 90, 194102 (2007)

10. “Naturally occurring reverse tilt domains in high-pretilt alignment nematic liquid crystal," Ruiting Wang, Timothy J. Atherton, Minhua Zhu, Rolfe G. Petschek, and Charles Rosenblatt,” Phys Rev. E 76, 021702 (2007)
Project Management Experience

1. Current Extramural Funding 

NSF, “Symmetry and Molecular Architecture in Liquid Crystals”
(PI, $340K); Nissan Chemical Industries, “Discretionary Fund” (PI, $50K); Dept. of Energy, “Nanoscopic Surface Modification for Liquid Crystal Orientation,” (PI, $381K); Petroleum Research Fund, “Nanotomography of Liquid Crystals using Near Field Scanning Optical Microscopy,” (PI, $80K); Department of Education, “Graduate Assistantships in Areas of National  Need,” (co-PI, $507K), Department of Education, “Graduate Assistantships in Areas of National  Need,” (PI, $384K)
2. Management of other major projects in the past  

Co-directed (with Prof. Lavrentovich, LCI, Kent) a project on Surface Phenomena within the National Science Foundation Science and Technology Center on Advanced Liquid Crystalline Optical materials (NSF STC ALCOM 1993-2001);  Director of Graduate Studies in Physics, CWRU (1993 – present)

Technical Experience More than 30 years experience in liquid crystal research: electric, magnetic, and optical properties; phase transitions; nanoscopic control and imaging of liquid crystalline order; fluids in controlled gravity environments and fluid interface instabilities.  Editorial board of Liquid Crystals (1996 – present).  Reviewer for NSF, Department of Energy, NASA, CRDF, NRC of Canada, and Petroleum Research Fund.  Developed graduate course on liquid crystals (PHYS 447) and graduate courses on optics of soft matter (PHYS 539).  Scientific committee for International  Liquid Crystal Conferences, 2000, 2002, 2004, 2006, and 2008.  International Liquid Crystal Society board member (1992 – 1996; 2006 – present), membership secretary (1992-1996).  

Commercialization Experience  Co-developer of vertically-aligned nematic LC;  Patents::  “Chiral Nematic Liquid Crystal Display with Homeotropic Alignment and Negative Dielectric Anisotropy,” C. Rosenblatt, M.R. Fisch, K.A. Crandall, and R.G. Petschek, U.S. Patent No. 5,477,358  (1995); “Cholesteric Liquid Crystal Devices,” C. Rosenblatt, M.R. Fisch, K.A. Crandall, and R.G. Petschek, U.S. Patent No. 5,602,662  (1997); “Organic Polymer O-Plate Compensator for Improved Gray Scale Performance in Twisted Nematic Liquid Crystal Displays,” B.K. Winker, H.-S. Ryang, L.F. Warren, Jr., C. Rosenblatt, Z. Li, and Y.J. Chung, U.S. Patent No. 5,986,734  (1999); “Organic Polymer O-Plate Compensator for Improved Gray Scale Performance in Twisted Nematic Liquid Crystal Displays,” B.K.Winker, H.-S. Ryang, L.F. Warren, Jr., C. Rosenblatt, Z. Li, and Y.J. Chung, U.S. Patent No. 6,320,634 (2001); Technical consulting for:  Optical Imaging Systems (MI), Rockwell Corp. (CA), Volk Optical (OH), Kent Display (OH), Riverhouse Optics (CA), Optxcon (NC).  Intellectual property consulting for Guardian Industries (MI), French Atomic Energy Agency.

Honors and Recognitions (selected)

2008 Invited speaker at international Liquid Crystal Conference

2007 Invited speaker at 8th Mediterranean Conference on Novel Optical Materials and Applications (Cetraro, Italy)

2005 Keynote speaker at Alarico Center Conference on Soft Matter (Rende, Italy)

2004           Invited speaker at conference on surface phenomena in liquid crystals (Erice, Italy)

2003
Invited speaker at Gordon Conference on Liquid Crystals

2003
Invited speaker at Ferroelectric Liquid Crystal Conference (Dublin, Ireland)

1996
Fellow of the American  Physical Society

Collaborators outside CWRU

B.J. Alder (LLNL), J.L. Barber (LANL), G. Carbone (Unv. Calabria), P. Carlès (Paris), M.R. Fisch (Kent State U.), T.C. Germann (LANL), B. Helgee (Chalmers U., Sweden), Z. Huang (CWRU), K. Kadau (LANL); S.S. Keast (Eli Lilly), D. Kang (Soongsil U., Korea), L. Komitov (Chalmers U., Sweden), S. Kumar (Kent State), O.D. Lavrentovich (Kent State), L.V. Mirantsev (St. Petersburg, Russia), M.E. Neubert (retured), B. Ocko (Brookhaven Nat’l Lab), N. Patel (Intel Corp.), P. Pershan (Harvard), R. Pindak (Brookhaven Nat’l Lab), P. Poulin (Boreaux), M. Prehm (U. Halle), T. Shioda (Nagaokoa U., Japan),, M. Sousa (3M Corp.), G. Strangi (Univ. Calabria, Italy), I.M. Syed (U. Dhaka, Bangladesh), P.L. Taylor (CWRU), C. Tschierske (U. Halle), M.E. Walsh (Kent State U.), Bing Wen (Teledyne), C. Xia (CWRU), Y.-K. Yu (NIH & Fla. Atlantic U.), M. Zhu (Kent Optronics)

Graduate Students Advised

Ph.D. Students:  K.A. Crandall (Darlington Net), G. DiLisi (Professor, John Carroll U.), M.R. Dodge (postdoc, CWRU), Z. Huang (MTS, Phillips), D. Kang (Professor, Soongsil U., S. Korea), J. Li (Assoc. Directgor, Fluid Physics Institute, Myanyang, China), Z. Li (MTS, Motorola), M.H. Lu (MTS, IBM), M. Mahajan (MTS, Teledyne), N. Patel (MTS, Intel Corp.), I.M. Syed (Professor, Univ. Dhaka, Bangladesh), S. Tripathi (MTS, L-3 Corp.), B. Wen (MTS, Teledyne),S. Zhang (MTS, 3-5 Systems), M. Zhu (MTS, Kent Optronics);  Currently support 2 graduate students and 4 postdoctoral fellows on research grants.
Kenneth D. Singer

kenneth.singer@case.edu
http://nlo-server.phys.cwru.edu
Educational Attainment

The Ohio State University, Physics

            

B.S.

   
1975

University of Pennsylvania, Physics



PhD               
   
1981

Relevant Work History

1998-present
Director, Engineering Physics Program, Case Western Reserve University

1995-present
Professor, Physics and Macromolecular Science, Case Western Reserve University

1990-2005 
Associate Chair, Physics, Case Western Reserve University

1990-1993
Warren E. Rupp Associate Professor, Physics, Case Western Reserve University

1982-1989
Member of Technical Staff, AT&T Bell Laboratories 

1981-1982
Postdoctoral Research Investigator, Physics, University of Pennsylvania
Selected Recent Publications that relate directly to subject matter

1. Haowen Li, Guilin Mao, Zhikuan Lu, Ryan Weber, Robert J. Twieg, and Kenneth D. Singer, “Solvent effects on the nonlinear optical response of a potentiometric biological imaging dye,” J. Opt. Soc. Am. B 24(6), 1310-1318 (2007).

2. G. Mao, Y. Wu, and K.D. Singer, “Third Harmonic Generation in Self-Focused Filaments in Liquids,” Opt. Exp. 15(8), 4857-4862 (2007).

3. Volodimyr Duzhko and Kenneth D. Singer, “Self-Assembled Fibers of a Discotic Phthalocyanine Derivative: Internal Structure, Tailoring of Geometry, and Alignment by a Direct Current Electric Field,” J. Phys. Chem. C  111, 27-31 (2007).

4. Volodimyr Duzhko, Hefei Shi, Kenneth D. Singer, Alexander Semyonov, and Robert J. Twieg, “Controlled self-assembly of triphenylene-based molecular nanostructures,” Langmuir 22, 7947-7951 (2006).

5. V. Duzhko, A. Semyonov, R.J. Twieg, and K.D. Singer, “Correlated polaron motion in a quasi one-dimensional liquid crystal,” Phys. Rev. B 73, 064201 (2006)

6. P. Korneychuk, O. Tereshchenko, Yu. Reznikov, V. Reshetnyak, and K.D. Singer, “Hidden surface photorefractive gratings in a nematic liquid crystal cell in the absence of an alignment layer,” J. Opt. Soc. Am B. 23, 1007-1011 (2006).

7. Lionel Sanguinet, Robert J. Twieg, Greg Wiggers, Guilin Mao, Kenneth D. Singer, and Rolfe G. Petschek, “Synthesis and spectral characterization of bisnaphthylmethyl and trinaphthylmethyl cations,” Tetrahedron Lett. 46, 5121-5125 (2005).

8. Jessica Merlin, Mark Winkler, Kenneth D. Singer, Platon Korneychuk, and Yuri Reznikov, “All-optical switching in a nematic liquid crystal twist cell,“ Optics Express 13, 5024-5029 (2005).

9. R. Steven Kurti and Kenneth D. Singer, “Pulse compression in a silver gallium sulfide, mid infrared, synchronously pumped optical parametric oscillator,” J. Opt. Soc. Am. B 22, 2157-2163 (2005).

10. V. Percec, M. Glodde,T. K. Bera, Y. Miura, I. Shiyanovskaya, K. D. Singer, V. S. K. Balagurusamy, P. A. Heiney, I. Schnell, A. Rapp, H.-W. Spiess, S. D. Hudson, and H. Duan, “Self-organization of supramolecular helical dendrimers into complex electronic materials,”  Nature, 419, 384-387 (2002).

Project Management Experience

1. Current Extramural Funding: NSF DMR 0602767 “Dynamic Photonic Crystals Based on Inorganic/Organic Hybrid Materials,” (co-PI, $582K); NSF DMR 0423914 “Science and Technology Center for Layered Polymer Systems (CLiPS),” (Executive Committee, Platform Leader, $178K); Dept of Education, GAANN “Physics,” (co-PI $714K); Office of Naval Research N00014-07-1-1121 (PI, $6.5K); Ciba Specialty Chemicals, (PI, $14K)

2. Management of other major projects in the past: 

Co-directed (with Prof. Palffy-Muhoray) a project on Optical Switching and Storage within the National Science Foundation Science and Technology Center on Advanced Liquid Crystalline Optical materials (NSF STC ALCOM 1998-2001); DMR 0308730 Collaborative Research FRG “Nonpolar Electro-Optic Materials (PI, 2003-2007, $486K)

Technical Experience

30 years of research in the field of optoelectronic properties of liquid crystals, polymers, organic materials including nonlinear optics and electronic materials.   More than 100 publications in peer reviewed journals with international circulation.  Edited several volumes and books.  Founded the Engineering Physics program at Case Western Reserve University.  Founding member of the Advisory Committee for Joint Activities of the Optical Society of America and the American Chemical Society.  Founder of the annual international conference: “Organic Thin Films for Photonic Applications,” Topical Editor of Journal of the Optical Society of America B, Optical Physics, Conference chair of several international conferences.  Editorial board of Nonlinear Optics, Molecular Engineering Review, Photonic Science News.
Commercialization Experience 

Inventor of poled polymer electro-optic films; U.S. Patents #4,859,876 and #5,126,660; Member Technical Advisory Board of Nanofilm LLC; Member Advisory Board of Nano-Network.

Honors and Recognitions

1975-1977
University Fellow, University of Pennsylvania

1986

Exceptional Achievement Award, AT&T Bell Laboratories

1997

Fellow, Optical Society of America

2002

Fellow, American Physical Society

2007

Publication in top 50 most cited papers of all time: Journal of the Optical Society of America

Collaborators outside CWRU

University of Pennsylvania:  V. S. K. Balagurusamy, T. K. Bera, B. De,  Martin Glodde, Paul A. Heiney, Y. Miura, Virgil Percec Max Planck Inst. For Polymer Research: A. Rapp,  I. Schnell, H.-W. Spiess Max Planck Inst. For Microstructure Physics, Halle: Markus Geuss, Martin Steinhart Fraunhofer Institute for the Mechanics of Materials: Ralf Wehrspohn University of Karlsruhe:  Kurt Busch NIST:  H. Duan, Steven D. Hudson Kent State University:  Robert J. Twieg, S.-X. Wang, B. Wang, Alexander Semyonov, Lionel Sanguinet, Jarrod C. Williams, Oleg Lavrentovich, Satyen Kumar, John West Inst. Of Physics, Ukraine:  Valeriy Boichuk, Yuriy Reznikov, Sergey Slussarenko, P. Korneychuk, O. Tereshchenko Chernikov Univ.: Sergey Kucheev Inst. Of Tech. Physics, Warsaw:  Janusz Parka Kiev University: Victor Reshetnyak Tohoku University: A. Kaneko, Z. Lu, H. Wang, T. Kaino

Graduate Students Advised

James Andrews,  1990-1995, Ph.D.; Tony Kowalczyk, 1990-1995, Ph.D.; Liang Zhou, 1991-1992, M.S.; Steven Hubbard, 1991-1997, Ph.D.;Richard Dureiko, 1992-1998, Ph.D.; Tehui Dai, 1994-2000, M.S., Ph.D.; Victor Ostroverkhov, 1996-2001, Ph.D.; 
Oksana Ostroverkhova, 1996-2001, Ph.D; Steven Kurti, 1998-2005 Ph.D; Timothy Bole, 2000-2001, M.S.; Haowen Li, 2002-2006 Ph.D.; Jessica Merlin, 2002-2007 Ph.D.; Currently advising three grant-funded graduate students. 
Samuel N. Sprunt, Ph.D.

sprunt@physics.kent.edu
Educational Attainment
Stanford University, California


A.B.


1980
History

Stanford University, California


B.S. with honors
1980
Physics

Massachusetts Institute of Technology

Ph.D.


1989
Physics

Relevant Work History
2000 - 2005  Associate Professor, Department of Physics, Kent State University, Kent, Ohio 

1993 - 1995  National Research Council Fellow, Naval Research Lab, Washington, D.C. 

1995 - 2000  Assistant Professor, Department of Physics, Kent State University, Kent, Ohio 

2005 - present  Professor, Department of Physics, Kent State University, Kent, Ohio 

 Critical behavior at the isotropic to nematic transition in a bent-core liquid crystal, D. Wiant, S. Stojadinovic, K. Neupane, S. Sharma, K. Fodor-Csorba, A. Jakli, J.T. Gleeson and S. Sprunt, Phys Rev. E (Rapid Communications) 73, 030703 (R) (2006).  
1980 - 1981  Postgraduate Researcher, University of Edinburgh, UK 

1981 - 1988  Research Assistant, Department of Physics and Center for Materials Science 

and Engineering, M.I.T., Cambridge, Massachusetts 

1988 - 1991  Postdoctoral Research Associate, Francis Bitter National Magnet Laboratory and  

Department of Physics, M.I.T., Cambridge, Massachusetts 

1991 - 1993 Research Staff and Director of the Complex Fluids Facility, Francis Bitter National Magnet                        Laboratory and Department of Physics, M.I.T., Cambridge, Massachusetts 

Honors and Recognitions 

Alan Berman Award for outstanding research in applied science, Naval Research Laboratory, 1995; Alan Berman Award for outstanding research in applied science, Naval Research Laboratory, 1996;  

Phi Beta Kappa, 1980 

Professional Activities 
Member of the American Physical Society;  Member of Scientific Committee, 16th International Liquid Crystal Conference;  Poster Chairman, ALCOM Technical Symposium “Reflective Displays” (1997); Proposal referee-Petroleum Research Fund (American Chemical Society), NSF;  Journal referee-Physical Review, Physical Review Letters, Liquid Crystals, Journal of Chemical Physics, Journal of Applied Physics, Applied Physics Letters;  Exhibitor and representative for KSU at National Society of Black Physicists annual meeting, Washington, DC, February 2004;  Treasurer, International Liquid Crystal Society, 2004-2008 

Selected Publications 
 Light-controlled polymerization kinetics for the photostabilization of cholesteric fingerprint rolls, K. Kang and S. Sprunt, Mol. Cryst. Liq. Cryst. 466, 23 (2007) 
 Dynamics in liquid crystal physical gels,  R. Verduzco, N.R. Scruggs, S. Sprunt, P. Palffy-Muhoray, and J.A. Kornfield, Director, Soft Matter 3, 993 (2007) 
 Dynamic light scattering study of biaxial ordering in a thermotropic liquid crystal,  K. Neupane, S.W. Kang, S. Sharma, D. Carney, T. Meyer, G.H. Mehl, D.W. Allender, S. Kumar, and S. Sprunt, Phys. Rev. Lett. 97, 207802 (2006) 
 Giant flexoelectricity of bent-core nematic liquid crystals, J. Harden, B. Mbanga, N. Eber, K. Fodor-Csorba, S. Sprunt, J.T. Gleeson, and A. Jakli, Phys., Rev. Lett. 97, 157802 (2006) 
 Polymer-stabilized cholesteric diffraction gratings: Effects of UV wavelength on polymer morphology and electrooptic properties, S.S. Kang, S. Sprunt, and L.C. Chien, Chem. Mat. 18, 4436 (2006) 
 The dynamics of distorted cholesterics in a mesogenic versus isotropic polymer network, K. Kang and S. Sprunt, Phys. Rev. Lett. (2005) 

 Optically isotropic ferroelectric smectic phase in a bent-core liquid crystal, G. Liao, S. Stojadinovic, G. Pelzl, S. Sprunt, and A. Jaklil, Phys. Rev. E, (2005) 

 Heterodyne and homodyne detection in fluctuating smectic membranes by photon correlation spectroscopy at X-ray and visible wavelengths, W.H. de Jeu, A. Madsen, I. Sikharulidze, and S. Sprunt, Physica B 357, 39 (2005) 

 One nanosecond photon correlation spectroscopy on smectic liquid crystal filsm, S. Sharma, K. Neupane, A. Adorjan, A. Baldwin and S. Sprunt, Phys. Rev. Lett. 94, 067801 (2005) 

Invited and contributed lectures:  65     Dissertations/Theses Directed:  10 

Technical Expertise Summary  
·  Dynamic light scattering: Digital correlation spectroscopy; Raman Spectroscopy; Single photon counting. 

·  Non-linear Optics: Second harmonic generation; Phase matching; Linear electro-optic effect. 

·  Optical phase/polarization modulation and detection. 

·  Optical measurements in high magnetic fields. 

·  Polarizing light microscopy; static and dynamic electro-optical measurements. 

·  Fluorescence Correlation Spectroscopy. 

·  Optical design and engineering; fiber optics. 

·  Lasers: High and low power gas; diode-pumped solid state; Nd:YAG and Ti:Sapphire 

·  Mechanical design: precision scattering cells and sample ovens; optical spectrometer design. 

·  Electronics:  precision temperature control and measurement; optical signal detection and processing. 

·  Computerized experiment control and data acquisition (LabView). 

·  Theoretical modeling of optical scattering processes; phase transitions; effects of applied fields; elastic theory. 

·  Recent highlight: Developed world’s fastest digital electronic correlator 62.5 picosecond  minimum delay – for use in dynamic light scattering experiments. 

Grants Awarded 
9/2007-9/2010 National Science Foundation, “Materials World Network on Lyotropic chromonic liquid crystals”, Principal Investigator, $336,000  total. 

2/2007-2/2008  Office of Naval Research, “Energy conversion based on giant  

flexoelectric effect in bent-core nematic liquid crystals”, Co-Principal Investigator, $122,262 total. 

3/2007-3/2008  Office of Naval Researh / DURIP, “Integrated instrumentation suite for  

exploring enhanced thermal conductivity in nanofluids”, Principal Investigator, $138,000 total.  

7/2006-7/2009  National Science Foundation, “Fluid phases of bent-core molecules:  

Novel physics and applications”, Principal Investigator, $536,137 total. 

4/2006-4/2008 National Institutes of Health, “Structure and Fluidity of Asymmetric Planar Lipid Bilayers”, Co-principal Investigator, $426,119 total. 

11/2005-11/2008 Office of Naval Research, “Tracking nanoparticle motion to elucidate mechanisms for anomalous thermal transport in nanofluids”, Grant no. N00014-06-1-0029, Co-Princial Investigator, $345,000 total. 

1/2004-12/2005  Department of Education (FIPSE), “Center for Liquid Crystal Science and Education”, Co-Investigator, $100,000 total.  

Bahman Taheri

http://www.alphamicron.com
Educational Attainment

California Polytechnic State University (San Luis Obispo)

Physics
BS
1989

Oklahoma State University (Stillwater)



Physics
MS
1992

Oklahoma State University (Stillwater)



Physics
PhD
1995

Relevant Work History

1998 - present 
CEO/CTO, AlphaMicron Inc, Kent OH


1998 ‑ present 
Adjunct Ass. Professor, Chemical Physics, Kent State University

1997 – 1998
Research Fellow, Liquid Crystal Institute, Kent State University

1997 – 1998
Industrial Liaison, NSF ALCOM Industrial Partnership Program
    

1996 - 1997

Research Associate, Liquid Crystal Institute, Kent State University

1995 ‑ 1996

Post Doctoral Fellow, Center for Laser Research, Oklahoma State University

Selected Recent Publications

11. W. Cao, P. Palffy-Muhoray, B. Taheri, A. Marino, G. Abbate, “Lasing Thresholds of Cholesteric Liquid Crystals Lasers”, Mol. Cryst. Liq. Cryst. 429, 101-110 (2005)

12. Moreira, M., Carvalho, C., Cao, W., Bailey, C. Taheri, B., Palffy-Muhoray, P., “Cholesteric liquid-crystal laser as an optic fiber-based temperature sensor, App. Phys. Lett., 85, 2691-2693 (2004)
13. W. Cao, A. Muñoz, P. Palffy-Muhoray and B. Taheri, “Lasing in a three-dimensional photonic crystal of the liquid crystal blue phase II”,  Nature Materials, 1, 111, (2002).

14. H. Finkelmann, S.T. Kim, A, Munoz, P. Palffy-Muhoray and B. Taheri, “Tunable Mirrorless Lasing in Cholesteric Liquid Crystalline Elastomers”, Adv. Mat. (in press; to appear July 18,  2001, Vol. 13, Issue 14 )).
15. A. Muñoz, P. Palffy-Muhoray and B. Taheri, “Ultraviolet lasing in cholesteric liquid crystals”, Optics Lett. 26, 804 (2001)

16. M. Nishikawa, B. Taheri, and J. West, “Mechanism of Unidirectional Liquid Crystal Alignment on Polyimides with Linearly Polarized UV Exposure”, Appl. Phys. Lett., 72, 2403, 1998.
17.  “New photo-aligned multi-domain liquid crystal displays formed utilizing a liquid crystal polarizer”, M. Nishikawa, B. Taheri, J.L. West and Y Reznikov, Jpn. J. Appl Phys., 37, L1393 (1998).

18. Y. Kim, J. Francl, B. Taheri, J. West, “The Formation of Polymer Walls Using Electric Field-Induced Phase Separation”, Appl. Phys. Lett., 72, 2253, 1998.
Project Management Experience

Regional 9 Representative Small Business Development Center of Ohio
Technical Experience
CEO/CTO, AlphaMicron Inc, Kent OH

Vice President, Ohio Liquid Crystal Group
Collaborators

H. Finkelmann 

Institut für Makromolekulare Chemie, Albert-Ludwigs-Universität, 

I.  Foldvari
 
Res. Inst. for Physics, Budapest, Hungary 

S. Holmstrom

Dept. of Physics, Tulsa University, Tulsa, OK 
B. Jassemnejad

Dept of Physics, University of Central Oklahoma, OK 

H. Liu


Dept. of Physics, University of Puerto Rico, PR

A. Muñoz 
 
Dept. of  Physics. , Univ. Metropolitana, Mexico City 

R. Powell

Optical Sciences Center, University of Arizona, AZ

R. Twieg

Dept. of Chemistry, Kent State University, Kent, OH
Graduate Advisor:    R.C. Powell, Dept. of Physics, University of Arizona

Graduate Students:  3 M.Sc., 2 Ph.D. Research Fellows: 5
Charles (Chenhui) Wang
cwang@lxdinc.com                                            (440) 686-8700 ext. 229
Educational Attainment

2003 
PhD  Chemical Physics Interdisciplinary Program, Liquid Crystal Institute,Kent State University, Kent, OH 

1997
Masters program:  Liquid Crystalline Polymer Chemistry and Physics, Peking University (P.R. China)

1995
Bachelor of Science:  Polymer Chemistry and Physics, Nanjing University (P. R. China)
Relevant Work History

2004 – present
Vice President, LXD, Inc., Cleveland, Ohio

Responsible for determining policies and business strategies, and providing overall directions for LXD’s business expansion into Asian Pacific. Lead the LXD team in the areas of strategic marketing in Asian Pacific to meet sales and profit goals of LXD’s liquid crystal display related products; Responsible for all the R&D projects in our Cleveland facility. 
2003-2004
Senior Scientist, ChemImage Corporation, Pittsburgh PA

Managed liquid crystal related projects using liquid crystal as photonics material as well as biomedical sensors. 

Oversaw the entire process of product manufacturing of LCTF including material acquisition, manufacturing process optimization and cost reduction. Reported directly to the CEO of the company. 

Executed R&D development, including new products innovation and existing products improvement, also evaluated emerging technologies for potential applications. 

Awarded four US patents, with other 5 US and 5 World Wide patents pending. 
1998-2003
Research Assistant, Liquid Crystal Institute, Kent State University

Worked with some display and Phonics related company such as DisplayTech Inc., Intel, Santec Systems Inc . etc
Professional Societies

Society for Information Display
International Liquid Crystal Society
SPIE----The International Society for Optical Engineering 

Publications and Presentations
· Chenhui Wang, Michael Wand, Mark Handschy and Philip J. Bos Japanese Journal of Applied Physics, Vol.43, No.6A (2004)
· Chenhui Wang, Philip J. Bos, Michael Wand and Mark Handschy, "A Defect Free Bistable C1 SSFLC Display", Proceeding of SID (Society for Information Display) P34-37, 2002 (May 19-24, 2002 Boston, Massachusetts) (Oral Presentation)

· Chenhui Wang, Satyendra Kumar, Michael Wand, Mark Handschy and Philip J. Bos, "Lowest Energy Layer Structure for Twist States SSFLC Device", Ferroelectrics Vol. 278, Pp79-88 (2002 )

· J. Shi, Chenhui Wang, V. Surendranath, K. Kang and J. T. Gleeson, "Materials for Electroconvection", Liquid Crystals, 29(6), 877-880 (2002)

· R. Kurihara, J. Xu, C. Wang, P. J. Bos and Shunsuke Kobayashi, "Fabrication of Defect Free FLCD by Photoalignment Theoretical Analysis and Experiments",7th International Display Workshop 2000 (IDW 2000), Nov. 29-Dec. 1, 2000 Kobe, Japan

· Chenhui Wang, Ryuji Kurihara, Philip J. Bos and Shunsuke Kobayashi, "Numerical calculation of using low azimuthal anchoring to achieve zigzag free SmC* state with a low pretilt angle", Proceeding of SID (Society for Information Display) P834-838 2001 (June 3-8, 2001 San Jose, California)

· Chenhui Wang and P. J. Bos, Technical Reports: ALCOM Symposium, Vol. XI Optical Beam Steering, June 29-30, Kent State University, Kent, Ohio, 2000, Page 57-63 (2000)

· Xiao-fang Chen, Yao-wen Bai, Yu-guo Ma, Chen-hui Wang, Dong Zhang, Xin-hua Wan, Qi-feng Zhou, Chinese Journal of Polymer Science 17: (2) 193-196 1999

· Chenhui Wang, S-C Lin et al., Acta Polymerica Sinica, 1, 114-118 (1997)

· Qifeng Zhou, Yuguo Ma, Chenhui Wang et al., “Synthesis and characterization of a novel diacetylene-containing liquid crystal polymer and network”: Annual National Symposium on Polymer Science in Hefei, China, Oct. 1997.

Patents
Awarded 4 U.S. patents; additional 5 U.S. patents and 5 world-wide patents are pending.

John L. West

jlwest@kent.edu
http://www.kent.edu/rags  

Educational Attainment
College of William and Mary

B.S. (Chemistry)



1976

Carnegie Mellon-University

M.S. (Chemistry)



1979



Carnegie Mellon-University

Ph.D. (Chemistry)



1980

Relevant Work History

2003 to present

Vice President and Dean, Research and Graduate Studies

1997-2003

Director, Liquid Crystal Institute

1997-2002
Director, NSF Science & Technology Center for Advanced Liquid Crystalline Optical Materials (ALCOM)

1997-2003

Director, Chemical Physics Interdisciplinary Program

1997-present

Professor, Chemistry, Kent State University

1990-1996

Associate Director, Liquid Crystal Institute, Kent State University

1984-present

Senior Research Fellow, Liquid Crystal Institute, Kent State University

1981-1984

Director of Research, Digital Recording Corp., Salt Lake City, Utah

1980-1981

Postdoctoral Fellow, University of Utah

Selected Recent Publications that relate directly to subject matter

1. Electro-optic properties of ferroelectric nanoparticle/liquid crystal dispersions.   West, John L.; Li, Fenghua; Zhang, Ke; Atkuri, Hari M.; Glushchenko, Anatoliy V.  Digest of Technical Papers - Society for Information Display International Symposium  (2007),  38(Bk. 2),  1090-1092.   

2. Non-synthetic method for modifying properties of liquid crystals.  West, John L.; Cheon, Chae Il; Glushchenko, Anatoliy V.; Reznikov, Yuri; Li, Fenghua.   U.S. Pat. Appl. Publ.  (2007),  36pp., US  2007200093  A1  20070830  

3. Applications of ferroelectric particles/liquid crystal colloids. Glushchenko, Anatoliy; Cheon, Chae Il; West, John; Reznikov, Yuri. Proceedings of SPIE-The International Society for Optical Engineering  (2007),  6487(Emerging Liquid Crystal Technologies II),  64870T/1-64870T/7. 

4. Ferroelectric Particles in Liquid Crystals: Recent Frontiers. Glushchenko, Anatoliy; Cheon, Chae Il; West, John; Li, Fenghua; Büyüktanir, Ebru; Reznikov, Yuri; Buchnev, Alexander, Molecular Crystals and Liquid Crystals, (2006), 453, 227-237.
Orientational coupling amplification in ferroelectric nematic colloids.  Li, Fenghua; Buchnev, Oleksandr; Cheon, Chae Il; Glushchenko, Anatoliy; Reshetnyak, Victor; Reznikov, Yuri; Sluckin, Timothy J.; West, John L.  Physical Review Letters  (2006),  97(14),  147801/1-147801/4. 
5. Colloidal particles at a nematic-isotropic interface: effects of confinement.  West, J. L.; Zhang, K.; Glushchenko, A.; Andrienko, D.; Tasinkevych, M.; Reznikov, Y.  European Physical Journal E: Soft Matter  (2006),  20(2),  237-242.  
6. Field-induced polymer wall formation in a bistable smectic-A liquid crystal display.      Buyuktanir, Ebru A.; Gheorghiu, Nadina; West, John L.; Mitrokhin, Maxim; Holter, Boerre; Glushchenko, Anatoliy.   Applied Physics Letters  (2006),  89(3),  031101/1-031101/3. 
7. Patterned field induced polymer walls for smectic A bistable flexible displays.      Gheorghiu, N.; West, J. L.; Glushchenko, A. V.; Mitrokhin, M.  Applied Physics Letters  (2006),  88(26),  263511/1-263511/3.  

8. Ferroelectric nanoparticle/liquid-crystal colloids for display applications.  Li, Fenghua; West, John; Glushchenko, Anatoliy; Cheon, Chae Il; Reznikov, Yuri.  Journal of the Society for Information Display  (2006),  14(6),  523-527.  
9. Stressed liquid crystals materials for light modulation.   West, John L.; Glushchenko, Anatoliy; Zhang, Guoqiang; Bos, Philip J.    PCT Int. Appl.  (2006),  39 pp.  WO  2006061808  A2  20060615 
10. Ferroelectric nanoparticle/liquid-crystal colloids for display applications.  Li, Fenghua; West, John; Glushchenko, Anatoliy; Cheon, Chae Il; Reznikov, Yuri.  Journal of the Society for Information Display  (2006),  14(6),  523-527.  
Project Management Experience

Current Extramural Funding:  “New Liquid Crystal Materials Facility” (NSF, $899,235; ODD $200,000); “Liquid Crystal Display Doped with Ferroelectric Nanoparticles” (Samsung, $80,000); “flexible Liquid Crystal Film Manufacturing Alliance” (ODD; Kent displays $930,000); “FlexMatters” (NorTech, $200,000); “PixelOptics SuperVision Project (Pixel Optics, Inc., $400,000); “MRI: Acquisition of a Transmission Electron Microscope for Research, Education and Industrial Partnership in the Field of Orientationally Ordered Materials (NSF pending $1,382,759).

Management of other major projects in the past:

Directed the National Science Foundation Center for Advanced Liquid Crystalline Optical Materials, a consortium of Kent State, Case Western Reserve University and University of Akron designed to leverage the capabilities of the three institutions in the fields of liquid crystal and poymer research.  

Technical Experience
Twenty-three years of research in the fields of photoalignment, particles in liquid crystals, polmer dispersed liquid crystals and flexible displays.  Over 130 articles published in peer reviewed journals.  In collaboration with a number of Northeast Ohio partners created an iniative to build FLEXMatters, a new industrial cluster combining the research strengths of Kent State, The University of Akron and Bowling Green State University with industrial researchers around the state to produce optical and electronic devices on flexible plastic substrates, including flexible displays, complex electronics and solar cells and advanced optical films.  The research is directly supported by two Ohio Research Commercialization Projects that over $30 million in state and matching funds.

Commercialization Experience
Inventor or co-inventor of 13 patents related to liquid crystal and polymer technology, which have been licensed to numerous companies in the United States and abroad.  Consulted and established collaborative research agreements with several companies including Samsung Electronics, LXD, Nitto-Denko.

Honors and Recognitions (last 5 years)
Doolittle Prize of the American Chemical Society, 1989

Goodyear Corporate Inventor Award, 1997

Collaborators outside KSU
J.W. Doane, Kent Displays; Bahman Taheri, Asad Khan, AlphaMicron; Yuri Reznikov, Academy of Science of the Ukraine; Miko Cakmak, University of Akron; Anatolyi Gluchshenko, Univeristy of Colorado, Colorado Springs.

Graduate Students Advised

Advised 11 graduate students and sponsored nine post doctoral fellows on grants.  David S. Fredley, "Phase Behavior and Electro-Optics of Dispersions of Polymers and Low Molecular Weight Liquid Crystals," December 1993; Martin Brett, “The Effect of Temperature on the Stability and Electro-optics of Bistable Reflective Cholesterics” (masters) 1997; Xiao-Dong Wang, "Polarized Ultraviolet Light Induced Alignment for Liquid Crystal Displays on Well-Defined Polyimide Films," May 1998 (Co-advisor, D.W. Allender); Eui Yeul Park “A Study of the Phase Separation of PDLC using Patterned ITO Substrates Coated with a Variety of Alignment Layers”, (masters) 2000;  David Heineman, “Mechanism of Electrically Induced Polymer Wall Formation,” (masters) 2001; Lin Li Su, "Photoalignment Using Low Molecular Weight Dichroic Dyes” May 2003; Volodymyr Bodnar, "Characterization and Modeling of Optics of Cholesteric Thin Films,"(completing dissertation); Ke Zhang, “Control of morphology of nanoparticles-liquid crystal colloids” 2006; Guoqiang (Matt), Zhang, “Stressed Liquid Crystals (SLC) 2006; Ebru Aylin Büyüktanir, “Polymer Dispersed Liquid Crystals” (in progress); Fenghua Li, “Ordered polymer/liquid crystal composites” (in progress)Postdoctoral Fellows: Robert D. Akins, Anima Bose, William J. Fritz, Yimen Ji, Yoan Kim, Winifred Tamura-Lis, James, W. McCargar, Anatoliy Glushchenko, Ke Zhang
Christopher J. Woolverton, Ph.D.
cwoolver@kent.edu                                                           http://dept.kent.edu/biology/woolver.htm
Educational Attainment

1982 

B.S., Biology, Wilkes College




1984

M.S., Medical Microbiology, West Virginia University

1986

Ph.D., Medical Microbiology, West Virginia University


1986-1988 
Postdoc, Immunology, University of NC at Chapel Hill 

Relevant Work History

2006 – present:

Professor, Department of Biological Sciences, Kent State University

2004 – present: 
Director, Center for Public Health Preparedness, Kent State University

2000 – 2006:  

Associate Professor, Department of Biological Sciences, Kent State U.

1995 – 2000:  

Assistant Professor, Department of Biological Sciences, Kent State U.

1996 – present:  
Graduate Faculty, Biological and Biomedical Sciences, Kent State U.

1994 – 1995

Scientist, Holland Research Lab, American Red Cross, Rockville, MD

1993 – 1994

Scientist, Pharmacology Department, Scios Nova, Inc., Baltimore, MD

1988 – 1993

Assistant Professor, Austin College, Sherman, TX

Selected Recent Publications that relate directly to subject matter

[1] Helfinstine, S., O.D. Lavrentovich and C.J. Woolverton, 2006.  Lyotropic Liquid Crystal as a real-time detector of microbial immune complexes. Letters Applied Microbiology 43:27-32. 

[2] Shiyanovskii, S.V., T. Schneider, I.I. Smalyukh, T. Ishikawa, G. D. Niehaus, K. J. Doane, C. J. Woolverton, and O. D. Lavrentovich, 2005.  Director Distortions and Light Transmittance around Growing Immune Complexes in a Lyotropic Chromonic Liquid Crystal:  A Real-time Microbe Detector.  Phys. Rev. E., 71, 020702.

[3]  Shiyanovskii, SV, OD Lavrentovich, T. Schneider, T. Ishikawa, I. Smalyukh, C.J. Woolverton, G. Neihaus, K. Doane, 2005.  Lyotropic Chromonic Liquid Crystals for Biological Sensing Applications, Mol. Cryst. Liq. Cryst., 434, 259-270.

[4]  Woolverton, CJ, E. Gustely, L. Li, and OD Lavrentovich, 2005. Liquid Crystal Effects on Bacterial Viability, Liquid Crystals, 32, 417–423.

[5] Willey, J., L. Sherwood and C.J. Woolverton, 2007.  Prescott, Harley and Klein’s Microbiology. McGraw Hill Higher Education, New York.

[6] Willey, J., L. Sherwood and C.J. Woolverton, 2008.  Prescott’s Principles of Microbiology. McGraw Hill Higher Education, New York.

Project Management Experience

1. Current Extramural Funding: 

A.   Terrorism Preparedness Needs Assessment and Training Recommendations for Northeastern Ohio Hospitals.  C.J. Woolverton (PI of subcontract).  $21,259 from the Ohio Department of Health, Northeastern Central Planning Group of the Akron Regional Hospital Association (subcontract from University of Findley). June 2007-December 2008.

B.  Chromonic Liquid Crystals as a New System for Controlled Drug Delivery.  Finotello, Lavrentovich and Woolverton (co-PIs). $50,000 from the Ohio Board of Reagents Research Challenge Program, January 2007-December 2008.

C.   Research at the Biology-Liquid Crystals Frontier.  CJ Woolverton and OD Lavrentovich, co-PIs.  $860,000 from the W.M. Keck Foundation (Instrumentation Grant). June 2005-May 2008.  

D.  Chromonic Liquid Crystals as a New System for Controlled Drug Delivery.  Finotello, Lavrentovich and Woolverton (co-PIs). $50,000 from the Ohio Board of Reagents Research Challenge Program, January 2007-December 2008.

E.   The Northeastern OH Consortium for Biopreparedness-equipment and curriculum.  Woolverton, C.J.  $744,000 from the US Department of Education (FIPSE)  (congressional allocation).  August 2005-July 2007 (NCE to 7/08).  .

2. Management of other major projects in the past: 

A.  The Northeastern OH Consortium for Biopreparedness.  Woolverton, C.J.  $698,926 from the US Department of Health and Human Services (congressional allocation),  August 2004-July 2005.  Funded by the Centers for Disease Control and Prevention.

B.  Liquid Crystal Materials for Biosensor Development, Lavrentovich, O.D. and Woolverton, C.J.  $100,000 from the National Science Foundation.  September 2003-August 2004.

Technical Experience

 20 years of research in the field of infectious disease microbiology.  Identified impact of dental eugenol on white blood cell activity.  Identified impact of dental bleaching toxicity.  Identified cellular immune response to Gram-positive cell wall peptidoglycan, upregulating normalization of germ free rodents.  Identified controlled antibiotic release characteristics from human fibrin polymers.  Identified use of lyotropic chromonic liquid crystals as sensor of bacteria and viruses.  Identified toxicity profile of liquid crystals on bacteria and bacterial spores.  Co-author on two microbiology textbooks used internationally by undergraduate science majors.  Publications with 6 undergraduates as co-authors.  Publication with 1 high school student as co-author.  Ad hoc reviewer for funding agencies and journals.  Incoming Editor-in-Chief, Journal of Microbiology and Biology Education.

Commercialization Experience 

Six issued patents (6,054,122; 6,117,425; 6,171,802; 6,395,288; 7,160,736; 7,267,957) and threee patents pending.  Consultant  for GOJO Industries, Lexi-Comp Publishers, IGR Enterprises, Pneumatic Scale, and Hunter Manufacturing (OH companies) and MDI (WA company).  Worked with VCs and economic development groups in OH.  Consultant for the Kent Regional Business Development group (OH).

Honors and Recognitions (last 5 years)

Research/Patent recognition by Scientific American, January 2002; Research recognition by Healthcare Informatics Online, January 2002; NorTech Innovation Award, Cleveland, OH, May 2002; Scientific Advisory Board, Surgical Applications of Tissue Sealants and Adhesives Conference, preceding The American College of Surgeons Clinical Congress, San Francisco, CA 2002; Who’s Who in Technology, Crain’s Business Report, Cleveland, June 2002; Technology Funding Candidate, TechVesting Business Development Group, Cleveland, June 2002; Session Chairperson, Surgical Applications of Tissue Sealants Conference, preceding The American College of Surgeons Clinical Congress, 5-6 October 2002, San Francisco, CA; Faculty/Staff Incentive Award, Kent State University, Kent, OH, October 2002; Faculty Excellence (Merit) Award in Teaching, 2003; Faculty Excellence (Merit) Award in Research, 2003; Phi Delta Epsilon (student nominated honorary member), Kent State University Chapter March 2003; Faculty/Staff Incentive Award, Kent State University, Kent, OH, Summer 2003; Research/Patent recognition by Kent State University, 2004; Finalist, 2003 Awards of Achievement (Technology), presented by the Publishers of Northern Ohio Live Magazine, Cleveland, OH, October 2003; Who’s Who in Technology, Crain’s Business Report, Cleveland, June 2005; Symposium Chairperson, Biodefense and Safety, American Society for Microbiology, General Meeting, Orlando, FL, May 2006; Promotion to Professor, Kent State University, Kent, OH, Fall 2006; Research/Patent recognition by Kent State University, 2007.

Awards to graduate students advised over the last 3 years 

ICAM travel award to Steve Fiester.  ASM travel award to Shannon Helfinstine and Tracey Meilander.  KSU Graduate Student Senate travel award to Shannonn Helfinstine.  KSU Graduate Student Senate research award to Tom Rusk.

Collaborators outside KSU

Steve Schmidt (Summa Health System), Judy Fulton (Akron General Medical Center), Jeffrey Byrd (St. Mary’s College), Harold Johnson (MSU), Joanne Willey (Hofstra U), Linda Sherwood (Montana State U), Anthony Arment (Central State U), G. Niehaus and K. Doane (NEOUCOM), Virginia Anderson (Towson State U), Mark Bonfiglio (Lexi-Comp), James Arbrogast, Wil Hemker & Dave Macinga (GOJO Industries) 

Graduate Students and Postdoctoral Scientists Advised:  Current:  Steve Fiester (M.S.), James Redfearn (Ph.D.), and Tom Rusk (Ph.D.); Previous Ph.D. Shannon Helfinstine, Previous M.S.: Guo Zhong, Elizabeth Marino and Barbara Brezina.

PDFs:  Margarita Gomez Eschalada, Shannon. Helfinstine and Tracey Meilander.
Deng-Ke Yang

dyang@lci.kent.edu
http://www.lci.kent.edu/PI/DkYang.htm
Educational Attainment

Tsinghau University, Beijing, Physics              


B. Sc.

   
1984

University of Hawaii, Honolulu, Physics



Ph. D               
   
1989

Kent State University, Kent, Liquid Crystal


Postdoctoral Fellow 
1989-1991

Relevant Work History

2004-present
Professor, Chemical Physics Program, Kent State University, Kent, OH 44242

1999-2004
Associate Professor, Chemical Physics Program, Kent State University

1995-1999
Assistant Professor, Chemical Physics Program, Kent State University

1992-1995
Senior Research Fellow, Liquid Crystal Institute, Kent State University

1991-1992
Research Fellow, Liquid Crystal Institute, Kent State University, Kent

Selected Recent Publications that relate directly to subject matter

11. D.-K. Yang and S-T. Wu, book, “Fundaments of liquid crystal devices,” John Wiley & Sons, Ltd., (2006).

12. S.-T. Wu and D.-K. Yang, book, “Reflective liquid crystal displays,” John Wiley & Sons, Ltd., (2001).

13. D.-K. Yang, L.-C. Chien and Y.K. Fung, Chapt. 5, "Polymer stabilized cholesteric textures: materials and application,” in Liquid crystals in Complex Geometries Formed by Polymer and Porous Networks, ed. G.P. Crawford and S. Zumer Taylor & Francis, London (1996).

14. D.K. Yang, L.C. Chien and J.W. Doane, "Cholesteric liquid crystal/polymer gel dispersion for haze-free light shutter," Appl. Phys. Lett., 60, 3102 (1992).

15. D.-K. Yang, J.W. Doane, Z. Yaniv and J. Glasser, "Cholesteric reflective display: drive scheme and contrast," Appl. Phys. Lett., 65, 1905 (1994).

16. D.-K. Yang, F. Zhou, S. Hurley and L. Shi, “An analytic approach in designing film STN LCDs,” Conference Record of International Display Research Conference, 235-238 (2006).

17. D.-K. Yang, Z.J. Lu, L.C. Chien and J. W. Doane, “Bistable polymer dispersed cholesteric reflective display,” SID Intl Symp. Digest Tech. Papers, XXXIV, 959-961 (2003).

18. D.-K. Yang, “A Simulation Study of a Liquid Crystal Optical Switch Based on Total Internal Reflection,” J. Opt. A: Pure Appl. Opt. 5, 402-407 (2003)

19. J.V. Gandhi, X.-D. Mi and D.-K. Yang, "Effect of surface alignment on the configurational transitions in cholesteric liquid crystals," Phys. Rev. E, 57, 6761-6766 (1998).

20. M. Xu, F.D. Xu and D.-K. Yang, "Effects of cell structure on the reflection of cholesteric liquid crystal display," J. Appl. Phys., 83, 1938-1955 (1998).

Project Management Experience

1. Current Extramural Funding: 

Ohio research challenge “Energy saving bistable switchable window” (PI, $50,000), Ohio Research and Commercialization Program “Commercialization of functional polyimide films and nanocomposites” (Co-PI, $300,000), Airforce “Segmented thermal flash blindness protection” (Co-PI, $100,000), Samsung Electronics Inc. “Simulation study of biaxial nematic liquid crystal displays” (PI, $80,000).

2. Management of other major projects in the past: 

Co-project director (liquid crystal/polymer composites), NSF Advanced Liquid Crystal Optical Materials (ALCOM) Science and Technology Center.

Technical Experience

23 years of research in the field of liquid crystal, liquid crystal/polymer composites, liquid crystal display and organic photonic devices.  Published two books “Fundamental of liquid crystal devices” and “reflective liquid crystal displays” with S.-T. Wu.  Developed and taught two new graduate courses at the Chemical Physics Interdisciplinary Program in KSU and Polymer Science in Akron U,
Commercialization Experience 

Inventor in the field of liquid crystal devices.  US Patents  5,200,845, 5,251,048, 5,384,067, 5,437,811, 5,453,863, 5,695,682, 5,748,277, 5,847,798, 6,061,107, 5,877,826, 6,268,839, 6,204,835 B1, 6,154,190, 6,320,563 B1, 6,104,448.  Consulted industrial companies in the field of liquid crystal technologies. Worked on research and development projects in collaboration with AlphaMicron, Kent Display Inc, Samsung Electronic Corp., Dimensional Associate, Rockwell International, Kodak, Hughes Electronics, Meadowlock, Dynamic Eye.  Co-founder of Kent Optronics Inc.

Honors and Recognitions (last 5 years)

2007
  Fellow, Society for Information Display

2005
  Special recognition award, Society for Information Display. 

Collaborators outside KSU

S. Cheng (Akron U), S.T. Wu (Univ. of Central Florida), S. Zumer ( Univ. of Ljubljana, Slovenia), F. Harris (Advanced Polymer System)

Graduate Students Advised

PhD students:   Z.J. Lu (1995, Honeywell), X-Y. Huang (1995, Kent Display Inc.), M. Xu (2000, Polytronix Inc.), R.Q. Ma (2000, Universal display Company), X-.D. Mi (2000, Kodak), F. Zhang, (2001, Teledyne Technologies, Inc.), A.A. Khan (2003, Kent Display Inc.), F. Zhou (2005, Kent State University).

Master student: P. M. Dunn, (2000, Dell)

Tom N. Oder
tnoder@ysu.edu, http://www.ysu.edu/physics/tnoder
a.
Educational Attainment
Institution(s)


Major/Area


Degree

Year

Makerere University, Uganda
Physics & Mathematics

BSc. 

1983

St. Andrews University, U.K

Radiation Biophysics

MSc. 

1985

Auburn University, AL, USA

Condensed Matter Physics
Ph. D. 

1999

Kansas State University, KS, USA
III-Nitride semiconductors
Postdoc 
1999 – 2003

b.
Relevant Work History
Position


Department

Institution


Dates

Assistant Professor 
Physics & Astronomy 
Youngstown State University 
2003 – present

Lecturer 


Physics 

Makerere University, Uganda 
1986 – 1992

c.
Selected Recent Publications that relate directly to subject matter 
i)
Recent and significant: 

1.
T. N. Oder, K. H. Kim, J. Y. Lin and H. X. Jiang, “III-Nitride Blue and Ultraviolet Photonic Crystal Light Emitting Diodes,” Appl. Phys. Lett. 84, 466 (2004).

2.
T. N. Oder, J. Shakya, J. Y. Lin, and H. X. Jiang, “Nitride microlens arrays for blue and ultraviolet wavelength applications”, Appl. Phys. Lett. 82, 3692 (2003).

3.
T. N. Oder, J. Li, J. Y. Lin and H. X. Jiang, “Photoresponsivity of ultraviolet detector based on InxAlyGa1-x-yN quaternary alloys.” Appl. Phys. Lett. 77, 791 (2000).

4.
T. N. Oder, J. Y. Lin and H. X. Jiang, “Propagation Properties of Light in AlGaN/GaN Quantum Well Waveguides.” Appl. Phy. Lett. 79, 2511 (2001).

5.
T. N. Oder, J. Y. Lin and H. X. Jiang, “Fabrication and Optical Studies of AlGaN/GaN Quantum Well Waveguides.” Appl. Phy. Lett. 79, 12 (2001).

ii)
Other significant publications:
6.
T. N. Oder, P. Martin, J. Y. Lin, H. X. Jiang, J. R. Williams and T. Isaacs-Smith, “Thermally Stable Schottky Contacts on n-GaN Using ZrB2”. Appl. Phys. Lett.  88, 183505 (2006). 

7.
T. N. Oder, J. Li, J. Y. Lin and H. X. Jiang, “Fabrication and Characterization of InxAlyGa1-x-yN Ultraviolet Detectors.” Mater. Res. Soc. Sym. Proc. 639, G10.7 (2001).

8.
T. N. Oder, J. R. Williams, K. W. Bryant, M. J. Bozack and J. Crofton “Low Resistance Ohmic Contacts to n-SiC Using Niobium.” Materials Science Forum 338-342, 997 (2000).

9.
T. N. Oder, J. Li, J. Y. Lin and H. X. Jiang, “Exciton-polariton propagation in AlGaN/GaN Quantum Well Waveguides probed by time-resolved photoluminescence.” Ultrafast Phenomena in Semiconductors VI, Kong-Thon F. Tsen, Jin-Joo Song, Hongxing Jiang, Editors, Proc. SPIE 4643, 258 (2002).

10.
T. N. Oder, J. R. Williams, S. E. Mohney and J. Crofton “Refractory Metal Boride Ohmic Contacts to P-Type 6H-SiC.”  J. Electron. Mater. 27, 12 (1998).

d.
Project Management Activities
1.
Dr. Oder’s joined the Department of Physics and astronomy in 2003, and established a laboratory for research on wide band gap semiconductors. Of the four undergraduate physics students he recruited to assist in setting up equipments for the research, two were females and one an African American. This is a demonstration from the start, of Dr. Oder’s commitment to increase the participation of groups underrepresented in STEM (African Americans, females) in his research program at YSU. Two vacuum chambers that were lying un-operational in the Department for over ten years were upgrading. One was fitted with sputter guns for DC magnetron sputter deposition and the other was fitted with graphite heater for vacuum annealing. It was gratifying to witness the excitement with which the students greeted the first plasma ignition in the deposition system once the system was in operation. 

Biographical Sketch for Dr. Tom Oder (continued)

Through Dr. Oder’s guidance, these students have made tremendous achievements including (i) winning a gold medal for best presentation (ii) winning two YSU undergraduate research grants, (iii) giving six oral presentations in YSU QUEST (annual forum for students to showcase their scholarly achievements), (iv) winning admission to participate in a summer REU at Penn State University, (v) admission to doctoral graduate studies in Materials Science and Engineering at the University of Illinois at Urbana Champaign. Our research effort has so far yielded one peer reviewed journal publication, the second paper is currently submitted for publication, with some of these undergraduate students as co-authors. Dr. Oder has in addition won two YSU Research Professorships (release time), and won two competitive grants (NSF and Research Corporation); allowing him to be more engaged in research work that has since attracted more students in his research programs.

2.
For the second time, Dr. Oder is currently teaching an upper division Physics course (Condensed Matter Physics #5830), a swing course, which incorporates lectures with laboratory exercises covering, selected topics in Semiconductor Physics. This course has attracted Engineering and Physics students who are being exposed to hands-on experience in device processing, thus integrating research in semiconductor physics with classroom education.

3.
During the summer of 2004, 2005 and 2006, Dr. Oder actively participated in the YSU’s STEM summer bridge program, where he gave lectures and laboratory activities provided over 2-3 weeks to incoming minority freshmen admitted for Science, Technology, Engineering and Mathematics (STEM) programs at YSU. One of the purposes of this program is to reduce the dropout rate among the minority students by providing mentorship involvement early in their academic career. Dr. Oder has conducted lectures and laboratory hands-on experience in these sessions as a means of stirring up interest in education and increasing retention among the minority student population, and he has served as a mentor and tutor to these students throughout the school year.

4.
Dr. Oder has been one of the pioneers in the Department of Physics and Astronomy to incorporate the use of Peer Instruction and Personal Response System (clickers) in classroom instruction. This is an innovative teaching tool being adapted by many institutions to enhance student participation as well as gauge their concept-grasp during classroom instruction. The introduction of these pedagogical methods has dramatically increased active participation and engagement of students in his classroom. As a result, many students seek to enroll in Dr. Oder’s classes every semester.

e.
Collaborators & Other Affiliations
1.
Collaborators: 


Dr. V.A. Adedeji (Dept. of Physics, Georgia Southern Univ); T. Isaacs-Smith (Dept. of Physics, Auburn Univ.); Prof. H. X. Jiang, H. J. Jun, K. H. Kim, J. Li, Prof. J. Y. Lin, M. L. Nakarmi, K. B. Nam, J. Shakya (Dept. of Physics, Kansas State University); J. R. Williams (Dept. of Physics, Auburn Univ.).

2.
Graduate and Postdoctoral Advisors:
Ph D. Thesis Advisor: Prof. J. R. Williams, Dept. of Physics, Auburn Univ.

Postdoctoral Advisors: Profs. H. X. Jiang and J. Y. Lin, Dept. of Physics, Kansas State Univ.

3.
Current Students: 

Miss S. Schaeffer (Phys, undergrad), Mr. M. Barlow (Elec. Eng, grad), Mr. E. Sutphin (Elec. Eng, undergrad) and Mr. A. Schott (Elec. Eng, undergrad).

4.
Past Students: 

Miss P. Martin (Univ. of Illinois at Urbana Champaign), Miss S. Kicovic, Mr. M. Crummel and Mr. L. Webb all Physics undergrad students. 

Collaborator Letters of Commitment

An e-book based on KDI’s “no-power” bistable cholesteric display





TEM of gold nanorods functionalized by Quan Li with thiol surfactant [208] 








TEM images of cage-like mesoporous silica [142] (left), ordered mesoporous carbon obtained from hexagonally ordered silica [169] (middle), and carbon channel-like ordered meso-pores (right, A1) and graphitized pore walls (A2) [204]. 





Atomic Force Microscopy  of a dry chromonic LC film at mica substrate showing orientational order [93]





Top: Bent core multilayer as seen in Brewster microscope, with in-plane director across the whole 1 cm field of view [90]. Bottom: simulation for a single bent-core molecule at the water surface [82].











Electro-optically addressed cholesteric displays: monochrome bistable displays (left and right) and a full-color display (center) with 6.3” diagonal, 480×640 pixels and 127 dpi resolution.
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Electrically controlled LC “privacy” window developed at the LCI uses PDLC  to control the intensity of light passing through the panel.
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First application of electric field-operated LCDs produced in Kent by ILIXCO. � HYPERLINK "http://invention.smithsonian" ��http://invention.smithsonian�. 


org/centerpieces/quartz/


inventors/fergason.html

















Visualizing the Frederiks transition with CARS: (a) CARS depth profiles of 21 mm thick E7 cell tuned into the CN stretch at 2215 cm-1 at various voltages. The loss of signal in the center of the sample at elevated voltages is characteristic of a Frederiks transition, as the CN groups (and director) reorient vertically. (b) Calculated director angle as a function of z-position for a 20 mm thick E7 cell, at various voltages. (c) molecule of pentylcyanobiphenyl (5CB), the principal ingredient of E7 with CN and CH groups; (d) CARS images of the same sample at the CH frequency of 2845 cm-1; modified from Ref.52.
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Schematic structure of a single fabric substrate cholesteric display (top) and its real prototype produced at KDI (bottom).





KDI’s monochrome flexible low resolution bistable display





AMI’s flexible electrically switchable lenses used in a variety of eyewear from pilot visors to UVEX ski goggles.
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