CENTER FOR SENSORS & SENSOR TECHNOLOGIES

ACTIVITIES REPORT

FALL 1997 to SUMMER 2003

CENTER FOR SENSORS & SENSOR TECHNOLOGIES

ACTIVITIES REPORT

Time Period:  Fall 1997 to Summer 2003
Dr. James P. Wicksted, Director

I.  ACTIVITIES NARRATIVE

Through its multidisciplinary structure, the OSU College of Arts and Sciences  Center for Sensors and Sensor Technologies (CSST) brings together faculty from Oklahoma colleges and universities to develop strategic alliances and partnerships among educational institutions, government agencies, business and industry and to identify and develop applications for next-generation sensor technology.  The Center was established just over two years ago and in a short time, has developed collaborations with more than 50  faculty members representing OSU, the University of Oklahoma, Tulsa University and the University of Texas Medical Branch, Galveston, as well as with numerous industrial partners.  

One of the current major thrusts in Oklahoma government and higher education circles is promoting economic development aimed at the creation of new high-technology companies and jobs.  The CSST is playing an integral role in this effort by identifying and encouraging collaborative projects with a strong commercialization potential among OSU, other institutions, government agencies and private industries.  

The OSU administration has clearly indicated its support for multidisciplinary scientific research with commercialization potential.  According to OSU President James E. Halligan, “OSU is committed to strategic alliances and partnerships with educational institutions, government, business and industry to enhance technology transfer and economic development.”

OSU is cooperating with the City of Stillwater and Meridian Technology to establish the Oklahoma Technology and Research Park, which will provide excellent opportunities for industry product development and additional vehicles for University-Industry collaborations.  The first industrial tenant at the park is Nomadics, Inc., a CSST industrial collaborator.  It is apparent that Oklahoma has a good climate for economic development, and it is imperative that OSU and the State take advantage of this opportunity by capitalizing on the cutting-edge technology that exists right here on our campus.

The CSST has been proud to support some very exciting research over the past four years.  Several of our SEED grants have enabled faculty to conduct sensor-related research and to obtain external funding, make presentations, submit and publish research articles and support students toward graduate degrees.  

The major focus areas of the CSST are the development and application of sensors related to bioterrorism, sensors for detecting chemical agents, environmental, chemical, biomedical, and radiation sensors.  The following chart summarizes several projects within these areas, which are sensing chemical and biological warfare agents including bacterial sensing (yellow); environmental sensing (light green); biomedical sensing needs based on optical and nanoparticle materials (dark orange); and radiation sensors and dosimeters (violet). It should be noted that there is some overlap among these projects.
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Several faculty are conducting research on the detection of chemical and biological agents that is directly related to the goals of the Oklahoma City National Memorial for the Prevention of Terrorism, spearheaded by the OSU Office of the Vice President for Research.  The CSST was a participant in a proposal that was funded by the MIPT, “Networked Terrorism Detection System,” a collaborative effort headed by Dr. Kenneth Clinkenbeard, OSU College of Veterinary Medicine.

The CSST also helped secure an EPA EPSCoR grant that supports the investigation of pollutants in groundwater using metalo-enzyme techniques.  Other environmental effects are also being investigated by CSST collaborators, for example, deformities found in certain species, such as the frog, which are now being blamed in part on the amount of UV radiation coming through the atmosphere.  Utilizing the research here at OSU, a carbon-doped sapphire material is now available for measuring the amount of UVB radiation in areas near ponds where such species reside.  

Variations on the UVB device are being pursued for biomedical applications, such as measuring the dosage that normal tissue receives in cancer patients undergoing radiation therapy, an effort that received  CSST support.  Related to these efforts, Oklahoma State University officials recently licensed the use of a new ultraviolet measuring device to Nextep Technologies, Inc., a Stillwater firm.  The agreement gives this high-tech Stillwater firm, headed by Art Lucas, a Stillwater resident and president, the ability to commercialize an OSU invention that may revolutionize the way ultraviolet radiation is measured.  The device was invented by Dr. Steve McKeever, OSU regents professor of physics and associate dean for research in the College of Arts and Sciences, Dr. Les Colyott and Dr. Mark Akselrod.  The dosimeter can be used to measure UV-B radiation in industrial, medical and environmental settings, among other places.  The dosimeter was developed with seed funding assistance from the OSU A&S Center for Sensors and Sensor Technologies and through funds the CSST helped obtain from the OSU Vice-President for Research for economic development in Oklahoma.  

Other medical applications involve a collaboration with LifeSensors, Inc., an Oklahoma biotechnology company, to investigate the need for measuring intracranial pressure in patients experiencing head injuries or other brain dysfunctions.

Recently, the CSST established collaborations among scientists and engineers at OSU, the University of Oklahoma and the University of Tulsa to further research in chemical and biological sensing as it relates to bioterrorism and confined animal facilities.  This effort resulted in  an NSF EPSCoR preproposal that was use one of two (out of a total of 14) selected by the state for full NSF proposal development.  The CSST proposal received mostly good and excellent reviews from NSF; however, the proposal was not funded.  The program manager stated in an email response that the critical issue as to why we were not funded was that “you’re already too good for support under the EPSCoR program.”  Although we were disappointed with this result, we are now developing the joint proposal for funding under a regular NSF program.  Several collaborators will be visiting NSF in the near future (this trip is being supported by Dr. Lee Williams, Oklahoma EPSCoR director) for further discussion with several program managers.

The demand for new sensors and sensor technologies in the environmental, chemical and biomedical areas is apparent, and the CSST is positioned to meet this demand by working to transfer basic research ideas generated in academic labs to economic growth and development for Oklahoma and the U.S.  As we approach the 21st century, the CSST will continue to build on existing strengths and to focus on the development and application of new, emerging sensor technologies.

The CSST also played an important role which aided in the $19 million appropriate to OSU to enhance the infrastructure required for bioterrorism research in the areas of food, water and air safety.
II.  CSST SEED FUNDING ACTIVITIES

A.  Calls for Proposals

The Center issued its first Call for Proposals in 1998 to OSU faculty conducting research in sensor-related areas.  Proposals are accepted on a continuous basis.  The seed funding is used to enhance faculty potential to obtain funding from external sources (state, federal and private) and has also been used to support students toward graduate degrees.  This call has resulted in the funding of 21 proposals from 4 different colleges and 8 different departments and/or schools for a total of  $179,911 distributed across campus.  (See B. Seed Proposals Funded)

In October 1999, the CSST issued a second Call for Proposals.  Two proposals from two colleges and two departments were funded for a total of $19,954.

In October 2000, the CSST issued a third Call for Proposals.  Two proposals from two departments in A&S were funded for a total of $20,000.

In October 2001, the CSST issued a fourth Call for Proposals.  Two proposals from two colleges and two departments were funded for a total of $15,000.

The Center also issued  a Call for Capability Statement information in cooperation with the Office of the Vice President for Research.  This information will be used to formulate a Capability Statement to be presented to Halliburton Energy Services, Duncan, OK. Halliburton has a very strong interest in sensors related to oil well production.  There is a need to sense high temperature and  high pressure, information on inclination and attitude of the drill, vibration and fluid flow, and real-time information at the drilling site.  Halliburton is specifically interested in using fracture geometry to stimulate an oil well.  A sensor that could function in the harsh downhole environment and image the fracture would be extremely beneficial during the fracturing procedure.  The industry has also expressed interest in an analytical chemistry sensor downhole that can differentiate between drilling mud and oil hydrocarbons some 10,000 feet below the surface.  We believe that such cutting-edge sensor technology with the potential for commercialization may exist here on the OSU campus.  The Center received responses from interested researchers in the Departments of Chemistry;  Microbiology and Molecular Genetics;  and Physics; and the Schools of Electrical and Computer Engineering; and Mechanical and Aerospace Engineering.

B.  Seed Proposals Funded

One objective of the CSST is to provide seed funds for sensor-related research.  In the two Calls for Proposals issued, the Center has awarded SEED grants to the following researchers in 9 different departments and/or schools in 4 different colleges.  Each Principal Investigator is  expected to submit a project summary and to write a proposal generated from the seed money to obtain external funding.  The following entries provide information about the individual seed proposals funded through the CSST.  Thus far, the recipients of the $179,911 in seed proposal funding from the first Call for Proposal have been successful in securing over $2,500,000  in external funding.

· Allen Apblett, Chemistry, “Development of Chemical Sensors Using Innovative Matrices,” $9,187.

Abstract:  The PI’s extensive experience in inorganic polymers and materials chemistry will be used to achieve the following  objectives: 1) preparation of colorimetric sensors for aqueous methanol, gaseous ammonia, Fe2+, Pb2+ and pH based on a) sensing reagents encapsulated in zinc oxysalt cements and b) sensing reagents covalently-bound to alumoxane polymers; 2) demonstration of superior response time, leach-resistance and stability of the sensors compared to other inorganic systems, and 3) use of the research results to prepare manuscripts and proposals to appropriate agencies such as DOE (actinide sensors), NSF or EPA (heavy metal sensors), or USDA (methanol, pH, and metal sensors for foodstuffs).

· James T. Blankemeyer, Microbiology & Molecular Genetics, “Detection of Pathogenic Bacteria,” $6,000.

Abstract:  The goal of this project is the development of the technique to detect single pathogenic or harmful bacteria on surfaces and to differentiate the harmful bacteria from non-pathogenic strains.  Objective 1:  Construction of artificial membrane systems including bilayer lipid membranes (BLM) and liposomes.  Completion of this objective will provide the model systems for accomplishment of objective 2.  Objective 2:  Development of preliminary data to support extramural application to USDA, Army and others.  This data includes development of preliminary data on the effect of toxins on artificial membrane systems.  Use of multiple types of toxic products will validate and strengthen the extramural proposal.

· Jeffrey Hadwiger, Microbiology and Molecular Genetics, “Dictyostelium-based Biosensor of Mammalian Signals”, $7,500.

Abstract:  The goal of the proposed research is to establish a microbial biosensor system capable of detecting signals (e.g., hormones, neurotransmitters, chemokines, etc.) that regulate critical processes in humans and other mammals through the activation of G protein-coupled receptors.  The biosensor will be potentially useful for medical assays by providing rapid detection of mammalian signals in blood or other bodily fluids.  This biosensor is also likely to provide a low-cost alternative to the high-throughput signaling assays used to characterize pharmaceutical products that modulate the reception of these signals.  The scope of the proposed study is limited to a single human signal as a test case but he number of different human signals that could be potentially detected is greater than 1200, based on the number of identified G protein-coupled receptors in humans.  This biosensor is likely to provide a low-cost alternative to the high-throughput signaling assays used to characterize pharmaceutical products that modulate the reception of these signals. 

· James Harmon, Microbiology & Molecular Genetics and Department of Physics
1) “Chemical Solid State Sensors,” $8,000.

Abstract:  The proposed research is directed to the detection of biological molecules and other biologically-derived molecules using specific detector/indicator molecules that exhibit altered spectrophotometric and fluorometric characteristics upon interaction with the target molecule.  We believe a multi-target detection system with real-time detection of specific molecules in a complex mixture can be developed using our technology.  The ultimate goal is a small device (perhaps small enough to fit in a pocket; prototype on drawing board) to detect chemical and biological agents, including CBD/CBW agents, in real-time.

2) “Rapid Determination of DNA Sequences Using High Speed Absorbance and Fluorescence Spectroscopy,” $3,000.

Abstract:  The proposed research involves the use of a rapid scanning spectrophotometer/fluorometer to detect the binding of fluorescently-labelled nucleotides to non-double stranded DNA.  Hydrogen bonding of the fluor-labelled nucleotide to the base in ssDNA in place of its double-stranded partner should change the fluorescence and absorbance spectra of the attached fluor.  Thus the binding of the fluor-nucleotide is signaled by a change in fluorescent output and absorbance of the attached fluor-nucleotide.

3) “Detection of Chemical Agents by a Biodiffractor”, $3,000.  

Abstract:  This research will investigate the possibility of incorporating absorbance and fluorescence spectroscopy with measurements of refractive index of reactive thin films on exposure to chemical anlytes to identify very low levels of chemicals.  The goal is to obtain preliminary data sufficient to submit a large grant to further develop this sensor, possibly as a detector of chemical warfare agents or environmental pollutants.  We can currently measure some analytes in real time at the nanomolar level (25 ppb)/ our goal from this and other research is to improve this level 10-fold.

· David Janz, Zoology, “Development of an In Vitro Biological Sensor for Assessing Ovarian Toxicants in Fish,”  $9,958.

Abstract:  This research will develop a novel biological sensor to identify and evaluate reproductive toxicants discharged into aquatic systems from industrial and domestic sources.  Primary culture of catfish (Ictalurus punctatus) ovarian follicular cells will be established and utilized to determine the potential for aquatic contaminants to stimulate atresia (i.e. apoptotic cell death) and perturb steroidogenesis.  This in vitro biological sensor will be an important tool in the assessment of ovarian toxicants that act via disruption of reproductive endocrine homeostasis in fish.  

· Nicholas Kotov, Chemistry, “Supramolecular Complexes of Semiconductor Nanoparticles,” $10,000.

Abstract:  Following the theoretical requirements of electron level coupling on a semiconductor surface, a method of synthesis for a new type of supramolecular compound (Q-complexes) constructed from semiconductor nanoparticle and transition metal complexes is proposed.  On the basis of optical and NMR spectroscopic data, one can conclude that electrons of nanoparticles are partially delocalized in the MC adsorbed on their surface, which results in emergence of new absorption, emission and NMR bands.  Characterization of Q-complexes will include UV-VIS absorption, UV-VIS fluorescence spectroscopy, FTIR, and time-resolved emission spectroscopy.  The investigation of temperature dependence of the observed optical effects and nonlinear optical properties (THG) will permit us to 1) better understand the delocalization phenomena, and 2) optimize the structure to obtain high polarizability materials.  Supramolecular structures with high polarizability will be used in the design of advanced materials and devices for optics and electronics.

· Nicholas Kotov, Chemistry, & Jerzy Krasinski, Electrical and Computer Engineering, “Self-Assembled Films for Optic Fiber Sensors”  $10,953.

Abstract:  The goal of this project is to extent the area of potential application of the layer-by-layer (LBL) technique to preparation of various optical sensors based on optical fiber technology.  Despite obvious benefits of application of LBL film preparation techniques to sensor design, the development of this area is still in a rudimentary state.  therefore, our primary objectives are the following: 1) to develop appropriate procedure of LBL deposition as applied to optical fibers; 2) to demonstrate feasibility of creation of fiber optical sensors by LBL; and 3) to determine the possible problems connected to selectivity or sensitivity of produced devices, which are to be solved in the future work on this application. 

· Charles MacAllister, Veterinary Medicine, & David Freeman, Animal Science, “Development of a Prototype Sensing Device to Measure the In-Vivo Gastrointestinal pH in Horses,”  $5,000.

Abstract:  The objective of this study is to develop a miniature sensor prototype that will provide in vivo gastrointestinal pH measurements and transmit this data to a nearby recording device. The development of a sensor prototype will allow for initial testing in horses and to obtain preliminary data on the pH of the horse’s digestive tract.  In addition, once the prototype  pH sensor is developed, this same unit can be adapted to obtain specific ion concentrations and/or other physiologic measurements.  

· Ulrich Melcher, Biochemistry and Molecular Biology, and Alexander Lai, Microbiology and Molecular Genetics, “Multiple Virus Detection Sensors”, $7,500. 

Abstract:  The long range goal of the research is development of a single sensor that allows detection and identification of viruses in environmental samples.  The immediate goal of research to e conducted in this project is to explore the discriminatory power of oligonucleotides to detect and identify viruses in the environment.

· Stephen McKeever, Physics, & Kenneth Bartels, Robert Bahr & George Henry, Veterinary Medicine, “Development of an In-Vivo Near-Real-time Radiation Sensor for Use in Radiotherapy,”  $6,000.

Abstract:  We request seed funding to develop a near-real-time, surface or in vivo radiation dose sensor for radiation oncology.  The system will use he phenomenon of Pulsed Optically Stimulated Luminescence (POSL) from Al2O3:C, a technique recently developed and refined for radiation dosimetry in the PI’s laboratory (3 patents pending).  The concept for radiotherapy dosimetry is that phosphor samples will be made which are small enough to be located either at specific points on the surface of the patient’s body, or inserted in vivo into appropriate body cavities during exposure of the patient to radiation during therapy.  Each phosphor will be attached to the end of a fiber optic light guide.  During exposure to radiation, the Al2O3:C phosphors will be addressed remotely, using the fiber optic light guides to direct stimulating light onto the phosphor and to guide the emitted luminescence back to the detector.  The sensors will be continually addressed, providing near-real-time, surface or in-vivo measurements of absorbed dose during radiotherapeutic exposure.  The system will be tested on laboratory animals at the OSU Veterinary Teaching Hospital department of radiology.  The requested funding will be used to build and test several bench-top test systems to gain initial experience with the concept before submitting requests for more substantial funding to state, federal or private sources.  If successful, the device will have strong technology transfer and commercialization potential.

· Nicholas F. Materer, Chemistry, “Feasibility of an In Situ Non-Invasive Real-Time Emission Based Optical Sensor for Plasma Processing of Semiconductors”  $9,954.

Abstract:  The goal of this project is to develop an optical sensor based on emissions from neutral excited-state species formed during ion-enhanced etching of semiconductor surfaces.  A simple sensor is envisioned utilizing a combination of optical filters and a charge coupled array detector (CCD).  The ideal sensor would provide real-time control of the plasma environment to optimize the etch rate, while simultaneously minimizing plasma-induced damage.  High etch rates are critical to maintain the production volume required to offset the high capital equipment cost.  However, high etch rates also require harsh plasma conditions in the etching reactor thus resulting in greater potential for damage to the wafer and a lower yield of the final product.  By quantitative measurements of the excited state populations of gas phase etch products, it will be possible to directly measure etch rates in real time.  In addition, real-time measurements of the multiple excited states of both etch products and plasma species will quantify the energy transfer between the plasma and the surface.  This information, even if not completely understood at the microscopic level, can be used in a feedback loop to control the plasma environment to maximize the etch rate and minimize the plasma-induced damage.  The control of the plasma environment, in the case of a helicon plasma source used in advanced manufacturing applications, can be realized by manipulating the microwave power and the radio-frequency bias supply.

· Robert V. Miller, Microbiology and Molecular Genetics, “A Bacterial Virus-Mediated Biosensor for Detection of Pathogenic Bacterial Species in Foods,”  $10,000.

      Abstract:  The overall goal of this research program is the development of a suite of          bacteriophage-based bioluminescent bioreporters for the detection and monitoring of pathogenic bacterial species in raw or minimally processed fruits and vegetables.  The goal of the research covered by this proposal is to demonstrate the feasibility of this approach by producing a single, model bacteriophage system for Pseudomonas aeruginosa, an opportunistic pathogen often found on fruits and vegetables.  The data obtained here will be used as background information for applications to federal agencies to support a broader program aimed at producing similar systems for other pathogens of importance.  NASA has expressed interest in the concept as a method of identification of pathogens on foods and perhaps water supplies for space missions.  The current project is designed to provide a “proof of concept” model.  The project is in collaboration with Drs. Ripp and Sayler of the Center for Environmental Biotechnology (CEB) at the University of Tennessee, Knoxville.  The Tennessee group will develop the hardware for the detection system.  My laboratory will construct and do the preliminary testing of the engineered bacterium and bacteriophage for the model detection system.

· Satomi Niwayama, Chemistry, “Development of a Novel Chemical Methodology for a Discovery of Antiangiogenesis Drug as a Sensor to Uncover the Mechanism of Angiogenesis,” $10,000.

Abstract:  The goal of this proposed research is to develop a novel chemical methodology for discovery of a new anticancer drug as a novel sensor to dissect the mechanism of angiogenesis, which is implicated in a variety of cancers.  Small, cell-permeable organic molecules that exhibit specific biological activities or cellular effects have proven to be useful probes of various biological processes and powerful tools for dissecting molecular mechanisms of signal transduction pathways.  This is made possible by the fact that small organic molecules often manifest their biological effects through their highly specific interactions with macromolecules such as proteins in the cell, resulting in the inhibition of the normal functions of the macromolecules.  Thus, through identification of the molecular target or receptor of a small organic molecule, it is possible to gain new insight into the biological processes that are modulated by the organic molecule, and hence such an organic molecule can serve as a sensor for the biological processes.  If the organic molecule is a drug or a drug candidate, studies to discover such a sensor will serve dual purposes:  to benefit biology by providing a deeper understanding of biological processes and to benefit medicine by helping improve the specificity and lower the toxicity of the drug.

· David Peakheart, Physics, “Growth of LuLlF4 for Remote Sensing Applications,”  $9,598.

Abstract:  This proposal is to develop crystal growth of the fluoride laser host material lutetium lithium fluoride in order to study the functional characteristics of the rare earth doped material as a laser gain medium.  Many lasers operate and are currently being developed for operation in the ultraviolet and in the infrared region of the spectrum.  These applications include altimetry, ranging, low-altitude wind shear, and atmospheric remote sensing which includes detection of such aerosols as CO, Doppler LIDAR wind sensing and water vapor profiling.  Other applications for the rare earth doped material operating as a laser gain medium would include communications and medical applications.  Crystal growth of the material LuLiF4 (LuLF) is the focus of this proposal.  Successful growth of this material at Oklahoma State University will not only develop a broader repertoire of optical materials grown in the Crystal Growth Laboratory but will also be an aid in grant competitions and other future projects. 

· Mario Rivera, Chemistry, “Removal of Heavy Metals from Waste Water Using Metallothioneins Immobilized on Mineral Substrates,”  $12,000.

Abstract:  Environmental pollution by toxic metals is a widespread environmental problem generated by different important economic activities such as industrial and agricultural processes.  Toxic metals that are transported or discharged into the environment as a result of these human activities can generate significant environmental, economic and public health problems.  Removal of toxic metals (heavy metal ions) from water is normally accomplished by a variety of different methods, i.e. ion exchange, reverse osmosis, solvent extraction, and membrane separation.  A general problem encountered with the above mentioned methods is that in many situations, they cannot reduce the concentration of heavy metals to concentrations that meet regulatory standards.  We propose to immobilize metallothioneins (proteins known to possess extremely high affinities for heavy metal ions) in novel inorganic materials, such as layered micro-porous aluminosilicates.  In this manner, we intend to capitalize on the chemical inertness and high mechanical properties offered by an inorganic support (aluminosilicates) and the extremely high affinity of metallothioneins for heavy metal ions.  Metallothioneins are relatively small proteins (MW=7000 D) which bind heavy metals due to their large content of the sulfhydryl-containing amino acid, cystein.  Furthermore, metallothioneins are extremely stable proteins that are known to release heavy metals when exposed to pH values lower than 3.0.  Subsequent raising the pH back to values higher than 4.0 results in re-binding of the heavy metal ions.  It is noteworthy that metallothioneins can undergo these pH cycles several times without significant loss in activity, i.e., heavy metal binding.

· Albert Rosenberger & Donna Bandy, Physics, “Evanescent-Wave Sensor Using Microsphere Whispering-Gallery Modes,”  $18,350.

Abstract:  The goal of this project is to demonstrate the feasibility of using dielectric microspheres as optical evanescent-wave sensors (microsensors).  These microspheres have high quality factors that can make such microsensors orders of magnitude more sensitive than ordinary evanescent-wave sensors.  We will show that such microsensors will be able to detect environmentally important atmospheric trace gases with a sensitivity equivalent to that of a hundred-meter path length multipass cell, but using a sphere less than a millimeter in diameter.  The proof-of-concept to be accomplished in this work will involve the detection of carbon monoxide and carbon dioxide using absorption on ro-vibrational overtone and combination-and transitions in the vicinity of 1.57 micron wavelength.  The optics in this spectral region is well understood, but the molecular absorptions are relatively weak; nevertheless, the sensitivity to both CO and CO2  is expected to be about a hundred parts per million (the level detected by a household CO sensor).  When this is shown to be feasible, however, we will propose to extend the same techniques to use the stronger transitions in the mid-infrared (around 4.6 (m for CO), where the sensitivity is expected to be about a part per billion.  The sensitivities quoted above are for direct absorption measurements; using wavelength-modulation spectroscopy, which can be implemented with these microsensors and will be included in future proposals, two or three orders of magnitude improvement in sensitivity can be expected.

· Phillip Woods, Veterinary Medicine, “Detection, Storage and Analysis of Cardiac Electrical Activity from Horses Moving at High Speed,”  $7,736.

Abstract:  The goal of this project is to design and construct a digital recording device that will facilitate remote collection of cardiac electrical impulse data from racehorses during high speed exercise in a racetrack environment.  The stored data will later be downloaded to a computer for analysis and printing.  The device will store data for a reasonable length of time until it can be downloaded into a computer for analysis.  The sensing device will be small, rugged, low cost and easy to use.

· B.W. Yeigh, Civil & Environmental Engineering, “Stability of MEMS Cantilevers,”  $7,793.

Abstract:  The PI has spent the past four years developing a stability theory for systems which contain material and geometric irregularities or imperfections in mechanical and structural systems.  With this theory the PI will examine durability and robustness issues for MEMS cantilevers.  The stability theory is based on an experimental finding that small imperfections can have detrimental effects on mechanical and structural systems.  The study will examine whether it would be feasible to design probe tips, which can measure surface force and friction accurately.  The goals are 1) to increase an understanding of the sensor processes for micro- and nanodevices, and 2) to prove a new and novel measurement methodology (in surface forces and friction).  Objectives are 1) to develop a consistent mathematical description for MEMS cantilevers for surface force and friction measurements, and 2) to identify critical parameters in MEMS cantilever design for experimentation through design of experiments.

C.  Proposals Submitted Related to Seed Funding

As a result of receiving CSST seed funding, each Principal Investigator is  expected to submit a project summary and to write a proposal generated from the seed money to obtain external funding.  The following proposals have been submitted for external funding.

· Jeffrey Hadwiger, Microbiology and Molecular Genetics, “Specificity of G-Protein Signal Transduction Pathways”, NSF, 302,565.
· Jeffrey Hadwiger, Microbiology and Molecular Genetics, “Specificity of G-Protein Signal Transduction Pathways”, OCAST, 135,000.
· H. James Harmon, Physics, “Real-Time Detection of Biological Warfare Agents”, OCAST, $135,000.
· James Durham, Colorado State University; Mark Akselrod, Landauer, Inc., Steve McKeever, OSU Physics, “Development of Innovative and Improved Technologies for Subsurface Contaminants,” U.S. Department of Energy, $____________.

· S.W.S. McKeever, Physics, “Advanced Luminescent Radiation Sensor for Bioengineering & Environmental Monitoring, University of Washington, $240,000.

· David M. Janz, Zoology, “Field Evaluation of Impaired Reproductive Endocrine Function in Feral Fish Populations,” Water Environment Research Foundation, $227,774.

· David M Janz, Zoology, “Endocrine and Environmental Control of Ovarian Follicular Atresia in Fish,” National Science Foundation CAREER Program, $497,944.

· David M. Janz, Zoology, “The Relevance of Toxicant-Induced Ovarian Cell Apoptosis to Reproductive Impairment in fish,” Environmental Protection Agency STAR Program,  $331,126.

· Nicholas A. Kotov, Chemistry, “Barium Ferrite Layer-by-Layer Assembled Films for High Density Magnetic Recording,” Seagate Technologies, $155,000.

· Nicholas A. Kotov, Chemistry,  “All-fiber magneto-optical devices based on layer-by-layer assembled films,” National Science Foundation, $290,000.

· Nicholas A. Kotov, Chemistry, & Jerzy S. Krasinski, Electrical & Computer Engineering, “An All-fiber Faraday Rotator from Nanostructured Hybrid Films,”  National Science Foundation, $280,000.

· Nicholas A. Kotov, Chemistry, & A. Rosenberger and D. Bandy, Physics, “IR laser based on Semiconductor Nanoparticles,”  OCAST/OARS.

· Nicholas A. Kotov, Chemistry, & E. Knobbe and CMS Technotronics, “Nanostructured Films for Corrosion Protection and Release-on-Command active corrosion inhibitors,”  AFOSR/STTR .

· Nicholas A. Kotov, Chemistry, & Nomadics, “Broadband Photovoltaic Nanoparticle Modules,”  AFOSR/SBIR.

· Nicholas A. Kotov, Chemistry, & Drs. Motamedi,  Oraevsky & Wicksted, “Nanoparticle conjugates for breast cancer detection by means of optical computer tomography,”  Susan Komen Foundation.

· Nicholas A. Kotov, Chemistry, & Drs. Motamedi, Oraevsky & Wicksted, “Nanoparticle conjugates for breast cancer detection by means of optical computer tomography,”  National Medical Testbed Agency.

· Nicholas A. Kotov, Chemistry, & Nomadics & W. Chen, “Immunoconjugate Luminescent Sensors Based on CdTe/CdS Nanoparticles,”  ARO.

· Nicholas A. Kotov, Chemistry, & Dr. X. Peng, et al. & U. Arkansas, “Acquisition of a High Resolution Transmission Electron Microscope,”  NSF/MRI.

· Nicholas A. Kotov, Chemistry, “Nanoparticle Immunoconjugates for Cancer Therapy and Diagnostics,”  NIH.

· Nicholas A. Kotov, Chemistry, & Drs. Finn, LoPresti, Ford, Wicksted & Rickords, “Nanoparticle assemblies for Photoinduced coupling of with Ganglion Cells,”   NSF/NIRT.

· Nicholas A. Kotov, Chemistry,  “Flat Panel Display based on Nanoparticle Thin Films,”  OCAST/OARS.

· Nicholas A. Kotov, Chemistry, & Drs. Knobbe, Metroke & Kachurina, “Nanostructured Layer-by-layer assembled films for corrosion protection,”  DEPSCoR.

· Nicholas A. Kotov, Chemistry, & Drs. Finn & LoPresti, “Nanoparticle Thin Films for Retina Modeling,”  DEPSCoR.

· Nicholas A. Kotov, Chemistry, & Drs. A. Rosenberger & D. Bandy, “IR Laser from Nanostructured Materials,”  DEPSCoR.

· Nicholas A. Kotov, Chemistry, & Drs. Ford, Wicksted, Song, Materer, Apblett & Peakheart, “Acquisition of the solid immersion lens microscope.”

· Nicholas A. Kotov, Chemistry, “Nanostructured Protective Materials, ARO.

· Nicholas A. Kotov, Chemistry, & Bob Hilley, Nomadics, Inc., “Light-Emitting Diodes from Nanoparticles,” AFSOR.

· Nicholas A. Kotov, Chemistry, “Light-Emitting Diodes from Nanoparticles,” OCAST.

· Nicholas A. Kotov, Chemistry, and Nomadics, Inc., “Optical Sensors Based on Nanoparticle Immunoconjugates”, Phase II SBIR, NSF, $500,000.

· Nicholas A. Kotov, Chemistry, “Preparation of Biocompatible Implantable Biosensors”, The University of Texas Medical Branch, Galveston, $341,958

· R. L. Lochmiller, David M. Janz, Zoology;  N. Basta, Plant & Soil Sciences, “Early Cellular Indicators of Toxicity in Wild Vertebrates,” National Institute of Environmental Health Sciences, “1,650,193.

· A.T. Rosenberger, Physics, “Cavity-Enhanced Evanescent-Wave Sensor Based on Microsphere Whispering-Gallery Modes,”  AFOSR (DEPSCoR).

· A.T. Rosenberger, Physics,  “Microsphere-Based Evanescent-Wave Optical Sensor,”  OCAST.

· A.T. Rosenberger, Physics, “Whispering-Gallery-Mode Nonlinear Optics in a Nanoparticle-Composite-Film-Coated Microsphere,”  NSF.

· A.T. Rosenberger, Physics, “Cavity-enhanced Evanescent-Wave Sensor based on Microsphere Whispering-Gallery Modes,”  NSF.

· A.T. Rosenberger, Physics, “Sensors: Optical Whispering-Gallery Modes for Diverse Sensing Applications”, NSF, $365,178.

· Brian Strecker, Nomadics and A.T. Rosenberger, Physics, “Long Pathlength Sampling Head for Microfluidic Absorption Spectroscopy,”  Department of Energy, Phase II SBIR.

· Satomi Niwayama, Chemistry, “Synthetic Studies of Molecular Libraries for Discovery of Aniogenesis Inhibitors,” Cap Cure Foundation.

D.  Grants Awarded Related to Seed Funding

· Allen Apblett, Chemistry, “Development of Integrating Colorimetric Sensors for Acid Rain,” The ISA Research Trust, $4,869.

· James T. Blankemeyer, Microbiology & Molecular Genetics, “Detection of Low Levels of Pathogenic Bacteria,” OCAST, $135,000.

· H. James Harmon, Microbiology & Molecular Genetics; Physics, “Biodetection of Chemical Warfare Agents,” OCAST, $135,000.

· H. James Harmon, Microbiology & Molecular Genetics; Physics, “Porphyrins as CBD Detector,” US Army, ERDEC, Aberdeen Proving Grounds, $50,000.

· H. James Harmon, Microbiology & Molecular Genetics; Physics, “Porphyrin-Mediated Photocatalytic Degradation of Energetic Materials,” US Army Defense Ammunition Center (McAlester, OK), $122,000 one year with four year funding to continue.

· H. James Harmon, Microbiology & Molecular Genetics; Physics, NASA EPSCoR, $500,000. ??
· H. James Harmon, Microbiology & Molecular Genetics; Physics, “E-Smart Chemical Agent Sensor Development”, General Atomics Corp./US Air Force, $50,400.

· H. James Harmon (Co-PI), Physics, “Field Portable Chip-Based Anti-Terrorism Microanalyzer:, OKC National Memorial Institute for the Prevention of Terrorism, $560,000 (Ashok, Mulchandani, PI, University of California Riverside).
· Nicholas A. Kotov, Chemistry, “Preparation of Magneto-optical Devices and Sensors by LBL,”  Nomadics, Inc., $10,000.

· Nicholas A. Kotov, Chemistry, “New Materials for Photonics,” NSF Faculty Early Career Development Award, $289,760.

· Nicholas A. Kotov, Chemistry,  “Flat panel displays based on nanoparticles, OCAST, $300,000. 

· Nicholas A. Kotov, Chemistry, & Bob Hilley, Nomadics, Inc., “Light-Emitting Diodes from Nanoparticles,” AFOSR, $100,000.

· Nicholas A. Kotov, Chemistry, “Light-Emitting Diodes from Nanoparticles,” OCAST, $100,000.

· Nicholas A. Kotov, Chemistry, and Nomadics, Inc., “Optical Sensors Based on Nanoparticle Immunoconjugates”, Phase I SBIR, NSF, $100,000.

· Nicholas A. Kotov, Chemistry, “Biological Sensors made by LBL”, CIBA Vision, $200,000.

· S.W.S. McKeever, PI, Physics; K.E. Bartels, W.T. Drost & R.J. Bahr, Co-PIs, Veterinary Medicine; “A Near-Real-time Radiation Dosimeter for Radiotherapy,” OCAST, $133,801. 

· Albert Rosenberger, PI, Physics, “Microsphere-Based Evanescent-Wave Optical Sensor,”  OCAST OARS Proof of Concept, $31,138.

· A.T. Rosenberger, Physics, “Microsphere-based Optical Spectrum Analyzer,” NSF (SBIR to Nomadics, Inc.).

· Albert Rosenberger, PI, Physics, D.K. Bandy, and N.A. Kotov, Co-PIs, “Whispering-Gallery Microlaser with Nanocomposite-Film Gain Medium”, NSF, $270,000.

· S.W.S. McKeever, (OSU-PI, system development), Colorado State University (Lead PI, system testing in field), Landauer, Inc., (materials), “Radiation Sensors for Environmental Contamination Monitoring”, Department of Energy, $600,000 for three years ($180,000 to OSU).

· Satomi Niwayama, Chemistry, “CAREER: Synthetic and Mechanistic Development of New Desymmetrization”, NSF, $400,000.
· Brian Strecker, Nomadics and A.T. Rosenberger, Physics, “Long Pathlength Sampling Head for Microfluidic Absorption Spectroscopy,”  Department of Energy, Phase II SBIR, $99,976 ($14,700 to OSU).

E. Publications Submitted and/or Accepted Related to Seed Funding

· F. Aliev, M. Correa-Duarte, A. Mamedov, J. Ostrander, M. Giersig, L. Liz-Marzan and N.A. Kotov, Chemistry, “Layer-by-Layer Assembly of Core-Shell Magnetite Nanoparticles:  Effect of Silica Coating on Interparticle Interactions and Magnetic properties.”  Accepted for publication in Advanced Materials.
· K.K. Chan and B.W. Yeigh, Civil & Environmental Engineering, “Stability of Beams Subjected to Thermal Imperfections.”  Submitted to International Journal of Engineering Science.

· Chen, W.; Sammyneiken, R.; Huang, Y.; Malm, J.-O.; Wallenberg, R.; Bovin, J.-O.; Zwiller, V.; Kotov, N., “Crystal  Field, Phonon Coupling and Emission Shift of Mn2+ in ZnS:Mn Nanoparticles,” J. Appl. Phys., 2001,  89(2),  1120-1129.

· Grant, G.G.S,; Koktysh, D. S.; Bo-Geon Yun, Matts, R. L.; Nicholas A. Kotov, “Layer-By-Layer Assembly Of Collagen Thin Films: Controlled Thickness And Biocompatibility.  Accepted in for publication in  Biomedical Microdevices.

· Liz-Marzán, L. M., Correa-Duarte, M. A.; Pastoriza-Santos, I.; Mulvaney, P.; Ung, T.; Giersig, M.; Kotov, N. A., “The Properties of Core-Shell Nanoparticles and Assemblies Thereof, Handbook of Colloidal Chemistry,”  Ed. K. C. Nalwa, in press, (invited review).  

· N. A. Kotov, Chemistry, “Control of Packing Order of Magnetite Nanoparticles by Microwave Irradiation, Langmuir, November 1998.
· N.A. Kotov, Chemistry, “Layer-by-layer Assembly of Coated and Uncoated Magnetite:  Effect of Coating on Interparticle Interactions.” Submitted to Advanced Materials.

· Luo, C.; Guldi, D. M.; Maggini, M.; Manna, E.; Mondini, S.; Kotov, N. A.; Prato, M.; “Stepwise Assembled Photoactive Films Containing Donor-Linked Fullerenes, Angew,” Chemie Int Ed., 2000,  39(21), 3905-3909.

· M. Mamedov, J. Ostrander, F. Aliev and N. Kotov, Chemistry, “Stratified Assemblies of Magnetic Nanoparticles and Alumosilicates Prepared by the Layer-by-Layer Assembly.”  Langmuir, Vol. 16: 3941-49, 2000.
· Mamedov, A. A.; Belov, A.; Giersig, M.; Mamedova, N. N.; Kotov, N. A.; “Nanorainbow: Graded Semiconductor Films From Quantum Dots,” submitted in J. Am. Chem. Soc,  ja015857q

· Mamedova,N. N.; Kotov, N.A.; Rogach, A. L.; Studer J.  “Protein - CdTe Nanoparticle Conjugates: Preparation, Structure And Interunit Energy Transfer.” Accepted for publication in NanoLetters, nl015519n

· Mamedov, A.; Kotov, N. A., “Free-Standing Layer-by-Layer Assembled Films of Magnetite Nanoparticles,” Langmuir, 2000, 16(13), 5530-5533.  

· Mamedov, A.; Ostrander, J. W.; Aliev, F.; Kotov, N. A., “Stratified Assemblies of Magnetic Nanoparticles and Alumosilicates Prepared by the Layer-by-layer Assembly,” Langmuir, 2000, 16(8), 3941-3949.  

· Murzina, T. V.; Nikulin, A.A.; Aktsipetrov, O.A.; Kotov, N. A.; Ostrander, J. W.; Mamedov, A. A.; Devillers, M.A.C.; Roark, J., “Nonlinear Magneto-Optical Kerr Effect in Hyper-Rayleigh Scattering from Layer-by-Layer Assembled Films of YIG Nanoparticles,” Appl. Phys. Lett., accepted, L00-2121.

· Nagesha, D.; Xiarong, L.; Eastman, M.; Giersig, M.; Ni, T.; Kotov, N. A.; Gainor, G.; Song, J.-J., “Redispersable In2S3 Colloids With Excitonic Emission: Comparison of Luminescence And NMR Characteristics With Those Of CdS Nanoparticles,” submitted to J. Phys. Chem., JP003056O.

· Ostranger, J. W.; Mamedov, A. A.; Kotov, N. A.,  “Two Modes of Linear Layer-by-Layer Growth of Nanoparticle-Polylectrolyte Multilayers and Different Interactions in the Layer-by-layer Deposition.”    J. Am. Chem. Soc., 2001,  123(6), 1101-1110. 

· Pastoriza-Santos, I.; Koktysh, D. S.; Mamedov, A. A.; Giersig, M.; Kotov, N. A.; Liz-Marzán, L. M., “One-Pot Synthesis of Ag@TiO2 Core-Shell Nanoparticles and Their Layer-by-Layer Assembly,” Langmuir, 2000, 16(6), 2731-2735. 

· J.C. Polf, S. Holmstrom, S.W.S. McKeever, and Mark Akselrod, “Characterization of Al203 Fibers for Use in a Remote Fiber Optic Optically Stimulated Luminescence Dosimetry System,”  Accepted for publication in Proceedings of the 13th Solid State Dosimetry Conference.

· J.P. Rezac & A.T. Rosenberger, Physics,  “Locking a microsphere whispering-gallery mode to a laser,” Optics Express.
· J.P. Rezac & A.T. Rosenberger, Physics,  “Locking and laser-frequency tracking of a microsphere whispering-gallery mode,”  Accepted for publication in SPIE Proceedings, Vol. 4270, April 2001.
· J.P. Rezac & A.T. Rosenberger, Physics,  “Locking a microsphere whispering-gallery mode to a laser,” Optics Express.
· J.P. Rezac & A.T. Rosenberger, Physics,  “Locking and laser-frequency tracking of a microsphere whispering-gallery mode,” Accepted for publication in SPIE Proceedings, Vol. 4270, April 2001.
· Rogach, A.L.; Kotov, N. A.; Koktysh, D.S.; Ostrander, J. W.; Ragoisha, G. A., “Electrophoretic Deposition of Latex-Based 3D Colloidal Photonic Crystals: a Technique for Rapid Production of High Quality Opals,” Chem. Mater, 2000, 12, 2721-2726.

· Rogach, A.; Nagesha, D.; Koktysh, D.; Kotov, N. A.,  “Synthesis of “Raisin-Bun”-Type Composite Nanoparticle Spheres,” Chem. Mater, 2000, 12, 2676-2685.

· Rogach, A.; Koktysh, D.; Harrison, M.; Kotov, N. A., “Layer-by-layer assembled films of HgTe Nanocrystals with Strong Infrared Emission,” Chem. Mater., 2000, 12(6), 1526-1528.  

· A.T. Rosenberger & J.P. Rezac,  Physics,  “Whispering-gallery mode evanescent-wave microsensor for trace-gas detection,” Accepted for publication in SPIE Proceedings, Vol. 4265, April 2001.
· A.T. Rosenberger and J.P. Rezac, Physics, “Evanescent-wave sensor using microsphere whispering-gallery modes,”  SPIE Proceedings, Vol. 3930, in press.

· A.T. Rosenberger, Physics, “Nonlinear Optical Effects in the Whispering-Gallery Modes of Microspheres.”  Operational Characteristics and Crystal Growth of Nonlinear Materials, SPIE Proceedings, Vol. 3793: 179 (1999).
· A.T. Rosenberger & J.P. Rezac,  Physics,  “Whispering-gallery mode evanescent-wave microsensor for trace-gas detection,” Accepted for publication in SPIE Proceedings, Vol. 4265, April 2001.
· M. Savabieasfahani,  R.L. Lochmiller and D.M. Janz, Zoology, “Elevated ovarian and thymic cell apoptosis in wild cotton rats inhabiting petrochemical-contaminated terrestrial ecosystems.”  Journal of Toxicology and Environmental Health, Vol. 57: 101-107 (1999).
· B.J. White, J.A. Legako, and H.J. Harmon, “Reagentless Detection of a Competitive Inhibitor of Immobilized Acetylcholinesterase”, Biosensors and Bioelectronics 17, 361-366 (2002).

· B.J. White and H.J. Harmon, “Interaction of Monosulfonate Tetraphenyl Porphyrin, a Competitive Inhibitor, with Acetylcholinesterase”, Biosensors and Bioelectronics 17, 463-469 (2002).
F.  Presentations Made Related to Seed Funding

· J. T. Blankemeyer, Microbiology & Molecular Genetics, “Detection of Bacteria by Fluorescence,” Missouri Valley ASM, Tulsa, OK. 

· D. M. Janz, Zoology,  “Elevated ovarian follicular cell apoptosis and stress protein expression in fish exposed to pulp mill effluents,”  Society of Environmental Toxicology & Chemistry, Charlotte, NC.

· D.M. Janz, Zoology, “Elevarian and thymic cell apoptosis in wild cotton rats inhabiting petrochemical-contaminated terrestrial ecosystems,” Society of Environmental Toxicology & Chemistry, Cardondale, IL.

· N.A. Kotov, ACS meeting, San-Diego, April 2001.

· N.A. Kotov, Nanoparticles 2001, Orlando, February 2001.

· N.A. Kotov, LB9, Potsdam, Germany, August 2000.
· N. A. Kotov, Chemistry, “Control of Lateral Order in Self-Assembled Films of Magnetic Nanoparticles,” NANO98, Stockholm, Sweden.

· N.A. Kotov, Chemistry, “Organized 1D and 2D Assemblies of Magnetite Nanoparticles,” Materials Research Society, Boston, MA,

· N.A. Kotov, Chemistry, “Chalcogen Modification of Semiconductor Nanoparticles, Materials Research Society, Boston, MA.
· N.A. Kotov, Chemistry, “Chalcogen Modification of Semiconductor Nanoparticles, ACS Meeting, Anaheim, CA.
· N.A. Kotov, Chemistry, “Chalcogen Modification of CdS, CdSe, and Bi2S3 Nanoparticles,”  ACS Meeting, Anaheim, CA.
· N.A. Kotov, Chemistry,  “Materials on the Basis of Layer-byLayer Assembled Nanoparticles, ACS Meeting, New Orleans, LA.
· N.A. Kotov, Chemistry, “Electronic Conjugation and Optical Effects in Chalcogen Modified Semiconductor Nanoparticles, ACS Meeting, New Orleans, LA.
· N.A. Kotov, Chemistry, Invited Presentation, Wichita State University, Department of Chemistry.
· N.A. Kotov, Chemistry, “Layer-by-Layer Assembly of Nanoparticles,” ACS Meeting, San Francisco.
· J.C. Polf, S. Holmstrom, S.W.S. McKeever, and Mark Akselrod, “Characterization of Al203 Fibers for Use in a Remote Fiber Optic Optically Stimulated Luminescence Dosimetry System,” 13th Solid State Dosimetry Conference, Athens.
· A.T. Rosenberger, Physics, “Locking of a microsphere whispering-gallery resonance to a laser,” Annual Meeting of the Optical Society of America, Providence, RI.
· A.T. Rosenberger, Physics, “Locking and laser-frequency tracking of a microsphere whispering-gallery mode,”, Photonics West, San Jose, CA.
· A.T. Rosenberger, Physics, “Whispering-gallery mode evanescent-wave microsensor for trace-gas detection,”  Photonics West, San Jose, CA.
· A. T. Rosenberger, Physics, “Nonlinear Optical Effects in the Whispering-Gallery Modes of Microspheres,”  SPIE Annual Meeting, Denver, CO.
· A.T. Rosenberger, Physics, “Evanescent-wave sensor using microsphere whispering-gallery modes,” Photonics West, San Jose, CA.

· B.J. White, J.A. Legako, and H.J. Harmon, “Extended Lifetime of Reagentless Detector for Multiple Inhibitors of Acetylcholinesterase”. Biosensors 2002, Kyoto, Japan. May 15-17, 2002.

· H.J. Harmon, “Porphyrins as CB Detectors”. Proceedings of the First Joint Conference on Point Detection for Chemical and Biological Defense, Williamsburg, VA. October 23-27, 2002.

III.  CSST PROPOSAL ACTIVITIES  

A.  CSST Proposals Submitted

The Center promotes and encourages the development and application of sensor technology across a wide range of educational and industrial sectors.  The CSST acts as a catalyst to bring together researchers, manufacturers and users with a broad scope of expertise to address diverse and specific needs for sensor technology.  To further these efforts, the Center coordinates the submission of broader multidisciplinary proposals.  

· Nicholas A. Kotov, Chemistry (OSU-PI), James P. Wicksted (OSU-Co-PI), Main Principal Investigator, James Leary and Main Co-PI, Massoud Motamedi, Drs. Lloyd and Dobson (University of Texas Medical Branch Galveston), Dr. Lvov (Louisiana Tech Univ.), “Nanoparticle Delivery of Repair Enzymes for Radiation Protection/DNA Repair,” NASA/NCI program: Fundamental Technologies for Development of Biomolecular Sensors.  This proposal is just one of seven that will be funded from this joint NASA/NCI program out of the 53 that were submitted.  Total amount of proposed project is $1,500,000 over the three-year period, December 21, 2001 to December 20, 2004.  The OSU amount over this three-year period is $181,782.

Abstract:  Although the primary thrust in nanoparticle research is currently placed on their optical, electrical and magnetic properties and corresponding electronic, opto-, and nanoelectronic devices a new field of biological modification of semiconductor and metal nanoparticles begins to emerge.  This is a very dynamic and rapidly expanding field and yet the list of actual examples of perspective applications of nanoparticles in medicine remains quite short.  Recently, it was demonstrated that nanoparticles attached to DNA and antibodies can be used as a new generation of optical tags for biological diagnostics.  Magnetic nanoparticles are being tested as contrast agents for cancer imaging and treatment.  BiI3 nanoparticles have been proposed for the preparation of >-ray sensitive films for digital X-ray radiology.  Recently, our research group introduced utilization of TiO2 hollow nanoparticles (nanoshells) for neurochemical monitoring.  Further progress of this research field depends on the further development of biomolecule-NP coupling techniques, understanding of their specificity and capabilities, and advancement of product characterization methods.

· Nicholas A. Kotov (PI), Chemistry, James P. Wicksted & Warren Ford,  (OSU), Massoud Motamedi (PI), James Leary, & Burgess N. Christensen, (University of Texas Medical Branch Galveston), “Photoactivated Coupling of Nanoparticle Multilayers and Nerve Cells,” NSF Biophotonics: Collaborative Research.  This proposal received the #1 ranking for all proposals submitted to this program.  The start date is September 1, 2001 and will last until November 30, 2004.  The OSU amount over this three-year period is $336,324 while the UTMB amount is $320,350.

Abstract:  Recent advances in nanotechnology and bioengineering have opened the exciting prospect for promoting direct interaction of electronics, optics and biological systems. The primary obstacle to realizing this goal in the fields of neuroscience and medical devices such as prostheses is the inadequate understanding of the molecular processes involved in coupling between living neurons and nanomaterials, and how to optimize the coupling between man made materials and living systems. In this project, the intent is to investigate the dynamics and mechanisms of the live/lifeless matter interaction in a model system consisting of a thin film composed of nanoparticles and cultured nerve cells. The multi-disciplinary and multi-institutional "Linked Collaborative Proposals " bring together several research groups with broad expertise and research interest to conduct experimental and theoretical studies aimed at characterizing the interaction that occur at the interface of nanomaterials and neurons and optimizing the interface for effective photon-activation of neurons following photonic probing of the interface of nanomaterials that are attached to the cells. The partners at Oklahoma State University lead by Dr. Kotov will carry out the materials science aspect of this project, while the investigation at the University of Texas Medical Branch lead by Dr. Motamedi will concentrate on the bioengineering and electrophysiological components of this work. 

Specifically, the objectives of the project are the following. (1) Preparation of biocompatible nanoparticle multilayers that can be attached to nerve cells. (2) Registration and characterization of the photoinduced nerve cell membrane currents and potentials following optical excitation of the interface as function of NP and biological structures. (3) Optimization of NP-cell coupling for different interface structure.

· Nicholas A. Kotov, Chemistry (OSU-PI), James P. Wicksted (OSU-Co-PI), Main Principal Investigator, Massoud Motamedi, “Optical Coherence Tomographpy for Glucose Sensing”, National Medical Testbed Total amount of proposed project is $200,000 over one-year period.  The OSU amount over this one-year period is $107,830.  pending

Abstract:  Approximately 14 million people in the USA suffer from diabetes mellitus.  The present glucose sensing technique involves a finger puncture several times a day to obtain a droplet of blood for chemical analysis using enzymes. In recent years, enormous efforts have been made to develop non-invasive and minimally invasive techniques for quantifying glucose concentration.  

Applications of optical and spectroscopic techniques for non-invasive monitoring of blood glucose have proven to be rather challenging mainly due to the lack of specificity in these measurements.  Currently, several groups are pursuing the development of implantable sensors and fluorescent probe that are directly sensitive to glucose. The development of a stable and reversible fluorescent probe has not been realized yet.   

Optical coherence tomography (OCT), a rapidly developing technology, is being applied for noninvasive high resolution imaging in tissues.  The technique utilizes the principal of interferometry and sensitive detection of photons coherently scattered from tissue to image tissue morphology with spatial resolution that has not been possible before.  

It has been known for sometimes that increasing glucose level in tissue will result in tissue clearing and deeper penetration of light.  In the current application, we propose the use of high resolution OCT imaging technique to spatially resolve and measure glucose-induced changes in the optical properties of tissue with a high degree of sensitivity. By using a low coherence light source, it is possible to deploy the coherent detection of the backscattered light in order to eliminate the influence of changes in optical properties of surrounding layers of tissue and thus minimizes the impact of local changes in physiological, anatomical and morphological properties of tissue on number of ballistics photons that will probe the region of interest and are detected by interferometric technique of OCT.  By being able to measure optical pathlength in pre-selected region of tissue with a high degree of sensitivity and spatial resolution, the proposed approach offers the potential to eliminate two of the key factors that have significantly slowed the progress in the development of a reliable optical sensor for non-invasive monitoring of glucose.  Our preliminary studies performed in animals (bolus injections and glucose clamping experiments) encourage us to pursue further development and testing of OCT-based glucose sensor. We will optimize the operating parameters and test the performance and reliability of the sensor in animal models and clinical studies in patients with type I diabetes.

Furthermore, the development of an implantable sensor that could be monitored by OCT and may improve the reliability of the measurements while reducing the cost of the monitoring system will be pursued.   A multi-layer polymer-based sensor that will change optical clarity or physical dimension as function of glucose concentration will be fabricated using the latest development in thin film technology, nanoparticle technology and micro-optics manufacturing.  The performance, reliability and biocompatibility of the proposed sensor will be assessed in animal model.  The application of implantable sensor could significantly improve the sensitivity and specificity of optical techniques for non-invasive monitoring of glucose and may lead to the development of cost effective instrumentation for glucose monitoring.   

· The CSST worked jointly with Drs. Jerry Malayer and Ken Clinkenbeard of the College of Veterinary Medicine in securing $2.1 million in 2003 Congressional Funds for applied research titled “Bioterrorism Defense and Advanced Sensors Research”.  This effort is a Congressional Add in Program Element that belongs to budget activity 3 within the Chemical Biological Defense Program.  In Effect.

· Gilbert John, Microbiology (PI), Jim Wicksted, Physics (Co-PI), Nick Kotov, Chemistry (Co-PI), Gary Yen, Electrical & Computer Engineering (Co-PI), “Sensors for detecting xenobiotics and microorganisms”, National Science Foundation.  Total cost of this project is $740,014. pending

Abstract:
We propose a multidisciplinary research program that will address the need to develop a dual biological sensor for the purpose of detecting and identifying xenobiotics and microorganisms in the environment, and to provide undergraduate research experience in the areas of microbiology, chemistry, physics, and computer engineering.  Our proposal addresses two critical areas related to metallo protein and nanoparticle technologies.  The first area specifically addresses the issue of having stable metallo proteins that can maintain their function under various environmental conditions.  The metallo protein (cytochrome P450) from the human liver is normally involved in detoxifying and toxifying a broad range of xenobiotics, thereby the protein can be used to directly link xenobiotics to human toxicity.  Some of these cytochrome P450s are not stable (CYP3A4), compared to stable proteins (CYP1A2).  Therefore, our proposal seeks to develop a method of improving stability of CYP 3A4 using molecular modeling and molecular biology techniques that will increase ion-pair interactions in the protein.  The second area addresses autofluorescence signatures from bacteria that are enhanced by antibody-nanoparticle complexes.  This approach will provide both specificity as well as flexibility in its structure.  The specificity comes in the autofluorescence signature that is unique for a specific type and/or strain of bacteria.  The flexibility comes from using different nanofilm surfaces to detect different bacteria.  So-called designer compounds can adsorb a particular biological (bacteria) very selectively.  Among them are metal complexes, proteins, sugars, biopolymers and others.   The universality of layer-by-layer (LBL) grown nanofilms, which require the molecules to be assembled only to carry a positive or negative charge, makes possible the preparation of thin films with high specificity to the bacteria.  Optimization of efficient energy exchange interactions between the nanoparticle and bacteria will ensure maximum selectivity and sensitivity.  Both technologies are optically based and point detection will rely on intelligent software analysis.  Improvements in the metallo protein and nanoparticle technology will enable the design of the first dual sensor capable of detecting both xenobiotics and bacteria in water, food, and air.

The proposal also seeks to use the advancements in cytochrome P450 and nanoparticle research as a mechanism for training graduate and undergraduates at Oklahoma State University (OSU).  Three Ph.D. students will be supported directly by the grant, and additional students with other support will also participate in the research.  The proposal will target Native American undergraduate students, as they are the largest minority group on campus, but have the lowest success rate for earning science degrees.  All four investigators are experienced mentors for undergraduate research students, and students from OKAMPSMET and HHMI programs will be placed in our research labs.  Two of the investigators are mentors in a proposed AGEP program. 

· James Wicksted, Physics (PI), Warren Ford, Chemistry (Co-PI), Nicholas Kotov, Chemistry (Co-PI), Dirk Guldi, Chemistry, Notre Dame University (Co-PI), “Composite Thin Films of Single Wall Carbon Nanotubes and Polymers”, NSF NIRT.  Total Cost of this project is $1,826,910.  denied

Abstract:
The extraordinary electronic, mechanical and adsorptive properties of carbon nanotubes suggest myriad applications that require modification and assembly of nanotube structures.  This NIRT will purify carbon nanotubes and attach polymers to them for high strength composite films, for photovoltaic materials, for testing the compatibility of the materials with living cells, and for sensors.  The project brings together the expertise of Warren Ford, a synthetic polymer chemist, Nicholas Kotov, a materials chemist, and James Wicksted, a spectroscopist and materials physicist at Oklahoma State University, and Dirk Guldi, a photochemist at the Radiation Laboratory of the University of Notre Dame.  Wicksted will serve as the project manager.  Carbon nanotubes will be modified in the Ford laboratory to enhance their solubility for preparation of films and to bind antenna groups for photovoltaic studies.  The functional nanotubes will be processed into films with high tensile modulus and tensile strength in the Kotov laboratory using layer-by-layer (LBL) assembly of the nanotubes with polyelectrolytes.  Fundamental properties of materials prepared at OSU will be studied for use in solar cells by Guldi at the Notre Dame Radiation Laboratory.  Maruizio Prato of the University of Trieste, Italy, will serve as a consultant to the project for nanotube purification and functionalization and for solar cell construction.  Some of the donor molecules in the photovoltaic materials will be provided by Nazario Martin of the Universidad Complutense in Madrid, Spain.  We also perceive SWNT as a new building block for biomaterials. LBL films of modified SWNT made in Kotov lab will be tested of their biocompatibility in the lab of Robert Matts, a biochemist at OSU.  


Five Ph.D. students at OSU and a postdoc at the Radiation Laboratory will be supported directly by the grant, and additional students with other support will also participate in the research.  Students from OSU will learn research techniques at the Notre Dame Radiation Laboratory and at the University of Trieste.  Kotov and Wicksted will help develop new courses in nanotechnology for undergraduates at OSU.  Kotov will help develop a new short course in nanotechnology for beginning graduate students throughout Oklahoma.  All four investigators regularly mentor undergraduate research students, and LSAMP students will be placed in the OSU NIRT research labs.  Ford and Wicksted are mentors in a proposed AGEP program.  A display on nanostructured materials will be created for Oklahoma's largest science museum, the Kirkpatrick Center in Oklahoma City, and also made available for schools and libraries.  The OSU members of the team will offer publicity about nanotechnology for local news media and presentations for business organizations.  

This proposal addresses the following research and education themes:

Biosystems at the Nanoscale Structures, Novel Phenomena, and Quantum Control

Nanoscale Devices and System Architecture Manufacturing Processes at the Nanoscale.

· N. Kotov (PI), J.P. Wicksted (Co-PI), M. Motamedi (Co-PI), "Bioengineering Nanoparticle-Virus Hybrids for Magnetic Brain-Machine Interface", DARPA:  Brain-Machine Interface.  Total support requested is $4,960,910.  This proposal is a partnership with the Center for Biomedical Engineering, UTMB, Galveston, Texas.  Pending

· “Optical Coherence Tomography for Glucose Sensing.,”  Juvenile Diabetes Foundation International Grant

Collaborators:  M. Motamedi, Director, Center for Biomedical Engineering, The University of Texas Medical Branch, Galveston, Texas; J. Wicksted, Director, Center for Sensors & Sensor Technologies, Oklahoma State University; N. Kotov, Department of Chemistry, Oklahoma State University.   denied.

Abstract:  The development of an implantable sensor that can be monitored by optically and may improve the reliability of the measurements while reducing the cost of the monitoring system will be pursued.   A multi-layer polymer-based sensor that will change optical clarity or physical dimension as function of glucose concentration will be fabricated using the latest development in thin film technology, nanoparticle technology and micro-optics manufacturing.  The performance, reliability and biocompatibility of the proposed sensor will be assessed in animal model.  The application of implantable sensor could significantly improve the sensitivity and specificity of optical techniques for non-invasive monitoring of glucose and may lead to the development of cost effective instrumentation for glucose monitoring.   

· James Wicksted, Physics (PI), James Blankemeyer, Microbiology (Co-PI), Nicholas Kotov, Chemistry (Co-PI), “Optical Detection of Chemical Substances and Bacteria using Nanoparticle Thin-Film Complexes”.  Denied

Abstract:
We propose a multidisciplinary research program to address the detection and identification of biological substances in various media, such as air and water.  This research also has the potential for food quality monitoring. This unique effort combines the expertise and experience of a microbiologist, who holds two patents and is a pioneer in the field of fluorescent dye usage in determining the health of cells; a chemist, who holds several patents in the self assemblage of nanoparticle-based thin films; and a physicist, who is an expert in fluorescence and Raman spectroscopy and their applications to in vivo sensing and who also directs the Center for Sensors & Sensor Technologies.  The sensing techniques will be optically based for point detection and will have the potential for remote determination of analytes.  This research will utilize the exciting new nanoparticle technology to enhance the capability of the detection. 

This project will provide both specificity as well as flexibility in its structure. The specificity comes in the autofluorescence signature that is unique for a specific type and/or strain of bacteria.  This is further enhanced using antibody-nanoparticle complexes.  The flexibility comes from using different nanofilm surfaces to detect different bacteria.  So-called designer compounds can adsorb a particular biological (bacteria) very selectively.  Among them are metal complexes, proteins, sugars, biopolymers and others.   The universality of layer-by-layer (LBL) grown nanofilms, which require the molecules to be assembled only to carry a positive or negative charge, makes possible the preparation of thin films with high specificity to the bacteria.   


Due to the multidisciplinary basis of this project will provide three graduate students with a unique opportunity to study outside of their fields of specialization.   Each student will spend several months in each of the three laboratories involved with this project: learning about micro-fluorescence spectroscopy of bacterial cultures, learning the techniques involved with making layer-by-layer nanoparticle based films, and working on the fluorescence and Raman spectroscopy of thin-film materials.  
· “Advanced Sensors.”  US Army Research Laboratory Collaborative Technology Alliance. 

Collaborators:  CMS Technetronics, Sandia Laboratory, CSST (OSU), CLPR (OSU), Raytheon, SRI, ITT, Penn State Univ.  Amount:    /pending.

· “Networked Terrorism Detection System,” Oklahoma City National Memorial Institute for the Prevention of Terrorism

OSU Collaborators:  College of Veterinary Medicine Department of Veterinary Pathobiology: Kenneth D. Clinkenbeard, PhD, DVM (PI), R. Morton DVM, PhD, J. Wyckoff III, PhD; Department of Physiological Sciences: C. Clarke BVSc, PhD, J. Malayer, PhD, C. Pope,   PhD, College of Agricultural Sciences and Natural Resources, College of Arts and Sciences: Department of Biochemistry and Molecular Biology: R. Essenberg PhD, Department of Chemistry: N. Kotov PhD, Center for Sensor and Sensor Technologies: J. Wicksted, PhD

Collaborative research entities:  University of Rhode Island  College of Pharmacy, Department of Biomedical Sciences: B. Yan PhD; University of California at Davis College of Agricultural & Environmental Sciences, Department of Animal Science: B. Wilson PhD; Massachusetts Institute of Technology Department of Chemistry: Dr. T. Swager; Nomadics, Inc., Stillwater, OK: R. Deans PhD, M. Fox MSME, M. la Grone MSEE, L. Hancock PhD, M. Fisher MS, J Roark BSEE, V. Smith BSEE; Countryside Medical Practice, P.C., Stillwater, OK: J. Radike MD.  $3,000,000/awarded.

Abstract: Project Goals and Objectives: The Department of Justice’s 1999 Program Plan notes that a top need in the area of counter-terrorism is “improved technology for chem-bio agent identification and explosive detection.” The overall goal of this proposal is to develop highly specific approaches for detecting and identifying explosives, nerve gases and BW agents using a unique amplifying fluorescent polymer (AFP) which will greatly increase the speed and sensitivity of detection of explosives and CBW agents and to apply this development to produce a continuous real-time microarray networkable detection system for use against terrorist threats. Specific objectives are: 1) develop probes specific and selective for explosives and prototype CBW agents, 2) functionalize AFPs for detection of prototype agents, 3) produce and test a prototype AFP microarray sensor for explosives and CBW detection, and 4) conduct refinement, application  and commercialization of our MIPT AFP microarray sensor.

Proposed Research Design and Methodology: Currently and in the foreseeable future there is no single detection method able to detect and identify several or most of explosives and CBW agents, therefore, useful explosives-CBW sensors will have to have multiple detection and identification modalities to guard against multiple potential threats. Our proposed solution for this dilemma is to employ a single sensor platform modality (AFP) in a microarray format in which individual wells in the microarray are functionalized for particular explosives or CBW agents. This will be achieved  by coupling probes specific for each agent with AFP such that when a particular CBW agent interacts with a probe that this interaction is translate to the AFP causing the well to fluoresce, and by the location of fluorescing well in the microarray, to identify the agent(s) involved. APF can be adapted to accomplish this objective by coupling the agent-specific probes to an AFP quencher such that the quencher is held in close proximity to the AFP when no target is present, but the quencher is moved away from the AFP when the target interacts with the probe. A similar approach has been developed with a functionalized fluorescing polymer at the Los Alamos National Laboratory (LANL). Our sensor scheme differs from LANL's 1) in that our AFP amplifies the target signal to a much greater extent than does LANL's polymer and is therefore more sensitive, and 2) our quencher is tethered to the AFP so that the sensor surface can be swept clean at set intervals regenerating the ready state of the sensor making it a continuous real-time device.

·  “Application of Spectroscopic Methods for the Detection of Chemical and Biological Agents.”  Oklahoma City National Memorial Institute for the Prevention of Terrorism.  OSU Collaborating Colleges:   Arts & Sciences and Engineering, Architecture and Technology.  Other University Participants:  University of Oklahoma and University of Tulsa.  Industrial Partners:  Nomadics, Inc.  $2,568,198/denied.

Abstract:  The specific aims of the MITP preproposal include the following:

(1) Utilize a multidisciplinary, multi-university group of experts to establish four spectroscopic techniques for sensing chemical and biological warfare agents.  Specifically these are: (i) Terahertz Time Domain and Waveguide spectroscopies for the detection of airborne biological and chemical warfare agents; (ii) Absorption spectroscopy for detecting water-based contaminants using metallo-enzyme-based sensors; (iii) Fluorescence spectroscopy for detecting and distinguishing microorganisms in either air or water, including bacterial genera (e.g., toxic strains of E. coli), which could be used in terrorist activities; and (iv)  Mid-Infrared Tunable Diode Laser Absorption Spectroscopy for detecting volatile organic and inorganic molecules. 

(2) Apply each of these techniques to a standard set of chemical and bacterial samples in order to assess their monitoring capabilities in different media (air, water, food).

(3) Miniaturize several of these techniques varying in sizes from a “loaf of bread” to a handheld prototype.

(4) Maintain focus on research objectives through directed project management techniques using frequent one-on-one, telephone and electronic communications.  Research progress and collaborations among investigators will be enabled through monthly meetings, seminars, research retreats and workshops.  Written quarterly reports will be generated. 

(5) Update research focus through continuously monitoring of domestic and international counterterrorism information and developments.  Dedicate a Web Site to this, which will also tract research progress described in this proposal.

· “Infrastructure for the Center for Sensors and Sensor Technologies:  New Sensors for State and National Needs.”  NSF EPSCoR.  OSU Collaborating Colleges:  Arts and Sciences; Engineering, Architecture and Technology.  Other University Participants:  University of Oklahoma and University of Tulsa.  Industrial Partners:  Nomadics, Inc. and Halliburton Energy Services.  $488,324/24 months/denied.  

Abstract:  NSF support is requested to establish and develop the necessary infrastructure for addressing three critical problems facing Oklahoma and the nation:  i) releasing of toxic environmental/chemical/biota through accidents or acts of terrorism, ii) maintaining the health of livestock and their products in confined environments, and iii) determining the productivity of new and existing oil wells through improved down-hole sensors.  These are complex issues that require multidisciplinary research teams for their successful solutions.  NSF EPSCoR support will be used in large measure to fully develop this initial infrastructure, focusing in the beginning on the development of sensors with immediate relevance to chemical/biological detection in air and groundwater, to food animal production, specifically poultry, cattle and swine, and to down-hole sensors for oil recovery.  Funding will provide instrumentation and personnel infrastructure to be used by the three major Oklahoma universities: Oklahoma State University, University of Oklahoma and Tulsa University.  These funds will allow cooperative partnering among these three institutions, as well as with Oklahoma industries in order to address problems critical to the state and nation.

· “T-ICP System:  Prototype Transition to Pilot Production.”  National Institutes of Health/Small Business Technology Transfer program.  OSU Collaborating Colleges:  Arts and Sciences; Engineering, Architecture and Technology.  Industrial Partner:  LifeSensors, Inc., Noble, Oklahoma.  Phase I, $41,424/12 months; Phase II, $236,529/24 months/denied.

Abstract:  LifeSensors, Inc. seeks to transition its prototype telemetric intracranial pressure monitoring system (T-ICP System) from research and development to pilot-line production.  The T-ICP System will allow, for the first time, long-term ambulatory monitoring of intracranial pressure.  The device will be used by doctors and hospitals treating patients with a variety of neurological diseases and disorders including brain injury, brain hemorrhage, stroke, hydrocephalus, brain tumor and cerebral aneurysm. Working with Oklahoma State University, LifeSensors will pursue the following studies:  a) evaluation of aspects of prototype design and fabrication which could impact sensor operation and mass production processes; b) design and fabrication of customized manufacturing fixtures; c) configuration of an ambulatory monitor and related doctor/hospital interface unit.

·  “Center for Sensors and Sensor Technologies:  Research and Extension.”  1999 OSU Congressional Agenda.  $3,000,000/12 months.

Abstract:  The Center is requesting funds to 1) provide seed/research funding to be used toward the development of faster, smaller, cheaper and more reliable sensors in the thrust areas here at OSU, thus saving millions of dollars over existing technology; and 2) to increase entrepreneurial activities and industrial collaborations related to the research, development and fabrication of these sensors, thereby encouraging the creation of new start-up companies, products and jobs.    These funds will be committed to high-tech research and economic development that will strengthen Oklahoma’s potential and better position the state and nation to become major players in the international high-tech markets in the 21st century.  

· “Center for Intellectual Excellence and Research Outreach.”  Economic Development Program, Oklahoma State Regents for Higher Education.  OSU Collaborating Colleges:  Agricultural Sciences and Natural Resources; Arts and Sciences; Engineering, Architecture and Technology; and Veterinary Medicine.  Other University Participants:  University of Texas Medical Branch, Galveston.  Industrial Partners:  MicroFab Technologies, Inc., Plano, Texas; and Frontier Engineering and Nomadics, Inc., Stillwater, Oklahoma.  $1,675,495/36 months.

Abstract:  Funds are requested to establish multidisciplinary research programs in environmental, chemical and biomedical sensors.  The Center will be involved in the research and development of real-time solid-state chemical/biological sensors, biological sensor (DNA) probes and nondestructive techniques for monitoring contaminants in groundwater.  The projects supported will make a significant economic impact through the research, development and fabrication of sensor devices and systems.  

·  “Center for Sensors and Sensor Technologies:  Environmental, Chemical and Biomedical Sensor Systems.”  NSF/Science and Technology Centers:  Integrative partnerships.  OSU Collaborating Colleges:  Agricultural Sciences and Natural Resources;  Arts and Sciences; Engineering, Architecture and Technology; and Veterinary Medicine.  Other University Participants:  University of Texas Medical Branch, Galveston.  Industrial Partner:  MicroFab Technologies, Inc., Plano, Texas.  $10,264,724/60 months/denied.

Abstract: Funds are requested to establish multidisciplinary research programs in environmental, chemical and biomedical sensors.  The Center will be involved with research and development pertaining to real-time solid-state chemical/biological sensors, UV detectors, biological sensor (DNA) probes, non-destructive tomography techniques for monitoring contaminants in groundwater and noninvasive optical based techniques for studying ocular and diseased tissue.  

B.  CSST Grant Assistance Provided

The Center strives to match collaborating faculty researchers to outside funding sources, including state and federal agencies, private industries and foundations and other centers.  The CSST works with professors across campus to assist them in securing external funding from these sources.  Successful efforts include the following projects:

· The CSST assisted Dr. Tim Wilson, Department of Physics, in securing a 2003 NSF REU proposal titled “Optical Materials, Lasers and Their Applications in Optical Sensing”.
· H.J. Harmon, Physics (PI), “Development of a Sensor for Chemical and Biological Agents”, Oklahoma City National Memorial Institute for the Prevention of Terrorism

$4,600,000.

· H.J. Harmon, Physics (PI), "Solid State Biological Agent Sensors", Defense Advanced Research Projects Agency (DARPA), $3,000,000
· Three CSST collaborators and SEED fund recipients have been notified that their research proposals were selected for funding by 2000 NASA EPSCoR: Steve McKeever (Physics), "Development of Methods and Instrumentation for In-Situ Luminescence Dating of Martian Sediments"; Jim Harmon (Microbiology/Physics), "Second Generation Photocatalytic Oxidation Processes for the NASA Advanced Water Recovery System"; and Allen Apblett (Chemistry), "Development of Technology Addressing Power Generation and Storage Challenges Faced by NASA." 

· The CSST organized and wrote the preproposal for the OKC Memorial Institute for the Prevention of Terrorism, which received a good review from two people associated with Bechtel Corporation, Nevada.  The CSST then took the lead in developing the full proposal for submission to the MIPT.

· The CSST assisted Dr. James Blankemeyer of Microbiology establish collaborations with Nomadics on his fluorescence technique from monitoring pathogenic bacteria.  This work is also of intense interest to the Army and may receive funding from this DoD agency.

· The CSST provided seed funding to three PIs in the College of Arts and Sciences, all of whom recently received OCAST funding to continue their research on those projects:  1) James Blankemeyer (Microbiology & Molecular Genetics), “Detection of Low Levels of Pathogenic Bacteria,” $135,000;  2) James Harmon (Microbiology & Molecular Genetics; Physics), “Biodetection of Chemical Warfare Agents,” $135,000; and 3) P.I.. Stephen McKeever (Physics), and Co-PIs Kenneth Bartels, W.T. Drost, and R.J. Bahr, (Veterinary Medicine), “A Near-Real Time Radiation Dosimeter for Radiotherapy,” $133,801.  These were the only Arts & Sciences faculty to secure OCAST awards during the most recent OCAST competition.
· The CSST worked with the office of Thomas Collins, OSU Vice President for Research, to promote James Harmon’s research related to “Chemical Solid State Sensors,” (Department of Microbiology and Molecular Genetics and Department of Physics).  Contacts established with Aberdeen Proving Ground, Maryland, by the Vice President’s office and the CSST proved successful in assisting Harmon in securing additional DoD funding for his project.

· The CSST assisted Stephen McKeever, Department of Physics, secure additional funding for his “UVB Dosimetry” project.  The Center worked with Vice President Thomas Collins to help obtain funding for McKeever’s work through the Economic Development Program of the Oklahoma State Regents for Higher Education.  With earlier help from the CSST, McKeever also received funding from the College of Arts and Sciences and the Environmental Institute for this project.

· The CSST facilitated collaborations among three OSU researchers, Mario Rivera (Department of Chemistry), Gilbert John (Department of Microbiology and Molecular Genetics) and Gary Yen (School of Electrical and Computer Engineering), who received a $326,490 EPA/EPSCoR grant to develop a new type of sensor that can detect groundwater pollutants.  OSU Arts and Sciences Associate Dean for Research, is project director, and the University of Tulsa and the University of Oklahoma are also participating in the research project. 

· The CSST initiated collaboration between Nicholas Kotov (Chemistry) and the University of Texas Medical Branch in Galveston that resulted in a funded DARPA titled “3D Tissue Constructs by Sequential Layering for Ex-vivo Immune System” (Kotov, PI), $548,000.
IV.  CSST OUTREACH ACTIVITIES

A.  Seminar Series

The CSST sponsors seminars focusing on sensor-related research throughout the school year.  Seminars sponsored or co-sponsored include the following:

· “Carbon Nanostructures:  From Fullerenes to Nanotubes.  Their Implementation into Donor-Acceptor Ensembles”, Dr. Dirk M. Guldi, Notre Dame Radiation Laboratory, September 2002.

· “Quartz Crystals Versus Their Environment: Time Bases or Sensors?  (Keeping The World On Time and Your Tanks Full of Gas)”, Dr. Errol P. EerNisse, Quartzdyne, Inc., November 2001.

· “Widely Tunable Mid IR Lasers and Their Use in Molecular Spectroscopy”, Dr. Patrick McCann, School of Electrical and Computer Engineering, University of Oklahoma, September 2001.

· “Exploring the Potential for Perovshite Oxides in Electronics and Photonics,”  Drs. James A. Misewich and Alec G. Schrott, IBM Watson Research Center, Yorktown Heights, NY, March 2001.

· “Nanoparticle Layers for New Sensor Technologies and Materials,” Dr. Nicholas Kotov, OSU Department of Chemistry, February 2001.

· “A Proposed High (>200C) SOS IC for Quartz Microbalance Transducers,” Dr. Chris Hutchens, OSU School of Electrical and Computer Engineering, October 2000.

· “Quart Crystal Microbalance:  An Analytical Tool for Chemistry/Biochemistry,”  Mr. Darrel Brehm, International Crystal Manufacturing, Oklahoma City, November 1999.

· “Talk is Cheap:  Piezoelectric Sensors for Volatile Organic Compounds and Thoughts on a Chemical Sensor That Really Works,”  Dr. Harry O. Finklea, Department of Chemistry, West Virginia University, November 1999.

· “Breath Testing with Tunable Diode Lasers,”  Dr. William Potter, Department of Chemistry and Biochemistry, University of Tulsa, October 1999.

· “Micro-dispensing Technologies for the Life Sciences,” Dr. Chris Frederickson, President, NewroBioTex, Inc., Galveston, TX.

· “Development of Instrumentation and Sensors for Trace Detection,” Dr. Colin Cumming, President, Nomadics, Inc., Stillwater, OK.

· “Development of an Integrating UVB Dosimeter System,”  Dr. Leslie Colyott, Department of Physics, OSU.

· “Solid-state Real-Time Chemical and Biological Sensors:  Are We Having Fun Yet?”  Dr. H. James Harmon, Department of Microbiology and Molecular Genetics and Department of  Physics, OSU.

· “The New Telemetric Sensor for Long Term Pressure Measurements in the Brain,” Mr. James A. Henderson, Executive Director, Oklahoma Center for Integrated Design and Manufacturing, OSU.

· “Clinical Uses of Biomedical Lasers in Veterinary Medicine,”  Dr. Kenneth E. Bartels, College of Veterinary Medicine, OSU.

· “Utilizing Redox Heme Proteins in Sensing and in Bioremediation:  The Role Played by the Electrode Surface and by Structure-Function Relationships in Heme Proteins,” Mario Rivera, Department of Chemistry, OSU.

B. Presentations/Activities

· Between 2001 to 2002, Dr. James P. Wicksted, CSST Director, represented the Center at numerous conferences, on-site visits, tours and presentations throughout the year including International Crystal Manufacturing, OCAST, Legislative Days and Capitol Day, all in Oklahoma City; the FOTC Summit in Tulsa; OTCC Tech Night Out, and Nomadics,  Stillwater.

· Two presentations were made in the Fall 2001 to members of the State Legislature prior to the appropriation of $19 million to OSU to enhance its bioterrorism research efforts.
· The CSST provided tours and presentations to representatives of the Sensor Research and Development Corporation (April 25, 2002) and In-Phase (March 28, 2002) (Bend, Oregon)

· The CSST participated in the OSU Research and Technology Day held at the State Capitol in March 2000 and March 2001.
· The CSST provided funding for two professors and/or their students to attend/present papers at the BIOSENSORS 2000 Sixth World Congress on Biosensors Conference in San Diego in May 2000.

· The CSST participated in the Higher Education’s Economic Development Day held at OSU in November 1999.  Sponsors:  Oklahoma State Regents for Higher Education, the OSU College of Business Administration, University Extension, International and Economic Development.
· The CSST participated in the Partners in Scientific Collaborations meeting at Oak Ridge National Labs in August 1999.  Sponsor:  OSU Office of the Vice-President for Research.
· The CSST participated in the Oak Ridge National Labs visit to OSU in May 1999.
Sponsor:  OSU Office of the Vice-President for Research.
· CSST Poster Presentation, Research in Domestic Preparedness:  Ensuring Security, Protecting Infrastructure, and Preventing Violence. Sponsor:  AAAS Research Competitiveness Program Leadership Development Conference.

· Presentation, Oklahoma Technology Transfer Board. Sponsor:  OSU Office of the President.

· CSST Poster Presentation, Wes Watkins Distinguished Lectureship Series and Luncheon. Sponsor:  University Extension, International and Economic Development Open House.

· Presentation, CSST Industry Partnership Plan for the Development of Sensor and Sensor-related Technologies.  Sponsor:  OSU Office of the President.

C. Publications/Outreach

· In conjunction with funding from an EPA/EPSCoR grant to develop a new type of sensor that can detect groundwater pollutants, coordinated by the CSST, OSU recently hosted an Oklahoma EPSCoR “Bioremediation and Biomonitoring” workshop.  Dr. Robert Miller, Department of Microbiology and Molecular Genetics is project director.  OSU researchers include Mario Rivera, Chemistry, Gilbert John, Microbiology and Molecular Genetics,  and Gary Yen, Electrical and Computer Engineering. The University of Tulsa and the University of Oklahoma also participate in the research project. Guest speakers included Dr. Charles Mitchell, EPA Director, Washington, D.C., and Dr. Lee H. Williams, Oklahoma EPA Director, along with several other researchers from across the country.

· E. Smit, R. Erckens, F. Hendrikse, M. Motamedi, J. Wicksted, Physics, and W. March, “Identification of intraocular lens materials using confocal Raman spectroscopy,” J. Cataract Refractive Surg., Vol. 25: 1498-1504 (1999).
· L. Avila, M. Wirtz, R. Bunce, and M. Rivera, Chemistry, “An Electromechanical Study of the Factors Responsible for Modulating the Reduction Potential of Putidaredoxin.”  J. Biol. Inorg. Chem., Vol. 4: 664-674 (1999).
· Past CSST support helped Dr. Les Colyott, president, and Mr. Art Lucas, partner, both of Physics, to continue their research in UVB detection.  Last May, they started a small company, LC Technologies, which is providing UVB dosimetry service to customers around the world.

· L.E. Colyott, M.S. Akselrod and S.W. S. McKeever, Physics, “An Integrating Ultraviolet-B Dosimeter Using Phototransferred thermoluminescence from Al203:C,” U.S. Patent pending, 2001.

· With help from CSST seed funding, Dr. Albert Rosenberger, Physics, conducted research that led to a recent patent application titled “A Microsphere Whispering-Gallery Mode Evanescent-Wave Sensor.”

· J.P. Wicksted, N.J.C. Bauer, R.J. Erckens, F.H. M. Jongsma, E.E. Smit-Kepel, M. Motamedi, and W.F. March, “Noninvasive Assessment of Ocular Tissue using Confocal Raman Spectroscopy.”  Invited paper given at the SPIE Conference on Biomedical Applications of Raman Spectroscopy, San Jose, California, January 1999.

· J.P. Rezac, Physics, received the award for Best Physical Science & Technology Presentation at the 11th Annual Research Symposium at OSU for his presentation titled “Optically Resonant Microsphere Modes and Fiber-Optic Coupling Techniques.”

· J.P. Rezac, Physics, received the “Outstanding Experimental RA” award presented at the 2001 OSU Department of Physics Awards Banquet.

· N.A. Kotov, “The Method Of Preparation Of Self-Sustained Nanostructured Membranes By Means Of Layer-By-Layer Assembly,” U.S. Patent pending, 2000. 

· N.A. Kotov, “Agents For Radiotherapy And Diagnostics Based On Metal Sulfide Nanoparticles,” U.S. Patent pending, 2000. 

· R.J. Erckens, F.H.M. Jongsma, J.P. Wicksted, F. Hendrikse, W.F. March, M. Motamedi,  "Raman spectroscopy in ophthalmology: From experimental tool to applications in vivo", Lasers Med. Sci., Vol. 16, 236-252 (2001).
· Roel J. Erckens, Wayne F. March,  Franciscus H. Jongsma, James P. Wicksted, Fred Hendrikse, Eefke E. Smit, and Massoud Motamedi, "Noninvasive Raman spectroscopic identification of the intraocular lens material in the living human eye".  J. Cataract Refract. Surg., Vol. 27, 1065-1069 (2001).  A short description of this article also appeared in the Biophotonics News section (pages 28-30) of the December 2001 issue of Biophotonics International.

· R. J. Erckens, K. Hosseini, W.F. March, F. H. M. Jongsma, J. P. Wicksted, H.K. Li and F. Hendrikse, "Raman spectroscopy: Noninvasive Determination of Silicone Oil in the Eye. Potential Applications for Intraocular Determination of Biomaterials", Retina-Journal of Retinal and Vitreous Diseases 22, 796 (2002). 

· Arif A. Mamedov, Nicholas A. Kotov, Maurizio Prato, Dirk M. Guldi, James P. Wicksted, Andreas Hirsch, “Molecular Design of Strong Single-Wall Carbon Nanotube/Polyelectrolyte Multilayer Composites”, Nature Materials 1, 190 (2002); Nature Materials 1, 257 (2002). 

· N. Kotov, M. Motamedi, J. Wicksted & R. Esecaliev, “Implantable Biosensor from Stratified Nanostructured Membranes.  Provisional Patent Application Serial No. 60/368,921 filed on 3-29-02.  New U.S. Patent Application filed on 3-31-03.

D.  Publicity Efforts

In an effort to keep the research community and the public informed about our activities, the CSST is involved in several publicity activities.

· CSST News – The Center  publishes a newsletter twice a year. The newsletter includes a feature article, a message from the director, a research spotlight and other CSST highlights.  It is distributed across campus, as well as to other universities, centers, industries and local,  state and federal agencies. 

· CSST Brochure -- A Center brochure has been published and distributed on campus and to other interested persons.  The brochure is also given out at various meetings, presentations, etc., and to visitors.   In addition to general information about the Center, it includes the Center’s goals and objectives, faculty and industry collaborators and current research interests.

· CSST Information Packets – Center personnel have distributed CSST information packets at various meetings, presentations, etc., both on- and off-campus.

· CSST in the News -- The Center has been instrumental in arranging coverage for exemplary sensor-related research efforts.  

1) The CSST cooperated with the OSU News Bureau in arranging coverage for Dr. Stephen McKeever’s work involving UVB Dosimetry.  As a result, Dr. McKeever’s work (1998) was covered by articles in the Daily Oklahoman, the Stillwater NewsPress and the Daily O’Collegian.  Dr. McKeever’s UVB Dosimetry work was also covered in a John Wiley & Sons, Inc. publication, Sensor Technology Alert (1999), which follows advances in sensor technologies and their applications for companies in a broad range of industrial disciplines.

2) Dr. Nicholas Kotov received coverage in the Stillwater NewsPress (1999) for the NSF Faculty Early Career Development Award based on his research concerning “Supramolecular Complexes of Semiconductor Nanoparticles,” a project that received seed funding from the CSST.  

3) In a Stillwater Newspress article (1999) covering the AAAS conference, “Research in Domestic Preparedness: Ensuring Security, Protecting Infrastructure and Preventing Violence,” the CSST was credited with having the potential to develop better sensors for detecting chemical and biological agents.  

4) The CSST received coverage in several articles in the Spring 1999 issue of the OSU Magazine.  The CSST has an entry under a column titled “High-Tech Tools.”  The Center is also credited for its work in an article titled “a tale of two sensors.”  Finally, LifeSensors, Inc., a Noble, Oklahoma company, is featured in an article, “A Sense of Pride.”  The CSST is collaborating with LifeSensors on a recently submitted proposal to NIH.

5) 4) The EPA/EPSCoR grant also received coverage in the Stillwater NewsPress and the Daily O’Collegian (1997).

· CSST on the Internet -- The Center has taken advantage of the Internet to publicize general information about the CSST, as well as to keep the public updated on all activities.  The site includes information about the Center, faculty and industrial collaborators, proposals, seminars, etc.  See our revised web site at www.cas.okstate.edu/sensor_center.
E.  OSU Faculty Collaborators

· Faculty from Oklahoma State University Colleges:

Agricultural Sciences and Natural Resources

Arts and Sciences

Business Administration

Engineering, Architecture, and Technology

Veterinary Medicine

· Faculty from other OSU Centers:

Center for Laser and Photonics Research

      Environmental Institute


      Oklahoma Center for Integrated Design and Manufacturing


F.  Faculty Collaborators/Other Universities

· University of Oklahoma

· University of Tulsa

· University of Texas Medical Branch, Galveston

G.  Industry Collaborators

The CSST strives to establish productive relationships among the Center, Industrial Partners and Researchers in the development of sensors and sensor technologies.  Our industrial collaborators include the following:

· Frontier Engineering, Inc., Stillwater, OK

· Halliburton Energy Services, Duncan, OK

· LifeSensors, Inc., Noble, OK

· Landauer (formerly Stillwater Sciences), Stillwater, OK

· NeuroBioTex, Dallas, TX

· Nomadics, Stillwater, OK

· Stover and Associates, Stillwater, OK

· Sciperio, Stillwater, OK

Significant Research Thrusts (Current/Future)

· The CSST is collaborating with the Planetary and Space Sciences (PASS) IGERT and Ph. D. programs

· The CSST is collaborating with a possible NSF MRSEC Nanotube Center proposal involving Oklahoma State University, the University of Oklahoma, and the University of Tulsa.

· The CSST facilitated collaborations between Dr. H. James Harmon, OSU Dept. of  Microbiology & Molecular Genetics and Dept. of Physics, and Dr. Harry O. Finklea, Dept. of Chemistry, University of West Virginia, aimed toward an NSF EPSCoR multi-state proposal related to sensors and bioterrorism. The initial contact with Dr. Finklea was made during the AAAS-sponsored Domestic Preparedness conference held at OSU.  In November 1998, the CSST, with assistance from the Office of the Vice President for Research, brought Dr. Finklea back to OSU to present a Center seminar and to discuss potential collaborative research efforts. The CSST will also respond to the recent RFP for Counterterrorism Research and Development by the Oklahoma City Memorial Institute for the Prevention of Terrorism.  In addition, the CSST is working to establish collaborations that will form the basis for a future multi-state NSF EPSCoR proposal. 

· The CSST is continuing to work to secure NSF funds, in a multi-university collaboration with OU (Dr. Patrick McCann, Electrical and Computer Engineering) and TU (Dr. William Potter, Chemistry).   This is related to bioengineering and will be directed toward a specific NSF program, “Bioengineering and Environmental Systems Division” at NSF.

· The CSST worked with Dr. Mark Rockley, OSU Dept. of Chemistry, to prepare a proposal focusing on the establishment of a nanotechnology fabrication facility as part of  the 2000-01 OSU Congressional Agenda.   

· The CSST played a role in the funded Oklahoma proposal for the NSF EPSCoR Cooperative Agreement for Infrastructure Improvement, FY 2001-05. The CSST expects to be involved in the tech transfer and economic development aspects of a nanomaterials efforts in progress and to provide direct input on a bioengineering center via a biosensor initiative.

· The CSST is working to help establish additional incubators and new technology companies at the Oklahoma Technology and Research Park.  Collaborations are on-going with one potential company, NeuroBioTex, Inc., Galveston, Texas, headed by Dr. Chris Frederickson, president.  Dr. Frederickson presented a CSST seminar last spring and discussed future efforts while on campus. 

· Important to all these research thrusts are the components of  Technology Transfer and Economic Development.  The CSST plans to continue to play an integral role in this effort by identifying and encouraging collaborative projects with a strong commercialization potential among OSU, other institutions, government agencies and private industries.
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Center for Sensors and Sensor Technologies

Dosimeters, Radiation Sensors McKeever                        OCAST 

                       CBEAR 

Harmon                  NASA, OCAST

Network Terrorism Detection Clinkenbeard               MIPT, OCAST

Tunable IR sensing

McCann (OU), Potter (TU)  

Bio-Nano Sensors Kotov, UTMB 

Bacterial Sensing Blankemeyer OCAST

Biosensors Miller

Microsphere Sensors Rosenberger       SBIR

THz Based Sensors Grischkowsky

Environmental Sensors

Rivera, John,Yen

EPA








