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A. EXECUTIVE SUMMARY

Global market pressures are driving the chemicals and advanced materials industries to significantly reduce R&D cycle times yet provide higher quality (e.g., at six sigma) and performance. A solution to these industries is the recent development of high throughput research, including “combinatorial chemistry” methodologies, where a parallel approach to discovery and process development can deliver thousands of target materials and produce “libraries” of new solid-state and soluble materials in a matter of hours and days rather than months and years.  Discoveries have already occurred for materials with superconductive, magnetoresistive, luminescent, ferroelectric, and dielectric properties. Catalysis research is receiving attention in homogeneous organometallic complexes, in heterogeneous inorganic oxides, and in biocatalysis.

There are substantial technical challenges in leveraging this technique from the drug discovery methodologies to advanced materials. There is a role for the ATP to play in bringing this capability to U.S. industry. ATP can facilitate the emergence of new technologies through the development of unique partnerships; it can spur the fusion of these new technologies for subsequent diffusion to other areas; it can facilitate the integration of complex systems; it can facilitate the integration of otherwise diverse technologies; and it can reduce the cost of combinatorial chemistry as a tool so that more R&D cost-sensitive sectors will invest in this new capability.

This position paper encourages the development of a portfolio of projects in the Advanced Technology Program for FY1999 in the area of combinatorial discovery for new catalyst materials. This report is a collection point for information gleaned from industry input, for example as obtained at an Industry Probe Working Group Discussion held in March, 1998. Additional input will be obtained from a public Workshop to be held November 18, 1998 in Atlanta, GA. 

ATP is responding to external input to consolidate information on:

· market drivers 

· market sizes, market factors, penetration potential

· return on R&D investment

· economic advantage 

· market failure, broad-based benefits, and cost/benefits 

· technology challenges 

· discontinuous innovation in different application areas

· fusion of emerging technologies as future technology enablers

· systems integration. 

Technology fusion will occur in the domains of the hardware and software industries, and will be directed toward solving specific problems in various industries, such as polymers, catalysts, smart materials, electronic materials, specialty & fine chemicals, biomaterials, optical materials, glass formulations, structural materials. Many technological problems are being solved in some application areas (for example, electronic materials and catalysts) while other applications await enabling technologies.

B. The ATP Process

The goal of the ATP is economic growth and the good jobs and quality of life that come with economic growth. ATP awards are made strictly on the basis of rigorous peer-reviewed competitionsdesigned to select the proposals that are best qualified in terms of the technological ideas, the potential economic benefits to the nation (not just the applicant), and the strength of the plan for eventual commercialization of the results; ATP protects the confidentiality of documents submitted by industry. The ATP does not fund basic research or product development.

The ATP is industry-driven. In the form of “white papers”, position papers submitted by industry, academia, and government facilities might outline a specific technology area and describe the potential for U.S. economic benefit, the technical ideas available to be exploited, the strength of industry commitment to the work, and the reasons why ATP funding is necessary to achieve well-defined research and business goals. These position papers must contain no proprietary information and should state as succinctly as possible the goals of a proposed technology area. The FY 1999 Competition introduces a new mechanism for developing Focused Programs: program areas will be developed in response to confidential proposals submitted to the Competition, i.e., a market-driven response to technology challenges seen by industry.

ATP project proposals submitted to a Competition are evaluated two criteria, 1). the scientific and technical merit of the proposal; and 2). the potential for broad-based economic benefits to the United States. A fifty percent weighting of the proposal applies to the scientific and technological merits: innovations in the technology; high technical risk and feasibility; and quality of the research plan.  A 50% weighting will be applied to the economic merits of the proposals: economic benefits; need for ATP funding;  and the pathway to economic benefit.

Competitions are announced in late Autumn with proposal due dates generally in early Spring.  Proposal reviews are conducted through the Summer, and awards are announced in the September-October time frame.  Applicants are strongly urged to initiate proposal preparations early and to follow instructions carefully; Proposal Preparation Kits for each new competition are distributed via the ATP Mailing List and on the ATP internet world wide web site http://www.atp.nist.gov/atp/apply.htm, following the announcement of a new competition.

C. Problem Statement: Combinatorial CHEMISTRY AND Catalysts 

Major forces—globalization of markets and the pace of technology change—continue to drive private sector R&D to narrower, shorter-term investments to maximize returns to the company. Increased pressure on manufacturers to produce “faster/lower cost/better” has increased the demand for new products made from new materials and/or utilizing new processes. 

During the 1990’s, the pharmaceutical industry responded to these market pressures and significantly reduced the cycle time for the discovery of new chemical targets by generating and analyzing large numbers of possible chemical targets all at once by using massively parallel (also known as “combinatorial” or “high-throughput") research methods. This semi-empirical method could therefore determine the relevance of 96 possible candidates (a “library”) in a matter of hours or days as compared to weeks or months using traditional synthesis techniques. Recently the number of samples in a library has multiplied 100-fold with increased purity and significantly expanded analytical output, and the ability to screen upwards of 1 million distinct compounds per year has been realized in the larger firms. The capability to conduct research on this scale was the direct result of the fusion of several distinct technologies in the areas of software (informatics, molecular modeling, and statistics), more powerful computers, robotics, micro-technologies (micro-fluidics, micro-machining), and sensors applied to a well-defined market opportunity.

Industrial sectors beyond the pharmaceutical industry have described the need for high throughput screening for new chemicals and advanced materials. On March 24, 1998, the ATP held an Industry Probe Working Group Discussion that brought together fourteen representatives as a cross-section of the specialty chemicals and materials industries, as well as leading suppliers of enabling hardware and software tools and NIST Laboratories. The information gained from this Discussion has been expanded by additional industry input in the form of position papers submitted to the ATP. In addition to identifying key areas of technology development and application market areas, these data described the technical and commercial barriers to success of this methodology in U.S. industry. Continued industry input will be collected, and a public Workshop will be held on November 18, 1998 in Atlanta, Georgia.

Many, but not all, of the market factors that influenced drug discovery are now driving a need for reducing the cycle time for the discovery of new advanced materials and lower-cost chemical products compared to high-value pharmaceuticals. The technology spill-over from drug discovery has resulted in the embryonic development of combinatorial methodologies and technologies for inorganic materials and non-pharmaceutical organic compounds and materials. Combinatorial techniques are especially suited to complex mixtures containing many different elements. This methodology, therefore, lends itself to new advanced materials that are gaining performance through the use of 3, 4-, or 5-component mixtures or small quantities of additives, for example as dopants. In addition, rapid screening permits research into compositions containing elements that would not otherwise be attempted.

While the methodologies developed for drug discovery can be leveraged for other applications, the complexities of chemicals and materials discovery far out-weigh the current capabilities developed for drug discovery. New drug candidates (“leads”) are tested by chemical means such as gas chromatography, nuclear magnetic resonance spectrometry, mass spectroscopy, and incremental biological activity; biological activity to a single component of a lead mixture is adequate in many cases.  Advanced materials, on the other hand, need to characterized according to their performance, and these analytical techniques are often peculiar to the targeted application area. For example, selectivity and conversion analysis for a new heterogeneous catalyst formulation will require the development of novel microscopic sensors for sampling the complex product/reactant mixtures, possibly in the gas phase, for a large number of (microscopic) metal oxide “samples”.  While organic chemical leads are being successfully analyzed at purity levels of 80% or less, typically advanced materials require very high purities to differentiate their performance. Industrial chemistry typically utilizes more energetic reaction environments than pharmaceuticals, with processes with temperature and pressure requirements of several hundred degrees and thousands of p.s.i. pressure, respectively.  Finally, while drug discovery can utilize traditional chemical scale-up processes, advanced materials have been dealt significant challenges in “scalability” from microscopic to lab- or pilot-scale preparation while retaining the discovered properties. 

In order to understand the technological hurdles, industry representatives have described the key steps of a combinatorial methodology:

1. Target Definition utilizing expert opinion and hypothesis;

2. Library Design using computational inputs such as molecular modeling and statistics;

3. Library Validation, which determines the quality of the library design using robotics, hardware manipulation of materials, and statistics;

4. Library Construction and Processing involves the automated deposition or synthesis of an n-dimensional matrix of physical samples;

5. High Throughput Screening (HTS) involves the use of robotics and sensors to rapidly and automatically analyze the library of chemical targets for desired properties;

6. Data Collection/Searching and Decision Making using the data-basing tools developed originally for genomics—informatics—expanded into the more complex realm of materials properties.

The widespread implementation of combinatorial methodologies for the discovery of new materials and chemicals represents a significant technical challenge for U.S. industry. The development of new technologies to meet the demand for combinatorial methods will amalgamate otherwise diverse industries, and diverse market opportunities will present themselves to otherwise focused enterprises. Tangible revenues will develop from the application of combinatorial discovery in a variety of industries and intangible returns, for example licensing and service revenues, will develop in industries that traditionally avoid them. 

D. Technology Challenge

The application of combinatorial discovery and innovation for new materials will drive the integration of a hardware- and software-based infrastructure toward specific product applications. The long-term vision is to have high-throughput research become part of expanded enterprise-wide systems that include tools for hardware interfaces, technology assessment/decision, and logistics. Because combinatorial discovery currently is capital intensive, with start-up costs in the $1-5 million range, discontinuous innovation in generic hardware and software technologies will be necessary to drive down costs and facilitate its implementation in the industrial sectors that have lower returns on R&D investment and highly capitalized, amortized manufacturing assets (vide infra). 

· Software. The basic underlying software technology is the ability to chemically represent the material in a manner suitable for data-basing. Due to the sheer number of potential candidates available on a statistical basis to combinatorial techniques, library design will also require chemical synthesis expertise integrated with experimental design tools and statistics to reduce the number of samples and experiments. New tools will have to be developed to enable the input of this information into modeling engines; the increased number of data that can be input into computational engines will increase their power in iterative cycles.  The overall view of software integration is shown in Figure  1.

Figure 1. The Integration of Software Systems

[image: image1.wmf]0

1

2

3

4

5

6

7

8

Polymers 

Commodity (resins, film, fiber, rubbers, etc.)

Engineering and Specialty Resins (incl. alloys, blends, etc.)

Adhesives

Catalysts

Heterogeneous  (1 - 2 metals)

Heterogeneous  (>2 metals)

Homogeneous (1 -2 metals)

Homogeneous (>2 metals)

Supports

Smart Materials

Solids

Fluids

Electronic materials

Polymers-optical 

Polymers-conducting 

Display Materials

Membranes

Magnetic materials

Ceramics

Semi-conductors

Encapsulants/packaging

Specialty & fine chemicals

Coatings: protective

anti-oxidants

Formulations

Impact modifiers

Pigments/dispersants

Refrigerants

Scale inhibitors

Surfactants

Biomaterials 

Bio-sourced polymers

Bio-compatible materials

Bio-degradable polymers

Optical materials 

Coatings

Photo-refractives

Opto-electronics

Non-Linear Optical materials

Glass formulations

Fibers

Electronic

Magnetic

Optical  

Structural materials

Metals and alloys

Composites

Ceramics/metal oxides


· Hardware: The basic underlying hardware technologies are in improving computer throughput,  and in micro-scale sensors and micro-machines (MEMS) for the synthesis, processing, and analysis of libraries. Automated library construction requires that n-dimensional libraries are made by machines, for example using ink jet deposition, laser ablation, or chemical vapor deposition (CVD). Homogeneous reaction systems will require fluid handling capabilities. Library screening (“high throughput screening” or HTS) will drive the development of advanced sensors and sensor arrays; robotics, next-generation “titer plates”, “lab-on-a-chip” designs, and rapid scanning devices will require development along specific application areas with physical properties that can be analyzed at microscopic levels. Automated library processing is especially challenging for new materials development since samples within a library may require different or non-equilibrium processing parameters across the matrix.

Broad technical needs have been identified by industry (Table 1 below).

TABLE 1: TECHNOLOGY CHALLENGES 

Base Technologies


Robotics


Micro-fluidics


Micro-machining

Decision Tools


QSAR/QSPR


Prioritization 


Promotion analysis & tools

Database/Informatics



Patent and prior art reviews


Search engines/Inferential Engines


Indexing


Entity Inventory


Electronic Laboratory Notebook (ELN)

Screening


Thermal properties (e.g., conductivity)


Polymer architecture/morphology


Optical characterization 


Molecular Speciation (mass spec.)


Molecular Weight


Mechanical Properties


Interfacial Properties


Luminescent properties (e.g., XRD)


Electrical properties


Electrochemical properties 
Degradation


Catalyst Turn-over


Catalytic Selectivity, Conversion

Processing


Control of physical environment
Mechanical: extrusion, etc.

Sample size--control of interfacial diffusion, mass transport properties, etc.

Library Validation


Molecular Modeling, QSAR. QSPR
Micro-Inspection/Error Identification On-line

Deposition

Thermally-driven (e-beam, laser, etc.)


Laser ablation


Ink jet


Chemical Vapor Deposition

Library Design


Statistics, modeling
Reagent Building Block Analysis


Literature/Patent Databases


Diversity analysis/clustering/analysis 

Computational (Molecular Modeling, Atomistic Simulations, QSAR, QSPR)

Assessment of the commercialization time frame, and hence technical risk, for these technologies was based on industry input.  Participants in the March Working Group Discussion developed a list of market-specific technology needs and their approximate commercial usage.  The responses are summarized into a radar map (Figure 2) where the radial axes represent time to commercial use (1 = 0 –1 years; 3 = 2-4 years; 9 = 5 or more years) plotted against individual technology needs. These data indicate that most of the technology challenges are at least three years from commercial use.  The highest technology risk is in deposition, determination of catalyst selectivity and yield, and in the analysis for thermal and mechanical properties.  More recently, scanning mass spectrometers have been employed for the analysis of solid inorganic oxides and metal alloys. 

The most significant technical challenge is the determination of bulk properties based on microscopic sample sizes.  It is well known in the heterogeneous catalyst arena that the support system, whether surface interactions or three-dimensional crystallite morphology, plays an important role in catalyst activity.  Therefore, screening for ultimate catalyst activity using microscopic samples deposited on an essentially non-porous inorganic oxide wafer shall require the prediction of bulk properties from microscopic thin films or pixels. The solution to this problem lies principally in the software arena; interestingly, the combinatorial approach will accelerate this research due to the large number of sample that can be used to validate the software model.
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FIGURE 2: TIME TO USE--TECHNOLOGY CHALLENGES

(1 = 0-1 years out; 3 = 2-4 years out; 9= 5 or more years out) 

E. Market Needs and Scope of Applications

A broad spectrum of applications, as identified by industry representatives, would benefit from the  implementation of combinatorial discovery and process optimization methodologies, particularly any application that derives results from formulations and empirical mixture designs. 

Various market factors (installed asset sensitivity, operating margin, % return on R&D investment, etc.) control the implementation of combinatorial discovery in the different markets. Industry developed a preliminary list of applications in various industries having substantial market sizes (Table 2, below) The preliminary list included all potential industry sectors except the pharmaceutical/drug discovery arena. The application areas that, in the view of industry representatives, have the longest time-to-use of combinatorial methodologies (Figure 3) are in bio-compatible materials, polymers (blends/alloys, fibers, optoelectronic), catalysts, and specialty formulations such as polymer additives. In general, these are applications that are awaiting an enabling technology, such as electro-mechanical or catalytic sensors, as indicated above.
TABLE 2: MARKET NEEDS—APPLICATION AREAS

Polymers 

Commodity

Engineering and Specialty Resins 


Adhesives

Catalysts


Heterogeneous 


Homogeneous 


Supports

Smart Materials


Solids


Fluids

Electronic materials


Polymers-optical 


Polymers-conducting 


Display Materials


Magnetic materials


Ceramics


Semi-conductors


Encapsulants/packaging

Specialty & fine chemicals


Coatings


Anti-oxidants


Impact modifiers


Pigments/dispersants


Refrigerants


Surfactants

Biomaterials 


Bio-sourced polymers


Bio-compatible materials


Bio-degradable polymers

Optical materials


Photo-refractives


Opto-electronics


Non-Linear Optical materials

Glass formulations


Electronic/Magnetic/Optical 

Structural materials


Metals and alloys


Ceramics/metal-oxides

This broad spectrum of applications was reduced based on the level of support the technology implementation would receive without Federal support in view of the criteria for the Advanced Technology Program. The Program Development Team determined that industrial risk sensitivity might best be ranked according to industry's ability to implement combinatorial methodologies into their research efforts.  Such sensitivity would include the return on R&D investment, funding levels for R&D, return on installed manufacturing assets, and profit margins reflecting new product sales. The role of ATP, therefore, is to develop lower-cost methodologies and tools based on new, generic technology to permit entry of combinatorial methodologies into industries that would a). not otherwise be able to implement them, and b). require an the development of one or more enabling technologies prior to implementing the integration of the systems mandated by successful implementation of a combinatorial approach. 
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Figure 4. Technology Industry Spending on Research

These data (Figure 4) indicate that chemical and materials companies (excluding petrochemical, which average less than 1%) spent approximately 3.2% of revenues on R&D activities in 1997, ranking near the bottom of technology-oriented industries.  Pharmaceutical companies, which average 15% of revenues spent on R&D and have actively pursued combinatorial methodologies to remain competitive, and are assumed to be less sensitive to large   expenditures in view of the significant revenues gained from the sale of new drugs.

R&D spending in for large chemical and pharmaceutical industries were evaluated on a company-wide basis (Table 4). Similar data on small companies is being compiled.

Table 4. R&D Spending in the Chemical and Pharmaceutical Industries

	PRIVATE
CHEMICAL COMPANIES
	1990
	1991
	1992
	1993
	1994
	1994 R&D spending as % of sales

	Dow Chemical
	$1,136
	$1,159
	$1,289
	$1,256
	$1,261
	6.3%

	DuPont
	1,428
	1,298
	1,277
	1,132
	1,047
	2.7

	Monsanto
	612
	627
	651
	626
	609
	7.4

	Rohm and Haas
	178
	183
	199
	205
	201 
	5.7

	Union Carbide
	191
	190
	155
	139
	136
	2.8

	W.R. Grace
	148
	150
	151
	135
	132
	2.6

	Air Products(a)
	72
	80
	85
	92
	97
	2.8

	Lubrizol
	74
	80
	90
	89
	91
	5.7

	International Flavors
	57
	62
	71
	75
	81
	6.2

	Morton International(b)
	48
	59
	61
	69
	66
	2.3

	Hercules
	92
	86
	70
	76
	65
	2.3

	Praxair(c)
	-
	-
	62
	58
	58
	2.1

	Ethyl
	65
	69
	73
	76
	50
	4.9

	Nalco Chemical
	45
	47
	48
	50
	46
	3.4

	Olin
	66
	41
	39
	41
	35
	1.3

	Albemarle(d)
	-
	-
	-
	-
	28
	2.6

	Petrolite(e)
	12
	11
	12
	14
	13
	3.5

	TOTAL
	$4,224
	$4,142
	$4,333
	$4,133
	$4,016
	3.9%

	
	
	
	
	
	
	

	PHARMACEUTICAL COMPANIES
	1990
	1991
	1992
	1993
	1994
	1994 R&D spending as % of sales

	Merck & Co.
	$854
	$998
	$1,112
	$1,173
	$1,231
	8.2%

	Pfizer
	640
	757
	863
	974
	1,139
	13.8

	Bristol-Myers Squibb
	881
	993
	1,083
	1,128
	1,108
	9.2

	Eli Lilly(f)
	703
	767
	925
	955
	839
	14.7

	Schering-Plough
	380
	426
	522
	578
	620
	13.3

	Upjohn
	432
	497
	553
	613
	607
	18.5

	TOTAL
	$3,890
	$4,438
	$5,058
	$5,421
	$5,544
	11.3%


Note: Prior years are not restated to reflect company revisions. a For fiscal year ending Sept. 30. b For fiscal year ending June 30; data for Morton Thiokol prior to 1985. c Spun off from Union Carbide in 1992. d Spun off from Ethyl in early 1994. e For fiscal year ending Oct. 31. f Spun off and sold off medical devices businesses in 1994. Source: Chemical & Engineering News, August 28, 1995 (http://pubs.acs.org/hotartcl/cenear/950828/art04a.html)

Based on these data, it is apparent that both large and small chemical and materials industries would benefit from ATP funding in the area of combinatorial methodologies.  Until data reflecting return on R&D investment (R&D ROI) and return on assets (ROA) can be accumulated, these data on R&D spending will be used to estimate need levels on an industry basis. 

There is a significant role for both small and large companies to participate in this activity. In general, small companies, provide a focused, fast-response invention/innovation process, and large companies provide capital assets, innovation needs, and access to large markets.

F. Program Objectives, Scope, and Targets

The opportunity will develop the fusion of technological advances in software (database administration, machine control, artificial intelligence, structure-activity and structure-function relationships, modeling, etc.) and hardware (robotics, reactor design, semi-conductor development, sensors, process control, MEMS etc.). It will leverage, not duplicate, the knowledge- and technology bases that have been developed for discovery in the pharmaceutical and agricultural chemical industries.  Development of generic tools will be encouraged in order to facilitate the diffusion of technologies. 

The goal of establishing a project portfolio on combinatorial methodologies is to facilitate the widespread utilization in the U.S. chemicals and materials industry of high throughput research specifically in the area of catalysis and biocatalysis discovery and process development. This project portfolio encourages the development of a technology infrastructure via integration of software and hardware tools focused toward specific application areas and recognizes that systems integration entails high risk.  This "fused" technology base therefore would be applied to a specific market opportunity via a manufacturer in the chemical or materials industries.  Therefore, the portfolio strategy is to utilize the power of the value chain to bring end-user needs to the infrastructure development companies and focus the technology base to a specific market need.  There is a significant role for small businesses to contribute to this strategy: in general, it was observed that smaller companies will contribute to the infrastructure by inventing and presenting products of discontinuous innovation to the (possibly larger) manufacturing sectors.   The Advanced Technology Program encourages small companies to participate in building the technological infrastructure to support combinatorial methodologies. For example, a NIST Small Business Innovation and Research Program (SBIR) was announced in October to address [image: image5.wmf]software issues. 

Figure 5. ATP Strategy Focuses Infrastructure Onto Markets

[image: image6.wmf]2.9

3.2

3.4

3.7

3.8

4.2

6.5

7.1

10.3

10.3

12.0

13.1

15

22.0

0.0

5.0

10.0

15.0

20.0

25.0

CONSUMER/FOOD

CHEMICAL & MATERIALS

AEROSPACE

MANUFACTURING

CONGLOMERATES

AUTOMOTIVE

ELECTRONIC HARDWARE

COMPUTERS

BIOMEDICAL

TELECOMMUNICATIONS

ANALYTICAL INSTRUMENTATION

SEMICONDUCTOR

PHARMACEUTICALS

SOFTWARE

R&D as % of Sales

Three project scenarios have been developed to indicate the spectrum of risk and technology diffusion that would result from proposers.  The three scenarios indicate three degrees of risk and, consequently, differing amounts of technology diffusion and economic benefits that might develop from a given project structure.
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Figure 6. Project Strategy Technology Diffusion and Broad-Based Economic Benefits

ATP funding is required for five key reasons:

1. To develop new generic technologies in the high-risk areas of robotics, sensors, informatics, computers, and software control. In addition, the fusion of advanced technologies would be facilitated by bringing together multi-disciplinary teams from industry, academia, and government laboratories. The integration of these different systems will be a major challenge.

2. To improve U.S. competitive position relative to foreign entities. Foreign competitors are assembling the capability to conduct high-throughput materials discovery and development. A first-to-market position could advance many global industrial sectors for many years. 

3. To significantly increase the development of alliances. Development of a competitive infrastructure will require the assembly of strategic alliances with partners having diverse competencies. ATP support is uniquely positioned to reduce the risk of collaboration, which can be expensive without appropriate returns, particularly for small, focused vendors of software and hardware tools, and will facilitate investment to gain non-core competencies.

4. To facilitate application of the infrastructure technology challenges toward industries in need of competitive advancement. Technology development using combinatorial approaches is considered too risky for many industries to tackle alone. Small applications companies will be impacted by the costs of entry and larger companies do not want to invest in capabilities away from their core business areas. The development of advanced integrated technologies will require a high degree of cooperation between companies, especially small, "inventive" companies working with larger applications companies in partnerships. The chemical industry can effectively leverage advances in catalysts into huge increases in benefits to society when downstream benefits are accounted for.

5. To facilitate recognition of revenue streams from intangible products. This is especially important for companies that would not otherwise recognize their ability to develop service capabilities that can generate revenue from similar, but non-competitive, companies. 

A competitive project funded by the ATP would develop a horizontal partnership among the “infrastructural” industries (hardware and software) directed to the emergence of one or more technically challenging application areas in catalysis or biocatalysis discovery or process development. This horizontal-vertical partnership structure would enable the technology base to focus on the needs of a specific application and its downstream customer(s). 

Competitive project proposals would indicate why a combinatorial approach needs to be applied to a specific application area and what high-risk aspects could be targeted to significantly advance tools and/or methodology.  The underlying criteria for ATP involvement—broad-based economic benefits and technology diffusion—will have to be addressed in view of an application’s inability to fund these developments privately.

G. Significance of ATP Funds

In sharing the relatively high development risks of technologies that potentially enable a broad range of new commercial opportunities, possibly across several industries, the ATP fosters projects with a high payoff for the nation as a whole—in addition to strong corporate rates of return. ATP projects are expected to make significant contributions to scientific and technical knowledge between the proof-of-concept stage and product development stage. The goal of the ATP is economic growth. The ATP benefits companies of all sizes. 

Therefore, the opportunity for ATP in the area of combinatorial chemical and materials discovery is in enabling the implementation of high-throughput experimentation into industries that would otherwise find the investment too risky technically and in capturing large benefits for the tool investment. Through investment in combinatorial methods, ATP has the opportunity to drive many of the chemical/materials markets (currently perceived as mature or commodity-based) into a second generation stage, well ahead of foreign competition. The opportunity to achieve “first-to-market” status will be exceptionally large for many industries implementing combinatorial methodologies. The spill-over benefits will cascade back into basic research as new phenomena are discovered and explanations are sought. 

H. Potential for U.S. Economic Benefit

ATP can significantly reduce the risk of entry into combinatorial research in industries where the return on investment would not otherwise be favorable. This impact will have significant broad-based benefits by facilitating broader use of technologically advanced methods; by enabling the growth of hardware and software to applications that would not otherwise be considered; by spreading the resulting intellectual property over more applications and materials; and by producing more research to explain newly-observed phenomena. Benefits beyond the proposers would include technology advancements and methodologies that would cross application areas.

The ATP has estimated, with industry input, the market sizes of several application areas that will be directly impacted by combinatorial discovery methodologies. In an effort to estimate the economic impact of implementing combinatorial discovery in catalysis, shown below is a comparison of the 1997 North American sales of catalysts for polyolefin production and for polyolefins produced.  The 100-fold difference in sales indicates that a relatively small improvement in the productivity of polyolefin manufacture via improved catalysts can result in relatively large changes in the economy. This leveraging of the value chain can be extended to other catalysis or biocatalysis applications. Incorporation of these materials into systems and components will create benefits removed from the actual discovery of new materials, however the size of these terminal markets is large.

FIGURE 7. CATALYST TO POLYMERS SALES RATIO (LOG SCALE)

This analysis focuses on sales revenues, however it does not account for the benefits obtained from increasing the national R&D budget with ATP funds. These estimates have not assumed significantly reduced innovation cycle times available using combinatorial research methodologies because this data is not directly available to the ATP. Actual penetration of high throughput screening into industrial research may reach 2-5% by the year 2003, with estimated impact in the end-use markets not readily described, however estimates by the industry indicates that the value chain following catalysts through commodity polymers into end-user markets may approach hundreds of billions of dollars.

The ATP Economics Assessment Office is currently studying the influence of an increase in the total industrial research budget through federal funding and the downstream benefits to society can be estimated. Preliminary estimates of the downstream benefits to society range from $3-$10B. These estimates assume that the Advanced Technology Program's monetary contribution to the focused program in combinatorial chemistry is valued at $30 million over the life of the program and addresses the polymer and catalyst markets.

I. Program Impact

Industry Commitment 

Strong interest by industry was shown in the Working Group Discussion attendance and industry position papaers. There was a strong signal from industry that federal assistance would accelerate their own efforts, provide tools to industries that would otherwise be available only in the distant future, and, finally, improve global competitiveness. The ATP has received industry position papers (“white papers”) describing the need for federal assistance in this area. These views are reflected in this Working White Paper. Verbal support for an ATP project portfolio has been expressed in national catalysis meetings.

Another (perhaps stronger) indicator of industry commitment to work in this area is existing or proposed efforts in this area. Over a half-dozen ATP awards made through previous competitions have been identified as having strong overlap with the agenda of the proposed project portfolio. Additional projects have proposed using combinatorial methods. 

Market Impact: Synergies

The fusion of technologies to meet new market needs has been identified as a major component in the emergence of combinatorial research methodologies. The biotechnology arena has seen substantial growth in new industries that have sprung up to fill market needs. For example, the bridging of database software and genetics research has yielded the fast-growing field of informatics. Now, significant developments in sensors, micro-machines (MEMS), smart materials, and massively parallel computers bring new capabilities to industries selling into the chemicals and advanced materials marketplaces. By bringing together the high-tech infrastructural industries with the more conservative manufacturing sectors, ATP can accelerate co-development of new technologies. ATP has a vital role to play in stimulating the development of new technologies that will place competitive capabilities into the hands of those industries that would not otherwise be able to invest in these areas. 

Technology Impact: Technology Diffusion

Efforts outside of the NIST ATP arena are just now yielding a wide range of results that are being widely publicized and published through various channels. The strongly pro-collaborative climates in Asia and Europe will pick these developments up first if the U.S. does not, giving early access to offshore manufacturers and granting a foothold to offshore vendors. ATP funding can make it happen here first, leveraging existing U.S. strengths to ensure continued leadership in the targeted markets.

There is a strong need in industry for work in the area of high-throughput research and development. As mentioned above, it is known in the drug discovery applications of combinatorial chemistry that significant reductions in time and cost can be achieved. Due to the high profit margins anticipated for the introduction and sale of pharmaceuticals, the expected return on investment is favorable. ATP can help to make the economics as favorable for high-valued specialty chemicals or engineered materials.

Impact on Employment

Implementation of high-throughput research is expected to increase the number of jobs in the target industries. Combinatorial methods have supplemented research facilities, not replaced them, as observed in the pharmaceutical and agricultural chemical industries. Additional employment is expected in the infrastructure industries due to increased need for software and hardware development. U.S. competitiveness was indicated by a number of industries as being a primary reason to implement combinatorial techniques in their discovery and innovation efforts.
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				Magnetic materials		0		0		0		0		0				0		0		0		0		0						0												0										0						0		0		0		0		0						0								0

				Ceramics		0		0		0		0		0				0		0		0		0		0						0												0										0						0		0		0		0		0						0								0

				Semi-conductors		0		0		0		0		0				0		0		0		0		0																		0										0						0		0		0		0		0						0								0

				Encapsulants/packaging				0		0		0		0		0				0				0						0		0		0								0		0		0		0		0		0		0		0		0		0		0		0		0		0						0								0

				Specialty & fine chemicals

				Coatings: protective				0		0		0												0																														0						0		0		0		0		0						0								0

				anti-oxidants				0		0		0												0																														0						0		0		0		0		0						0								0

				Formulations		0		0		0		0		0										0																														0						0		0		0		0		0						0								0

				Impact modifiers				0		0		0												0																														0						0		0		0		0		0						0								0

				Pigments/dispersants		0		0		0		0		0										0																														0						0		0		0		0		0						0								0

				Refrigerants				0		0		0												0																														0						0		0		0		0		0						0								0

				Scale inhibitors				0		0		0												0																														0						0		0		0		0		0						0								0

				Surfactants				0		0		0												0																														0						0		0		0		0		0						0								0

				Biomaterials

				Bio-sourced polymers		0		0		0		0		0		0				0				0						0		0		0								0				0		0		0		0		0		0		0		0		0		0		0		0						0								0

				Bio-compatible materials		0		0		0		0		0		0				0				0						0		0		0								0				0		0		0		0		0		0		0		0		0		0		0		0						0								0

				Bio-degradable polymers		0		0		0		0		0		0				0				0						0		0		0								0				0		0		0		0		0		0		0		0		0		0		0		0						0								0

				Optical materials

				Coatings				0		0		0						0		0		0		0																				0										0						0		0		0		0		0						0								0

				Photo-refractives		0		0		0		0		0				0		0		0		0		0						0												0										0						0		0		0		0		0						0								0

				Opto-electronics		0		0		0		0		0				0		0		0		0		0						0												0										0						0		0		0		0		0						0								0

				Non-Linear Optical materials		0		0		0		0		0				0		0		0		0		0						0												0										0						0		0		0		0		0						0								0

				Glass formulations

				Fibers		0		0		0		0												0																														0						0		0		0		0		0						0								0

				Electronic		0		0		0		0						0		0		0		0																														0						0		0		0		0		0						0								0

				Magnetic		0		0		0		0		0				0		0		0		0																														0						0		0		0		0		0						0								0

				Optical		0		0		0		0		0				0		0		0		0																														0						0		0		0		0		0						0								0

				Structural materials

				Metals and alloys		0		0		0		0		0				0		0		0		0						0																								0						0		0		0		0		0						0								0

				Composites				0		0		0		0		0				0				0						0		0		0								0				0		0		0		0		0		0		0		0		0		0		0		0						0								0

				Ceramics/metal oxides		0		0		0		0		0				0		0		0		0						0																								0						0		0		0		0		0						0								0



&LJ.D. Hewes&C&D at &T&R&F: &A
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Hoechst
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MDL

		HOECHST

		Combinatorial R&D Methods: Market Potential vs. Technologies

								PHASE OF TECHNOLOGY										VALUE:

								PACING > 5 years away)										9		|

								KEY (2-4 years away)										3		3

								BASE (0 to 1 year away)										1		u

				TECHNOLOGIES--->				Library Design										Deposition								Library Validation				Processing						Screening																										Database/Informatics										Decision Tools						Base Technologies

		Industry		Market		Market Potential Year 2000, $B		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Diversity analysis/clustering/analysis		Literature/Patent Databases		Reagent Building Block Analysis		Statistics, modeling, design of experiments		Chemical Vapor Deposition		Ink jet		Laser ablation		Thermally-driven transport (e-beam, LEED, laser, etc.)		Molecular Modeling, QSAR. QSPR, etc.		Micro-Inspection/Error Identification On-line		Sample size --control  of interfacial, diffusion, mass transport		Mechanical: extrusion, etc.		Control of physical (e.g., temperature, time, stress)		Catalytic Selectivity		Catalyst Turn-over		Chemimetrics		Degredation (Heat, water, light, chemical, bio, combinations thereof)		Electrochemical properties (e.g., redox potential)		Electrical properties (conductivity, dielectric constant, etc.)		Luminescent properties (e.g., XRD)		Mechanical Properties (tensile, modulus, viscosity, etc.)		Molecular Weight		Molecular Speciation (mass spec.)		Optical characterization (IR, UV, UV-Vis, reflection, refraction, chirality etc.)		Polymer architecture/morphology		Thermal properties (e.g., conductivity, Tg, calorimetry)		Electronic Laboratory Notebook (ELN)		Entity Inventory		Indexing		Search engines/Inferential Engines		Patent and prior art reviews		Promotion analysis & tools		Prioritization		Structure Activity/Property Relationship Tools		Micro-machining		Robotics		Micro-fluidics

		Polymers

				Commodity (resins, film, fiber, rubbers, etc.)				3				u		u		u				u				u						u		3		u								u				u		3		3		3		u		u		|		3

				Engineering and Specialty Resins (incl. alloys, blends, etc.)				3				u		3		u				3				3						3		3		u								u				u		3		3		3		u		u		|		3

				Adhesives		65.000		3				u		3		u				3				3						3		3		u								u				u		3		3		3		u		u		|		3

		Catalysts

				Heterogeneous  (1 - 2 metals)

				Heterogeneous  (>2 metals)

				Homogeneous (1 -2 metals)

				Homogeneous (>2 metals)

				Supports

		Smart Materials

				Solids

				Fluids

		Electronic materials

				Polymers-optical				|				u		3		u				3				|						3		|		u								u				3		3		3		3		3		u		|		3

				Polymers-conducting				3				u		3		u				|				|						3		|		u								u				3		3		3		|		|		u		|		3

				Display Materials				3				u		3		u				|				|						3		|		u								u				3		3		3		|		|		u		|		3

				Membranes				|				u		3		u								|						3		3		u								u				3		3		3		3		3		u		|		3

				Magnetic materials		4.000

				Ceramics		6.600

				Semi-conductors		235.000

				Encapsulants/packaging				|				u		3		u				3				3						3		3		u								u				3		3		3		3		3		u		|		3

		Specialty & fine chemicals

				Coatings: protective

				anti-oxidants

				Formulations

				Impact modifiers

				Pigments/dispersants

				Refrigerants

				Scale inhibitors

				Surfactants

		Biomaterials

				Bio-sourced polymers				3				u		3		u				3				3						3		3		u								u				3		3		3		3		3		u		|		3

				Bio-compatible materials				|				u		3		u				3				3						3		3		u								u				3		3		3		3		3		u		|		3

				Bio-degradable polymers				|				u		3		u				3				3						3		3		u								u				3		3		3		3		3		u		|		3

		Optical materials

				Coatings

				Photo-refractives

				Opto-electronics

				Non-Linear Optical materials

		Glass formulations

				Fibers		1.300

				Electronic		2.000

				Magnetic		0.140

				Optical		0.075

		Structural materials

				Metals and alloys

				Composites				3				3		|		u				|				|						|		|		u								u				3		3		3		3		|		u		|		3

				Ceramics/metal oxides





UOP

		MDL

		Combinatorial R&D Methods: Market Potential vs. Technologies

								PHASE OF TECHNOLOGY										VALUE:

								PACING > 5 years away)										9		|

								KEY (2-4 years away)										3		3

								BASE (0 to 1 year away)										1		u

				TECHNOLOGIES--->				Library Design										Deposition								Library Validation				Processing						Screening																										Database/Informatics										Decision Tools						Base Technologies

		Industry		Market		Market Potential Year 2000, $B		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Diversity analysis/clustering/analysis		Literature/Patent Databases		Reagent Building Block Analysis		Statistics, modeling, design of experiments		Chemical Vapor Deposition		Ink jet		Laser ablation		Thermally-driven transport (e-beam, LEED, laser, etc.)		Molecular Modeling, QSAR. QSPR, etc.		Micro-Inspection/Error Identification On-line		Sample size --control  of interfacial, diffusion, mass transport		Mechanical: extrusion, etc.		Control of physical (e.g., temperature, time, stress)		Catalytic Selectivity		Catalyst Turn-over		Chemimetrics		Degredation (Heat, water, light, chemical, bio, combinations thereof)		Electrochemical properties (e.g., redox potential)		Electrical properties (conductivity, dielectric constant, etc.)		Luminescent properties (e.g., XRD)		Mechanical Properties (tensile, modulus, viscosity, etc.)		Molecular Weight		Molecular Speciation (mass spec.)		Optical characterization (IR, UV, UV-Vis, reflection, refraction, chirality etc.)		Polymer architecture/morphology		Thermal properties (e.g., conductivity, Tg, calorimetry)		Electronic Laboratory Notebook (ELN)		Entity Inventory		Indexing		Search engines/Inferential Engines		Patent and prior art reviews		Promotion analysis & tools		Prioritization		Structure Activity/Property Relationship Tools		Micro-machining		Robotics		Micro-fluidics

		Polymers

				Commodity (resins, film, fiber, rubbers, etc.)						u		u		u																																																u		u		u		u		u						u

				Engineering and Specialty Resins (incl. alloys, blends, etc.)						u		u		u																																																u		u		u		u		u						u

				Adhesives		65.000				u		u		u																																																u		u		u		u		u						u

		Catalysts

				Heterogeneous  (1 - 2 metals)						3		3		3																																																3		3		3		3		3						3

				Heterogeneous  (>2 metals)						3		3		3																																																3		3		3		3		3						3

				Homogeneous (1 -2 metals)						3		3		3																																																3		3		3		3		3						3

				Homogeneous (>2 metals)						3		3		3																																																3		3		3		3		3						3

				Supports						3		3		3																																																3		3		3		3		3						3

		Smart Materials

				Solids						3		3		3																																																3		3		3		3		3						3

				Fluids						3		3		3																																																3		3		3		3		3						3

		Electronic materials

				Polymers-optical						u		u		u																																																u		u		u		u		u						u

				Polymers-conducting						3		3		3																																																3		3		3		3		3						3

				Display Materials						3		3		3																																																3		3		3		3		3						3

				Membranes						3		3		3																																																3		3		3		3		3						3

				Magnetic materials		4.000				3		3		3																																																3		3		3		3		3						3

				Ceramics		6.600				3		3		3																																																3		3		3		3		3						3

				Semi-conductors		235.000				3		3		3																																																3		3		3		3		3						3

				Encapsulants/packaging						3		3		3																																																3		3		3		3		3						3

		Specialty & fine chemicals

				Coatings: protective						3		3		3																																																3		3		3		3		3						3

				anti-oxidants						3		3		3																																																3		3		3		3		3						3

				Formulations						|		|		|																																																|		|		|		|		|						|

				Impact modifiers						u		u		u																																																u		u		u		u		u						u

				Pigments/dispersants						u		u		u																																																u		u		u		u		u						u

				Refrigerants						u		u		u																																																u		u		u		u		u						u

				Scale inhibitors						u		u		u																																																u		u		u		u		u						u

				Surfactants						3		3		3																																																3		3		3		3		3						3

		Biomaterials

				Bio-sourced polymers						3		3		3																																																3		3		3		3		3						3

				Bio-compatible materials						3		3		3																																																3		3		3		3		3						3

				Bio-degradable polymers						3		3		3																																																3		3		3		3		3						3

		Optical materials

				Coatings						3		3		3																																																3		3		3		3		3						3

				Photo-refractives						3		3		3																																																3		3		3		3		3						3

				Opto-electronics						3		3		3																																																3		3		3		3		3						3

				Non-Linear Optical materials						3		3		3																																																3		3		3		3		3						3

		Glass formulations

				Fibers		1.300				|		|		|																																																|		|		|		|		|						|

				Electronic		2.000				|		|		|																																																|		|		|		|		|						|

				Magnetic		0.140				|		|		|																																																|		|		|		|		|						|

				Optical		0.075				|		|		|																																																|		|		|		|		|						|

		Structural materials

				Metals and alloys						3		3		3																																																3		3		3		3		3						3

				Composites						|		|		|																																																|		|		|		|		|						|

				Ceramics/metal oxides						|		|		|																																																|		|		|		|		|						|





Mini

		





Symyx

										3 - 4		Key

										5 - 9		Pacing

								Library Design										Deposition		Validation		Processing				Screening																				Database/Informatics

								Computational: Molecular Modeling, Simulations		Diversity analysis/clustering/analysis		Literature/Patent Databases		Reagent Building Block Analysis		Statistics, modeling, design of experiments		Laser ablation		Molecular Modeling, QSAR. QSPR, etc.		Mechanical: extrusion, etc.		Control of physical (e.g., temperature, time, stress)		Catalytic Selectivity		Catalyst Turn-over		Chemimetrics		Degradation (heat, water, light, etc.)		Electrical properties (conductivity,  etc.)		Luminescent properties (e.g., XRD)		Mechanical Properties (tensile, modulus, etc.)		Molecular Weight		Molecular Speciation (mass spec.)		Thermal properties (e.g., conductivity, Tg, etc.)		Electronic Laboratory Notebook (ELN)		Entity Inventory		Indexing		Search engines/Inferential Engines		Patent and prior art reviews		Structure Activity/Property Relationship Tools

				Polymers		Commodity (resins, film, fiber, rubbers, etc.)

						Engineering Plastics, alloys, blends

						Adhesives

				Catalysts		Heterogeneous  (1 - 2 metals)

						Homogeneous (>2 metals)

						Supports

				Smart Materials		Solids

						Fluids

				Electronic materials		Polymers-conducting

						Display Materials

						Membranes

						Magnetic materials

						Ceramics

						Semi-conductors

						Encapsulants/packaging

				Biomaterials		Bio-sourced polymers

						Bio-compatible materials

						Bio-degradable polymers

				Optical materials		Coatings

						Photo-refractives

						Opto-electronics

						Non-Linear Optical materials

				Structural materials		Metals and alloys

						Composites

						Ceramics/metal oxides





Graphs

		SYMYX TECHNOLOGIES

		Combinatorial R&D Methods: Market Potential vs. Technologies

								PHASE OF TECHNOLOGY										VALUE:

								PACING > 5 years away)										9		|

								KEY (2-4 years away)										3		3

								BASE (0 to 1 year away)										1		u

				TECHNOLOGIES--->				Library Design										Deposition								Library Validation				Processing						Screening																										Database/Informatics										Decision Tools						Base Technologies

		Industry		Market		Market Potential Year 2000, $B		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Diversity analysis/clustering/analysis		Literature/Patent Databases		Reagent Building Block Analysis		Statistics, modeling, design of experiments		Chemical Vapor Deposition		Ink jet		Laser ablation		Thermally-driven transport (e-beam, LEED, laser, etc.)		Molecular Modeling, QSAR. QSPR, etc.		Micro-Inspection/Error Identification On-line		Sample size --control  of interfacial, diffusion, mass transport		Mechanical: extrusion, etc.		Control of physical (e.g., temperature, time, stress)		Catalytic Selectivity		Catalyst Turn-over		Chemimetrics		Degredation (Heat, water, light, chemical, bio, combinations thereof)		Electrochemical properties (e.g., redox potential)		Electrical properties (conductivity, dielectric constant, etc.)		Luminescent properties (e.g., XRD)		Mechanical Properties (tensile, modulus, viscosity, etc.)		Molecular Weight		Molecular Speciation (mass spec.)		Optical characterization (IR, UV, UV-Vis, reflection, refraction, chirality etc.)		Polymer architecture/morphology		Thermal properties (e.g., conductivity, Tg, calorimetry)		Electronic Laboratory Notebook (ELN)		Entity Inventory		Indexing		Search engines/Inferential Engines		Patent and prior art reviews		Promotion analysis & tools		Prioritization		Structure Activity/Property Relationship Tools		Micro-machining		Robotics		Micro-fluidics

		Polymers

				Commodity (resins, film, fiber, rubbers, etc.)				|		|		|		|		|										3						3		3																3		3		3		u		3		3

				Engineering and Specialty Resins (incl. alloys, blends, etc.)				|		|		|		|		|										3						3		3																3		3		3		u		3		3

				Adhesives		65.000		|		|		|		|		|										3																								3		3		3		u		3		3

		Catalysts

				Heterogeneous  (1 - 2 metals)				3		3		3		3		3				u		u		u		u		u						u		3		3		3		3														u				u

				Heterogeneous  (>2 metals)				3		3		3		3		3				u		u		u		3		u						u		3		3		3		3														u				u

				Homogeneous (1 -2 metals)				3		3		3		3		3										3		u						u		3		3		3		3														u				u

				Homogeneous (>2 metals)				3		3		3		3		3										3		u						u		3		3		3		3														u				u

				Supports				3		3		3		3		3										3		u								3		3		3		3														u				u

		Smart Materials																		u		u		u																																u

				Solids				3		3		3		3		3										3																														u

				Fluids																						3																														u

		Electronic materials

				Polymers-optical																						u								u												3										u

				Polymers-conducting				3		3		3		3		3										u								u												3										u

				Display Materials				3		3		3		3		3				u		u		u		3		u						u												3		u								u

				Membranes				3		3		3		3		3										3																				3										u

				Magnetic materials		4.000		3		3		3		3		3				u		u		u		3		u						u												3										u

				Ceramics		6.600		3		3		3		3		3				u		u		u		3		u						u												3										u

				Semi-conductors		235.000		3		3		3		3		3				u		u		u		u		u																		3										u

				Encapsulants/packaging																						3																				3										u

		Specialty & fine chemicals

				Coatings: protective																						3																														u

				anti-oxidants																						3																														u

				Formulations				3		3		3		3		3										3																														u

				Impact modifiers																						3																														u

				Pigments/dispersants				3		3		3		3		3										3																														u

				Refrigerants																						3																														u

				Scale inhibitors																						3																														u

				Surfactants																						3																														u

		Biomaterials

				Bio-sourced polymers				|		|		|		|		|										3																														u

				Bio-compatible materials				|		|		|		|		|										3																														u

				Bio-degradable polymers				|		|		|		|		|										3																														u

		Optical materials

				Coatings																u		u		u		3																				3										u

				Photo-refractives				3		3		3		3		3				u		u		u		u		u						3												3										u

				Opto-electronics				3		3		3		3		3				u		u		u		u		u						3												3										u

				Non-Linear Optical materials				3		3		3		3		3				u		u		u		u		u						3												3										u

		Glass formulations

				Fibers		1.300																				3																														u

				Electronic		2.000														u		u		u		u																														u

				Magnetic		0.140		3		3		3		3		3				u		u		u		3																														u

				Optical		0.075		3		3		3		3		3				u		u		u		u																														u

		Structural materials

				Metals and alloys				3		3		3		3		3				u		u		u		u						3																								u

				Composites																						3						3																								u

				Ceramics/metal oxides				3		3		3		3		3				u		u		u		u						3																								u
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		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR

		Diversity analysis/clustering/analysis

		Literature/Patent Databases

		Reagent Building Block Analysis

		Statistics, modeling, design of experiments

		Chemical Vapor Deposition

		Ink jet

		Laser ablation

		Thermally-driven transport (e-beam, LEED, laser, etc.)

		Molecular Modeling, QSAR. QSPR, etc.

		Micro-Inspection/Error Identification On-line

		Sample size --control  of interfacial, diffusion, mass transport

		Mechanical: extrusion, etc.

		Control of physical (e.g., temperature, time, stress)

		Catalytic Selectivity
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		Chemimetrics

		Degredation (Heat, water, light, chemical, bio, combinations thereof)

		Electrochemical properties (e.g., redox potential)

		Electrical properties (conductivity, dielectric constant, etc.)
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		Mechanical Properties (tensile, modulus, viscosity, etc.)

		Molecular Weight
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		Polymer architecture/morphology
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		Electronic Laboratory Notebook (ELN)

		Entity Inventory
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		Patent and prior art reviews
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		Prioritization

		Structure Activity/Property Relationship Tools

		Micro-machining

		Robotics

		Micro-fluidics
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		Polyolefin Catalysts

		Total Polyolefin
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Summary

		

										N.A. Market Sizes, $M										ROW Market Sizes, $M										Global Market Sizes, $M

				Market Category		1995/6		1997		2000		2003		%AGR		1995/6		1997		2000		2003		%AGR		1995/6		1997		2000		2003		%AGR

				CATALYSTS

				1.  Refining		791		813		909				2

				2.  Chemicals		681		720		766				3

				3.  Polymerization		380		436		520

				4.  Emissions Control		1,070		1,201		1,390

						2,922		3,170		3,585		0

				POLYMERS

				l.  Polymer Additives		5,899				7,950		10,620		8

				2.  Engineering Polymers/Resins/Blends		5,832				8,500				10

				3.  Specialty Polymers

				a.  Adhesives		7,064				8,965				5

				b.  Lubricants		3,200				4,000		4,900		5

				4.  Commodity Polymers

				5.  Membranes/Separations		914		1,182

						22,909		1,182		29,415		15,520

				ELECTRONIC MATERIALS

				1.  Electronic Chemicals		2,676				3,471		4,584		6

				2,  Electronic Materials

						2,676		0		3,471		4,584

				STRUCTURAL MATERIALS

				1.  Advanced Ceramics (powders)		694				1,050				9

				2.  Metals & Alloys

						694		0		1,050		0

				OPTICAL MATERIALS

				1.  Crystals

				2.  Coatings

				3.  Optoelectronics		7,000		8,600				25,000

						7,000		8,600		0		25,000

				OTHER SPECIALTY CHEMICALS

				1.  Paints/coatings

				2.  Pesticides

				3,  Water treatment chemicals

						0		0		0		0





Catalysts

		

				CATALYSTS

				North America

				Market Category		1995		1995		1997		1997		2000		2000		2003		2003

						000's mt		$ M		000's mt		$ M		000's mt		$ M		000's mt		$ M

				Refining Catalyst Consumption

				FCC

				Reforming

				Hydrocracking

				Hydrorefining & Hydrotreating

				Polymerization & Isomerization & Etherification

				Claus & Tail Gas & Other

				Alkylation:  HF+H2SO4

				Total Refining Catalysts, less HF/H2SO4 alkylation

				Total Refining Catalysts

				Chemicals

				Aromatics

				Organic Synthesis

				Oxidation

				Ammonia/Hydrogen/Methanol

				Hydrogenation

				Dehydrogenation

				Total  Catalysts for Chemicals Production

				Polymerization

				Polyolefin						1,490		302		1,777		385		2,055		480

				Other PS, PET, etc.)								40				50				60

				Total Polymerization Catalysts						1,490		342		1,777		435		2,055		540

				Environmental

				Mobile Air Pollution Control								465				548				564

				Stationary Pollution Control								330				365				445

				Total Environmental Control Catalyst								795				913				1,099

				Total Catalysts Market-North America

				ROW=W.&E. Europe, Middle East/Africa, Pacific Rim & S. Asia, China, Japan, Latin America

				Market Category		1995		1995		1997		1997		2000		2000		2003		2003

						000's mt		$ M		000's mt		$ M		000's mt		$ M		000's mt		$ M

				Refining Catalyst Consumption

				FCC		234.1		362		243.5		363		236		359		243.4		379

				Reforming		4		76		5		75		5		76		5		78

				Hydrocracking		2		46		2		31		3		44		3		48

				Hydrorefining & Hydrotreating		65		428		47		461		75		494		78		522

				Polymerization & Isomerization & Etherification		32		115		10		41		11		48		11		49

				Claus & Tail Gas & Other		20		68		67		326		67		325		71		360

				Alkylation:  HF+H2SO4		337		177		546		268		610		266		620		266

				Total Refining Catalysts, less HF/H2SO4 alkylation		357		1,095		373		1,296		395		1,346		411		1,436

				Total Refining Catalysts		694		1,272		919		1,564		1,005		1,612		1,031		1,702

				Chemicals																(2002)

				Aromatics						26		123				133				144

				Organic Synthesis						177		174				178				185

				Oxidation						45		324				340				376

				Ammonia/Hydrogen/Methanol						112		555				563				581

				Hydrogenation						63		230				235				249

				Dehydrogenation						5		135				138				144

				Total  Catalysts for Chemicals Production						427		1,541				1,587				1,679

				Polymerization

				Polyolefin

				Other PS, PET, etc.)

				Total Polymerization Catalysts

				Environmental

				Mobile Air Pollution Control

				Stationary Pollution Control

				Total Environmental Control Catalyst

				Total Catalysts Market-ROW

				GLOBAL

				Market Category		1995		1995		1997		1997		2000		2000		2003		2003

						000's mt		$ M		000's mt		$ M		000's mt		$ M		000's mt		$ M

				Refining Catalyst Consumption

				FCC

				Reforming

				Hydrocracking

				Hydrorefining & Hydrotreating

				Polymerization & Isomerization & Etherification

				Claus & Tail Gas & Other

				Alkylation:  HF+H2SO4

				Total Refining Catalysts, less HF/H2SO4 alkylation

				Total Refining Catalysts

				Chemicals

				Aromatics

				Organic Synthesis

				Oxidation

				Ammonia/Hydrogen/Methanol

				Hydrogenation

				Dehydrogenation

				Total  Catalysts for Chemicals Production

				Polymerization

				Polyolefin

				Other PS, PET, etc.)

				Total Polymerization Catalysts

				Environmental

				Mobile Air Pollution Control

				Stationary Pollution Control

				Total Environmental Control Catalyst								1,572				1,822				2,136

				TOTAL GLOBAL CATALYST MARKETS





Chemicals

		CHEMICALS PRODUCTION FROM CATALYTIC PROCESSES

		CATALYTIC REFINING/CHEMICALS PRODUCTION, ROW (1997)																CATALYTIC REFINING/CHEMICALS PRODUCTION, N. AMERICA (1997)

		Chemicals																Chemicals

				Vol. (000's t)		$ M														Vol. (000's t)		$ M

		Aromatics		31404														Aromatics		13563

		Organic Synthesis		7326														Organic Synthesis		4226

		Oxidation		200,381														Oxidation		85,721

		Steam Reforming		135,570														Steam Reforming		27,420

		Hydrogenation		96,760														Hydrogenation		39,044

		Dehydrogenation		14,492														Dehydrogenation		5,852

		TOTAL		485,933						CATALYTIC REFINING/CHEMICALS PRODUCTION, N.A. vs. ROW (1997)								TOTAL		175,826

										Chemicals

												N. America (vol.)		ROW (vol.)

										Aromatics		13563		31404

										Organic Synthesis		4226		7326

										Oxidation		85,721		200,381

										Steam Reforming		27,420		135,570

										Hydrogenation		39,044		96,760

										Dehydrogenation		5,852		14,492

												175826		485933

										CATALYTIC REFINING/CHEMICALS PRODUCTION, N.A. vs. ROW (1997)

										Chemicals

												N. America ($M)		ROW ($M)

										Aromatics

										Organic Synthesis

										Oxidation

										Steam Reforming

										Hydrogenation

										Dehydrogenation

												0		0





Polymers

				POLYMERS PRODUCTION FROM CATALYTIC PROCESSES

				North America

				Market Category		1995		1995		1997		1997		2000		2000		2003		2003

						1000 mt		$ M		1000 mt		$ M		1000 mt		$ M		1000 mt		$ M

				Polymer Additives

				Fillers

				Volume Additives

				Performance Additives

				Engineered Plastics (ref. Freedonia=3+4+5)

				Nylon

				Polycarbonate

				Thermoplastic Polyester

				Other Resins

				Blends and Alloys (ref. F&S)

				Polycarbonate Blends/Alloys

				Nylon Blends/Alloys

				Other Blends and Alloys

				Thermoplastic Elastomers (ref. F&S)

				Styrene Copolymer Blends

				Thermoplastic Olefins

				Thermoplastic Vulcnizates

				Other Thermoplastic Elastomers

				Reinforced and Filled Resins  (ref. F&S)

				Reinforced Resins

				Filled Resins

				Specialty Polymers

				Adhesives

				Industrial Lubricants

				Commodity Polymers

				Polyethylene (PE)						12,283		14,292		14,365		15,952				17,669

				Polypropylene (PP)						6,037		5,738		6,818		6,754				7,829

				Polyvinyl Chloride (not catalytic)						6,448		6,352		7,212		6,847				7,328

				Polystyrene (not catalytic)						2,894		3,320		3,039		3,549				3,769

				Polyethylene Terephthalate Resin (not catalytic)						1,637		3,984		2,232		4,629				5,304

				Nylon resin (not catalytic)						1,254		3,456		1,352		3,382

										623		961		606		821

				Total Commodity Polymers						31,177		38,103		35,623		41,934

				Total Polymers-NA

				ROW=W.&E. Europe, Middle East/Africa, Pacific Rim & S. Asia, Chiana, Japan, Latin America

				Market Category		1995		1995		1997		1997		2000		2000		2003		2003

						1000 mt		$ M		1000 mt		$ M		1000 mt		$ M		1000 mt		$ M

				Polymer Additives

				Fillers

				Volume Additives

				Performance Additives

				Total Polymer Additives

																								1996		1996		2001		2001		2006		2006

				Engineered Plastics (ref. Freedonia=3+4+5)																		2.  Engineered Plastics		Vol. (mt)		$ M		Vol. (mt)		$ M		Volume		Million $

				Nylon																		a.  Nylon		900		1692		1150		2473		1430		3446

				Polycarbonate																		b.  Polycarbonate		835		1570		1083		2328		1389		3347

				Thermoplastic Polyester																		c.  Thermoplastic Polyester		296		556		380		817		480		1157

				Other Resins																		d.  Other Resins		569		1070		707		1520		581		2051

				Total Engineered Plastics																				2600		4882		3320		7150		4150		10000

				Blends and Alloys (ref. F&S)

				Polycarbonate Blends/Alloys

				Nylon Blends/Alloys

				Other Blends and Alloys

				Total Blends and Alloys

				Thermoplastic Elastomers (ref. F&S)

				Styrene Copolymer Blends

				Thermoplastic Olefins

				Thermoplastic Vulcnizates

				Other Thermoplastic Elastomers

				Total Thermoplastic Elastomers

				Reinforced and Filled Resins  (ref. F&S)

				Reinforced Resins

				Filled Resins

				Specialty Polymers

				Adhesives

				Industrial Lubricants

				Total Specialty Polymers

				Commodity Polymers

				Polyethylene (PE)								28,452				32,812				51,165

				Polypropylene (PP)								22152				26773				31854

				Polyvinyl Chloride (PVC)								16,440				18,396				20,435

				Polystyrene (PS)								9,364				10,411				11,472

				Polyethylene Terephthalate (PET)								14,827				18,472				22,619

				Total Commodity Polymers								91,235				106,864				137,545

				Total Polymers-ROW

				GLOBAL

				Market Category		1995		1995		1997		1997		2000		2000		2003		2003

						1000 mt		$ M		1000 mt		$ M		1000 mt		$ M		1000 mt		$ M

				Polymer Additives

				Fillers

				Volume Additives

				Performance Additives

				Total Polymer Additives

				Engineered Plastics (ref. Freedonia=3+4+5)

				Nylon

				Polycarbonate

				Thermoplastic Polyester

				Other Resins

				Total Engineered Plastics

				Blends and Alloys (ref. F&S)

				Polycarbonate Blends/Alloys

				Nylon Blends/Alloys

				Other Blends and Alloys

				Total Blends and Alloys

				Thermoplastic Elastomers (ref. F&S)

				Styrene Copolymer Blends

				Thermoplastic Olefins

				Thermoplastic Vulcnizates

				Other Thermoplastic Elastomers

				Total Thermoplastic Elastomers

				Reinforced and Filled Resins  (ref. F&S)

				Reinforced Resins

				Filled Resins

				Specialty Polymers

				Adhesives

				Industrial Lubricants

				Total Specialty Polymers

				Commodity Polymers

				Polyethylene (PE)

				Polypropylene (PP)

				Polyvinyl Chloride (PVC)

				Polystyrene (PS)

				Polyethylene Terephthalate (PET)

				Total Commodity Polymers

				Total Polymers-GLOBAL





Electronic Materials

						$M		1997		1998		1999		2000		AGR

				Photo Resists				804		845		943		1055		8.4

				Adhesives





Membranes

		

				MEMBRANES PRODUCTION

				Market Category		1995		1995		1996		1996		1997		1997		1999		1999		2000		2000		2001		2001		2003		2003		2006		2006

						Vol.		M$		Vol.		M$		Vol.		M$		Vol.		M$		Vol.		M$		Vol.		M$		Vol.		M$		Vol.		M$

				Membranes and Separations																600

				Microfiltration																137

				Ultrafiltration																100

				Reverse Osmosis																158

				Gas Separation																16

				Electrolysis																7

				Electrodialysis																8

				Pervaporation																180

				Dialysis																1206

																				2412

				Total Membranes and Separations												914





Structural Materials

		





Optical Materials

		





Misc. Specialties

		





Comparisons

		

																				Catalyst Demand for Chemicals Production (vol., 1997)

																				Catalyst		N. America		ROW

																				Aromatics		37		123

																				Organic Synthesis		276		174

																				Oxidation		64		324

																				Ammonia/Hydrogen/Methanol		135		555

																				Hydrogenation		88		230

																				Dehydrogenation		6		135

																				Total		606		1,541

																				Catalyst Demand for Chemicals Production (vol., 1997)

																						N. America		ROW

																				Aromatics		37		123

																				Organic Synthesis		276		174

																				Oxidation		64		324

																				Ammonia/Hydrogen/Methanol		135		555

																				Hydrogenation		88		230

																				Dehydrogenation		6		135

																				Total		606		1,541

																				Chemicals Produced by Catalysts by Demand (vol., 1997)

																						N. America		ROW

																				Aromatics		13,563		31,404

																				Organic Synthesis		4,226		7,326

																				Oxidation		85,721		200,381

																				Steam Reforming		27,420		135,570

																				Hydrogenation		39,044		96,760

																				Dehydrogenation		5,852		14,492

																				Total		175,826		485,933

																						Chemicals Produced by Catalysts by Demand (vol., 1997)

																						N. America		ROW

																				Aromatics		13,563		31,404

																				Organic Synthesis		4,226		7,326

																				Oxidation		85,721		200,381

																				Steam Reforming		27,420		135,570

																				Hydrogenation		39,044		96,760

																				Dehydrogenation		5,852		14,492

																				Total		175,826		485,933

																						Catalysts		Chemicals

																				Aromatics		37		13,563

																				Organic Synthesis		276		4,226

																				Oxidation		64		85,721

																				Ammonia/Hydrogen/Methanol		135		27,420

																				Hydrogenation		88		39,044

																				Dehydrogenation		6		5,852

																						Chemicals Produced by Catalysts by Demand (vol., 1997)

																						Catalysts		Chemicals

																				Aromatics		37		13,563

																				Organic Synthesis		276		4,226

																				Oxidation		64		85,721

																				Ammonia/Hydrogen/Methanol		135		27,420

																				Hydrogenation		88		39,044

																				Dehydrogenation		6		5,852

																						Catalysts, ROW		Chemicals, ROW

																				Aromatics		123		31404

																				Organic Synthesis		174		7326

																				Oxidation		324		200,381

																				Ammonia/Hydrogen/Methanol		555		135,570

																				Hydrogenation		230		96,760

																				Dehydrogenation		135		14,492

																						Catalysts		Chemicals

																				Aromatics		123		31404

																				Organic Synthesis		174		7326

																				Oxidation		324		200,381

																				Ammonia/Hydrogen/Methanol		555		135,570

																				Hydrogenation		230		96,760

																				Dehydrogenation		135		14,492

																						Catalysts to Polyolefins-Global Demand

																						1997		2000		2003

																				Catalysts		975		1,166		1,335

																				Polyolefin		70,634		82,291		108,517

																						1997		1997		2000		2000		2003		2003

																						1000 mt		$ M		1000 mt		$ M		1000 mt		$ M

																				Polymerization Catalysts-NA

																				Polyolefin Catalysts		1,490		$302		1,777		$385		2,055		$480

																				Other PS, PET, etc.)				$40				$50				$60

																				Total Polymerization Catalysts		1,490		$342		1,777		$435		2,055		$540

																				Commodity Polymers-NA

																				Polyethylene (PE)		12,283		$14,292		14,365		$15,952				$17,669

																				Polypropylene (PP)		6,037		$5,738		6,818		$6,754				$7,829

																				Total Polyolefin		18,320		$20,030		21,183		$22,706		0		$25,498

																				Polyvinyl Chloride (not catalytic)		6,448		$6,352		7,212		$6,847				$7,328

																				Polystyrene (not catalytic)		2,894		$3,320		3,039		$3,549				$3,769

																				Polyethylene Terephthalate Resin (not catalytic)		1,637		$3,984		2,232		$4,629				$5,304

																				Nylon resin (not catalytic)		1,254		$3,456		1,352		$3,382

																						623		$961		606		$821

																				Total Commodity Polymers





Comparisons
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Oxidation

Ammonia/Hydrogen/Methanol

Hydrogenation

Dehydrogenation
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N.A. vs. ROW, Catalysts for Chemicals Production (1997)



		



Aromatics

Organic Synthesis
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N.A. vs. ROW, Chemicals Produced by Catalysts (1997)
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Catalysts to Chemicals, ROW (1997)
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Catalysts to Chemicals, N.A. (1997)
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N.A. vs. ROW Chemical Production from Catalysts (1997)
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Catalysts to Chemical Production, N. America (1997)
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Catalysts vs. Chemicals Production, ROW (1997)



		



Aromatics

Organic Synthesis

Oxidation

Ammonia/Hydrogen/Methanol

Hydrogenation

Dehydrogenation

Demand (000's mt)

N.A. vs. ROW, Catalysts for Chemicals Production  (1997)



		



Demand (log 000's mt)

Catalysts to Polyolefin--Global Demand (1997)



		



log Demand (000 mt)

Polyolefins: Catalysts to Polymer in N. America (1997)



		



log Sales ($M)

Polyolefins: Catalysts to Polymers in N. America (1997)
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Top 300

		

				RANKED BY R&D SPENDING																		RANKED BY STATE AND SPENDING																RANKED BY INDUSTRY

		RANK		COMPANY		HQTRS. LOCATION--CITY		HQTRS. LOCATION--STATE		SIC		97 R&D ($M)		% R&D/SALES		% CHANGE FROM '96				RANK		COMPANY		HQTRS. LOCATION--CITY		HQTRS. LOCATION--STATE		SIC		97 R&D ($M)		% R&D/SALES		% CHANGE FROM '96						Rank		Company		R&D $M		% R&D/SALES		% CHANGE FROM '96

		1		GENERAL MOTORS CORP		DETROIT		MI		3711		8414		6		-8				194		INTERGRAPH CORP		HUNTSVILLE		AL		7373		97		9		-5				AEROSPACE																CONSUMER/FOOD		2.9

		2		FORD MOTOR CO		DEARBORN		MI		3711		6538		5		-7				48		ALLTEL CORP		LITTLE ROCK		AR		4813		565		17		-2						12		BOEING CO		1887		5.3		60.3						CHEMICAL & MATERIALS		3.2

		3		INTL BUSINESS MACHINES CORP		ARMONK		NY		3570		4327		5		10				298		EARTHLINK NETWORK INC		PASADENA		CA		7370		54		56		15						36		LOCKHEED MARTIN CORP		795		2.9		0.5						AEROSPACE		3.4

		4		LUCENT TECHNOLOGIES INC		MURRAY HILL		NJ		3661		4119		12		120				290		N LABORATORIES		FREMONT		CA		3674		56		22		2						67		RAYTHEON CO		411		2.6		28.4						MANUFACTURING		3.7

		5		HEWLM-PACKARD CO		PALO ALTO		CA		3570		3135		7		13				282		APPLIED MAGNETICS CORP		GOLETA		CA		3679		58		15		3						81		NORTHROP GRUMMAN CORP		272		3.2		0.4						CONGLOMERATES		3.8

		6		MOTOROLA INC		SCHAUMBURG		IL		3663		2743		9		15				278		WATKINS-JOHNSON		PALO ALTO		CA		3559		59		13		-4						169		TRINITY INDUSTRIES		120		6.2		12.0						AUTOMOTIVE		4.2

		7		El DU PONT DE NEMOURS		WILMINGTON		DE		2820		2527		3		151				277		MAXIM INTEGRATED PRODUCTS		SUNNYVALE		CA		3674		59		11		8						187		BF GOODRICH CO		105		4.5		1.3						ELECTRONIC HARDWARE		6.5

		8		INTEL CORP		SANTA CLARA		CA		3674		2330		9		30				259		C-CUBE MICROSYSTEMS INC		MILPITAS		CA		3577		64		14		45						203		LEAR CORP		92		1.1		29.1						COMPUTERS		7.1

		9		JOHNSON &JOHNSON		NEW BRUNSWICK		NJ		2834		2168		9		12				254		3DO CO		REDWOOD CITY		CA		7372		65		42		21						205		BRUNSWICK CORP		91		2.7		3.4						BIOMEDICAL		10.3

		10		MICROSOFT CORP		REDMOND		WA		7372		2141		17		34				247		AVANT CORP		SUNNYVALE		CA		7372		69		20		242						233		SUNDSTRAND CORP		73		3.6		32.7						TELECOMMUNICATIONS		10.3

		11		PFIZER INC		NEW YORK		NY		2834		1940		15		15				246		READ-RITE CORP		MILPITAS		CA		3679		69		5		25						234		LITTON INDUSTRIES INC		72		1.8		7.7						ANALYTICAL INSTRUMENTATION		12.0

		12		BOEING CO		SEATTLE		WA		3721		1887		5		60				235		BRODERBUND SOFTWARE INC		NOVATO		CA		7372		72		20		80								Average:				3.4								SEMICONDUCTOR		13.1

		13		CHRYSLER CORP		AUBURN HILLS		MI		3711		1711		3		6				234		LITTON INDUSTRIES INC		WOODLAND HILLS		CA		3812		72		2		8				CHEMICAL/PETROCHEMICAL/MATERIALS																PHARMACEUTICALS		15

		14		MERCK & CO		WHITEHOUSE STATION		NJ		2834		1678		8		13				222		SILICON VALLEY GROUP INC		SAN JOSE		CA		3559		80		11		10						7		El DU PONT DE NEMOURS		2527		2.7		151.4						SOFTWARE		22.0

		15		AMERICAN HOME PRODUCTS CORP		MADISON		NJ		2834		1623		10		9				217		NETWORKS ASSOCIATES INC		SANTA CLARA		CA		7372		82		18								32		MONSANTO CO		934		7.9		29.0

		16		MCI COMMUNICATIONS		WASHINGTON		DC		4813		1549		7		5				212		IMAGYN MEDICAL TECHNOLOGIES		NEWPORT BEACH		CA		3845		85		11		8351						38		DOW CHEMICAL		769		3.8		3.2

		17		TEXAS INSTRUMENTS INC		DALLAS		TX		3674		1528		12		30				200		S31NC		SANTA CLARA		CA		3576		95		14		51						52		EXXON CORP		530		0.4		1.7

		18		COMPUTER ASSOCIATES INTL INC		ISLANDIA		NY		7372		1505		45		-42				197		CYPRESS SEMICONDUCTOR CORP		SAN JOSE		CA		3674		96		16		11						70		GOODYEAR TIRE & RUBBER CO		387		2.9		3

		19		GENERAL ELECTRIC CO		FAIRFIELD		CN		3600		1499		2		4				195		XILINX INC		SAN JOSE		CA		3674		96		12		10						85		PPG INDUSTRIES INC		251		3.3		5

		20		BRISTOL-MYERS SQUIBB		NEWYORK		NY		2834		1383		9		9				189		VLSI TECHNOLOGY INC		SAN JOSE		CA		3674		102		15		-6						88		CORNING INC		246		5.2		31

		21		ELI LILLY & CO		INDIANAPOLIS		IN		2834		1379		16		16				181		RATIONAL SOFTWARE CORP		SANTA CLARA		CA		7372		111		27		230						90		MOBIL CORP		237		0.3		14

		22		PROCTER & GAMBLE CO		CINCINNATI		OH		2840		1325		4		5				176		INTUIT INC		MOUNTAIN VIEW		CA		7372		114		16		24						113		ROHM & HAAS CO		202		4.7		8

		23		CISCO SYSTEMS INC		SAN JOSE		CA		3576		1316		10		202				174		VARIAN ASSOCIATES INC		PALO ALTO		CA		3826		117		7		1						114		SHELL OIL CO		200		0.6		15

		24		ABBOTR LABORATORIES		ABBOTR PARK		IL		2834		1308		11		8				173		SYMANTEC CORP		CUPERTINO		CA		7372		117		21		-3								Average:				3.2

		25		PHARMACIA & UPJOHN INC		BRIDGEWATER		NJ		2834		1308		17		-4				170		RAYCHEM CORP		MENLO PARK		CA		3640		120		7		-2				ANALYTICAL INSTRUMENTATION

		26		EASTMAN KODAK CO		ROCHESTER		NY		3861		1223		6		20				167		ATLANTIC RICHFIELD CO		LOS ANGELES		CA		2911		121		1		13						69		BECKMAN COULTER C		391		10.5		274.2

		27		UNITED TECHNOLOGIES CORP		HARTFORD		CN		3724		1185		5		6				161		PEOPLESOFT INC		PLEASANTON		CA		7372		129		19		50						103		TEKTRONIX INC		207		9.3		15

		28		TRW INC		CLEVELAND		OH		3714		1153		6		113				160		ATMEL CORP		SAN JOSE		CA		3674		129		10		12						133		TERADYNEINC		169		12.3		13

		29		XEROX CORP		STAMFORD		CT		3861		1089		6		3				159		ALLERGAN INC		IRVINE		CA		2834		131		10		11						134		MILLIPORE CORP		167		17.3		59

		30		MINNESOTA MINING & MFG CO		ST PAUL		MN		2670		1002		7		6				157		SYNOPSYS INC		MOUNTAIN VIEW		CA		7372		133		35		-7						150		KLA-TENCOR CORP		148

		31		DIGITAL EQUIPMENT		MAYNARD		MA		3570		985		7		-5				155		SYBASEINC		EMERYVILLE		CA		7372		145		16		-16						156		PERKIN-ELMER CORP		142		11.1		2

		32		MONSANTO CO		ST. LOUIS		MO		2800		934		8		29				153		INFORMIX CORP		MENLO PARK		CA		7372		146		17		22						174		VARIAN ASSOCIATES INC		117		6.9		1

		33		SUN MICROSYSTEMS INC		PALO ALTO		CA		3571		883		9		26				150		KLA-TENCOR CORP		SAN JOSE		CA		3827		148		8		154						221		WATERS CORP		81		10.3		101

		34		SCHERING-PLOUGH		MADISON		NJ		2834		841		13		17				146		ELECTRONIC ARTS INC		SAN MATEO		CA		7372		151		19		19						253		DYNATECH CORP		66		18.2		33

		35		COMPAQ COMPUTER CORP		HOUSTON		TX		3571		802		2		101				144		MATFEL INC		EL SEGUNDO		CA		3942		155		3		24								Average:				12.0

		36		LOCKHEED MARTIN CORP		BETHESDA		MD		3760		795		3		1				142		INTEGRATED DEVICE TECH INC		SANTA CLARA		CA		3674		159		17		3				COMPUTERS

		37		ORACLE CORP		REDWOOD CITY		CA		7372		778		10		35				139		WESTERN DIGITAL CORP		IRVINE		CA		3572		163		5		0						3		INTL BUSINESS MACHINES CORP		4327		5.2		10

		38		DOW CHEMICAL		MIDLAND		MI		2821		769		4		3				136		CADENCE DESIGN SYS INC		SAN JOSE		CA		7372		165		29		-30						5		HEWLETT-PACKARD CO		3135		7.1		13

		39		AT&T CORP		NEW YORK		NY		4813		759		1		30				128		ADAPTEC INC		MILPITAS		CA		3576		179		13		47						23		CISCO SYSTEMS INC		1316		9.7		202

		40		SPRINT CORP		KANSAS CITY		MO		4813		755		5		2				123		COMPUTER SCIENCES CORP		EL SEGUNDO		CA		7370		184		2		2						29		XEROX CORP		1089		6.0		3

		41		ROCKWELL INTL CORP		COSTA MESA		CA		3620		730		7		3				122		CHEVRON CORP		SAN FRANCISCO		CA		2911		186		1		-2						31		DIGITAL EQUIPMENT		985		7.3		-5

		42		BAXTERINTLINC		DEERFIELD		IL		3841		725		6		119				120		ADOBE SYSTEMS INC		SAN JOSE		CA		7372		187		22		2						33		SUN MICROSYSTEMS INC		883		9.3		26

		43		BY NETWORKS INC		SANTA CLARA		CA		3576		702		12		147				112		NOVELLUS SYSTEMS INC		SAN JOSE		CA		3559		202		12		288						35		COMPAQ COMPUTER CORP		802		2.2		101

		44		WARNER-LAMBERT CO		MORRIS PLAINS		NJ		2834		667		8		21				109		LAM RESEARCH CORP		FREMONT		CA		3559		202		14		-1						47		SEAGATE TECHNOLOGY		575		6.0		-11

		45		AMGENINC		THOUSAND OAKS		CA		2836		633		24		19				94		NETSCAPE COMMUNICATIONS CORP		MOUNTAIN VIEW		CA		7372		226		24		181						53		SILICON GRAPHICS INC		526		12.1		36

		46		APPLIED MATERIALS INC		SANTA CLARA		CA		3559		606.5*		12		18				93		LSI LOGIC CORP		MILPITAS		CA		3674		229		15		24						57		APPLE COMPUTER INC		485		6.1		-20

		47		SEAGATE TECHNOLOGY		SCOTTS VALLEY		CA		3572		575		6		-11				86		QUALCOMM INC		SAN DIEGO		CA		3663		250		20		45								Average:				7.1

		48		ALLTEL CORP		LITTLE ROCK		AR		4813		565		17		-2				81		NORTHROP GRUMMAN CORP		LOS ANGELES		CA		3812		272		3		0				AUTOMOTIVE

		49		PHILIP MORRIS COS INC		NEW YORK		NY		2111		540		1		4				78		CIRRUS LOGIC INC		FREMONT		CA		3576		309		21		-3						1		GENERAL MOTORS CORP		8414		5.6		-8

		50		NATIONAL SEMICONDUCTOR CORP		SANTA CLARA		CA		3674		540		14		23				77		CHIRON CORP		EMERYVILLE		CA		2835		314		22		11						2		FORD MOTOR CO		6538		4.6		-7

		51		CONAGRAINC		OMAHA		NE		2000		530		2		-0				69		BECKMAN COULTER INC		FULLERTON		CA		3826		391		11		274						13		CHRYSLER CORP		1711		2.7		6

		52		EXXON CORP		IRVING		TX		2911		530		0		2				66		QUANTUM CORP		MILPITAS		CA		3572		416		5		22						28		TRWINC		1153		5.6		113

		53		SILICON GRAPHICS INC		MOUNTAIN VIEW		CA		3571		526		12		36				65		GENENTECH INC		SOUTH SAN FRANCISCO		CA		2834		422		51		-7						54		CATERPILLAR INC		523		2.5		29

		54		CATERPILLAR INC		PEORIA		IL		3531		523		3		29				59		ADVANCED MICRO DEVICES		SUNNYVALE		CA		3674		470		21		17						55		ITT INDUSTRIES INC		516		6.1		-7

		55		ITr INDUSTRIES INC		WHITE PLAINS		NY		3714		516		6		-7				58		3COM CORP		SANTA CLARA		CA		3576		473		10		44						64		DEERE & CO		422		3.3		11

		56		SCHLUMBERGER LTD		NEW YORK		NY		1389		485		5		7				57		APPLE COMPUTER INC		CUPERTINO		CA		3571		485		6		-20						84		CUMMINS ENGINE		252		4.5		6

		57		APPLE COMPUTER INC		CUPERTINO		CA		3571		485		6		-20				53		SILICON GRAPHICS INC		MOUNTAIN VIEW		CA		3571		526		12		36						107		CASE CORP		204		3.6		2

		58		3COM CORP		SANTA CLARA		CA		3576		473		10		44				50		NATIONAL SEMICONDUCTOR CORP		SANTA CLARA		CA		3674		540		14		23						111		GENUINE PARTS CO		202		3.4		6

		59		ADVANCED MICRO DEVICES		SUNNYVALE		CA		3674		470		21		17				47		SEAGATE TECHNOLOGY		SCOTTS VALLEY		CA		3572		575		6		-11								Average:				4.2

		60		WORLDCOM INC		JACKSON		MS		4813		459		6		16				45		AMGENINC		THOUSAND OAKS		CA		2836		633		24		19				CONGLOMERATES

		61		EMERSON ELECTRIC CO		ST LOUIS		MO		3823		459		4		12				43		BY NETWORKS INC		SANTA CLARA		CA		3576		702		12		147						19		GENERAL ELECTRIC CO		1499		1.8		4

		62		NCR CORP		DAYTON		OH		7370		446		6		1				41		ROCKWELL INTL CORP		COSTA MESA		CA		3620		730		7		3						27		UNITED TECHNOLOGIES CORP		1185		4.8		6

		63		HONEYWELL INC		MINNEAPOLIS		MN		3822		442		5		26				37		ORACLE CORP		REDWOOD CITY		CA		7372		778		10		35						30		MINNESOTA MINING & MFG CO		1002		6.7		6

		64		DEERE & CO		MOLINE		IL		3523		422		3		11				33		SUN MICROSYSTEMS INC		PALO ALTO		CA		3571		883		9		26						41		ROCKWELL INTL CORP		730		6.7		3

		65		GENENTECH INC		SOUTH SAN FRANCISCO		CA		2834		422		51		-7				23		CISCO SYSTEMS INC		SAN JOSE		CA		3576		1316		10		202						49		PHILIP MORRIS COS INC		540		0.9		4

		66		QUANTUM CORP		MILPITAS		CA		3572		416		5		22				8		INTEL CORP		SANTA CLARA		CA		3674		2330		9		30						72		ALLIEDSIGNAL INC		351		2.5		1

		67		RAYTHEON CO		LEXINGTON		MA		3812		411		3		28				5		HEWLM-PACKARD CO		PALO ALTO		CA		3570		3135		7		13						97		TEXTRON INC		220		2.0		20

		68		EATON CORP		CLEVELAND		OH		3600		397		4		51				46		APPLIED MATERIALS INC		SANTA CLARA		CA		3559		606.5*		12		18						118		THERMO ELECTRON CORP		191		5.3		24

		69		BECKMAN COULTER INC		FULLERTON		CA		3826		391		11		274				238		U S SURGICAL CORP		NORWALK		Cf		3841		71		5		24						125		FMC CORP		182		3.8		-8

		70		GOODYEAR TIRE & RUBBER CO		AKRON		OH		3011		387		3		3				27		UNITED TECHNOLOGIES CORP		HARTFORD		CN		3724		1185		5		6						233		SUNDSTRAND CORP		73		3.6		33

		71		DSC COMMUNICATIONS CORP		PLANO		TX		3661		379		15		84				19		GENERAL ELECTRIC CO		FAIRFIELD		CN		3600		1499		2		4								Average:				3.8

		72		ALLIEDSIGNAL INC		MORRISTOWN		NJ		3724		351		3		1				102		STORAGE TECHNOLOGY		LOUISVILLE		CO		3572		208		9		19				BIOMEDICAL

		73		MEDTRONIC INC		MINNEAPOLIS		MN		3845		349		11		18				156		PERKIN-ELMER CORP		NORWALK		Cr		3826		142		11		2						42		BAXTER INTL INC		725		6.3		119

		74		AMP INC		HARRISBURG		PA		3678		322		6		1				283		CROMPTON & KNOWLES CORP		STAMFORD		CT		2820		58		3		2						73		MEDTRONIC INC		349		10.9		18

		75		AUTOMATIC DATA PROCESSING		ROSELAND		NJ		7374		319		7		19				279		CHAMPION INTL CORP		STAMFORD		CT		2621		59		1		-14						83		GUIDANT CORP		260		14.5		74

		76		COCA-COLA CO		ATLANTA		GA		2080		319		2		7				258		GARTNER GROUP INC		STAMFORD		CT		8700		65		9		1						95		BOSTON SCIENTIFIC CORP		224		14.5		-7

		77		CHIRON CORP		EMERYVILLE		CA		2835		314		22		11				243		TOSCO CORP		STAMFORD		CT		2911		69		1		35						126		BECTON DICKINSON & CO		182		5.6		17

		78		CIRRUS LOGIC INC		FREMONT		CA		3576		309		21		-3				242		COGNIZANT CORP		WESTPORT		CT		8700		70		5		1						182		ST JUDE MEDICAL INC		111		14.2		-9

		79		UNISYS CORP		BLUE BELL		PA		7370		300		5		-12				230		WITCO CORP		GREENWICH		CT		2860		76		3		-2						211		CR BARD INC		86		6.5		11

		80		NOVELL INC		PROVO		UT		7372		276		20		3				224		PRAXAIR INC		DANBURY		CT		2810		79		2		10						212		IMAGYN MEDICAL TECHNOLOGIES		85		10.5		8351

		81		NORTHROP GRUMMAN CORP		LOS ANGELES		CA		3812		272		3		0				207		PITNEY BOWES INC		STAMFORD		CT		3579		89		2		10						232		MARQUETTE MEDICAL SYSTEMS		73		14.3		-19

		82		PLATINUM TECHNOLOGY INC		OAKBROOK TERRACE		IL		7372		268		43		25				166		GTE CORP		STAMFORD		CT		4813		122		1		0						238		U S SURGICAL CORP		71		5.2		24

		83		GUIDANT CORP		INDIANAPOLIS		IN		3845		260		15		74				140		UNION CARBIDE CORP		DANBURY		CT		2860		160		3		-1								Average:				10.3

		84		CUMMINS ENGINE		COLUMBUS		IN		3510		252		5		6				29		XEROX CORP		STAMFORD		CT		3861		1089		6		3				COSUMER/FOOD

		85		PPG INDUSTRIES INC		PITTSBURGH		PA		2851		251		3		5				227		HARMAN INTL INDUSTRIES		WASHINGTON		D(		3651		77		4		12						22		PROCTER & GAMBLE CO		1325		3.5		5

		86		QUALCOMM INC		SAN DIEGO		CA		3663		250		20		45				286		CO		WASHINGTON		DC		3420		57		3		21						26		EASTMAN KODAK CO		1223		6.4		20

		87		CABLETRON SYSTEMS		ROCHESTER		NH		3576		249		17		-12				16		MCI COMMUNICATIONS		WASHINGTON		DC		4813		1549		7		5						51		CONAGRAINC		530		2.2		-0

		88		CORNING INC		CORNING		NY		3220		246		5		31				7		El DU PONT DE NEMOURS		WILMINGTON		DE		2820		2527		3		151						76		COCA-COLA CO		319		1.8		7

		89		JOHNSON CONTROLS INC		MILWAUKEE		WI		2531		238		2		41				273		IVAX CORP		MIAMI		FL		2834		60		6		-27						99		GILLETTE CO		218		2.1		4

		90		MOBIL CORP		FAIRFAX		VA		2911		237		0		14				268		B/E AEROSPACE INC		WELLINGTON		FL		2531		62		25		-36						100		KIMBERLY-CLARK CORP		217		1.6		2

		91		MICRON TECHNOLOGY INC		BOISE		ID		3674		233		5		9				266		REXALL SUNDOWN INC		BOCA RATON		FL		2834		63		21		10						101		ANHEUSER-BUSCH COS INC		212		1.9		2

		92		GENERAL INSTRUMENT CORP		HORSHAM		PA		3663		232		8		-1				201		SYKES ENTERPRISES INC		TAMPA		FL		7370		95		24		8						119		WHIRLPOOL CORP		188		2.3		-8

		93		LSI LOGIC CORP		MILPITAS		CA		3674		229		15		24				124		HARRIS CORP		MELBOURNE		FL		3663		183		4		9						127		RJR NABISCO HOLDINGS CORP		181		1.1		-7

		94		NETSCAPE COMMUNICATIONS CORP		MOUNTAIN VIEW		CA		7372		226		24		181				164		SCI ENT[ F] C-ATLANTA I N C		NORCROSS		GA		3663		123		9		20						132		COLGATE-PALMOLIVE CO		170		1.9		4

		95		BOSTON SCIENTIFIC CORP		NATICK		MA		3841		224		15		-7				111		GENUINE PARTS CO		ATLANTA		GA		5013		202		3		6						143		HASBROINC		157		5.1		2

		96		INGERSOLL-RAND CO		WOODCLIFF LAKE		NJ		3560		222		3		3				76		COCA-COLA CO		ATLANTA		GA		2080		319		2		7						144		MATTELINC		155		3.3		24

		97		TEXTRON INC		PROVIDENCE		RI		3720		220		2		20				147		PIONEER HI-BRED INTL		DES MOINES		IA		]00		150		8		7						165		POLAROID CORP		122		5.1		6

		98		IMC CORP		HOPKINTON		MA		3572		219		7		37				91		MICRON TECHNOLOGY INC		BOISE		ID		3674		233		5		9								Average:				2.9

		99		GILLEff I CO		BOSTON		MA		3420		218		2		4				280		DEKALB GENETICS CORP		DE KALB		IL		100		59		12		20				ELECTRONICS

		100		KIMBERLY-CLARK CORP		DALLAS		TX		2621		217		2		2				276		MORTON INTL INC		CHICAGO		IL		2891		60		2		-27						56		SCHLUMBERGER LTD		485		5.1		7

		101		ANHEUSER-BUSCH COS INC		ST LOUIS		MO		2082		212		2		2				274		BORG WARNER AUTOMOTIVE INC		CHICAGO		IL		3714		60		4		9						63		HONEYWELL INC		442		4.8		26

		102		STORAGE TECHNOLOGY		LOUISVILLE		CO		3572		208		9		19				256		[MC GLOBAL INC		NORTHBROOK		IL		2870		65		2		12						74		AMP INC		322		5.8		1

		103		TEKTRONIX INC		WILSONVILLE		OR		3825		207		9		15				249		MIDWAY GAMES INC		CHICAGO		IL		7372		68		13		72						98		FMC CORP		219		3.8		-8

		1O4		ANALOG DEVICES		NORWOOD		MA		3674		206		15		10				241		UNION TANK CAR CO		CHICAGO		IL		3743		70		9		6						102		STORAGE TECHNOLOGY		208		8.7		19

		105		LEARNING COMPANY INC		CAMBRIDGE		MA		7372		206		41		48				233		SUNDSTRAND CORP		ROCKFORD		IL		3728		73		4		33						128		ADAPTECINC		179		13.3		47

		106		CHECKFREE HOLDINGS CORP		COLUMBUS		OH		7372		206		91		103				214		RR DONNELLEY & SONS CO		CHICAGO		IL		2750		83		2		-12						137		HALLIBURTON CO		163		1.8		24

		107		CASE CORP		RACINE		WI		3523		204		4		2				208		MOLEX INC		LISLE		IL		3678		89		6		7						139		WESTERN DIGITAL CORP		163		5.2		0

		108		AUTODESKINC		SAN RAFAELCA				7372		203		19		83				205		BRUNSWICK CORP		LAKE FOREST		IL		3730		91		3		3						158		LEXMARK INTL GRP INC		131		5.2		4

		109		LAM RESEARCH CORP		FREMONT		CA		3559		202		14		-1				204		NAVISTAR INTL		CHICAGO		IL		3711		91		2		-9						200		S3 INC		95		14.4		51

		110		ELECTRONIC DATA SYSTEMS CORP		PLANO		TX		7370		202		1		1				149		AMOCO CORP		CHICAGO		IL		2911		150		1		-12						207		PITNEY BOWES INC		89		2.1		10

		111		GENUINE PARTS CO		ATLANTA		GA		5013		202		3		6				130		TELLABS INC		LISLE		IL		3661		173		21		-13						208		MOLEX INC		89		5.7		7

		112		NOVELLUS SYSTEMS INC		SAN JOSE		CA		3559		202		12		288				125		FMC CORP		CHICAGO		IL		2870		182		4		-8						210		FORE SYSTEMS INC		86		13.3		77

		113		ROHM & HAAS CO		PHILADELPHIA		PA		2821		202		5		8				82		PLATINUM TECHNOLOGY INC		OAKBROOK TERRACE		IL		7372		268		43		25						229		IOMEGA CORP		77		3.5		85

		114		SHELL OIL		HOUSTON		TX		2911		200		1		15				64		DEERE & CO		MOLINE		IL		3523		422		3		11						246		READ-RITE CORP		69		5.3		25

		115		IMATION CORP		OAKDALE		MN		3861		195		8		6				54		CATERPILLAR INC		PEORIA		IL		3531		523		3		29								Average:				6.5

		116		DANA CORP		TOLEDO		OH		3714		192		2		18				42		BAXTERINTLINC		DEERFIELD		IL		3841		725		6		119				SEMICONDUCTOR

		117		EASTMAN CHEMICAL CO		KINGSPORT		TN		2821		192		4		4				24		ABBOTR LABORATORIES		ABBOTR PARK		IL		2834		1308		11		8						8		INTEL CORP		2330		8.7		30

		118		THERMO ELECTRON CORP		WALTHAM		MA		3829		191		5		24				6		MOTOROLA INC		SCHAUMBURG		IL		3663		2743		9		15						17		TEXAS INSTRUMENTS INC		1528		11.9		30

		119		WHIRLPOOL CORP		BENTON HARBOR		MI		3,630		188		2		-8				84		CUMMINS ENGINE		COLUMBUS		IN		3510		252		5		6						46		APPLIED MATERIALS INC		607		11.6		18

		120		ADOBE SYSTEMS INC		SAN JOSE		CA		7372		187		22		2				83		GUIDANT CORP		INDIANAPOLIS		IN		3845		260		15		74						50		NATIONAL SEMICONDUCTOR CORP		540		13.8		23

		121		SIGMA-ALDRICH		ST LOUIS		MO		2836		187		17		7				21		ELI LILLY & CO		INDIANAPOLIS		IN		2834		1379		16		16						59		ADVANCED MICRO DEVICES		470		20.5		17

		122		CHEVRON CORP		SAN FRANCISCO		CA		2911		186		1		-2				158		LEXMARK INTL INC		LEXINGTON		KY		3577		131		5		4						91		MICRON TECHNOLOGY INC		233		5.3		9

		123		COMPUTER SCIENCES CORP		EL SEGUNDO		CA		7370		184		2		2				175		GLOBAL INDUSTRIES LTD		LAFAYETTE		LA		1389		116		34		8						93		LSI LOGIC CORP		229		14.9		24

		124		HARRIS CORP		MELBOURNE		FL		3663		183		4		9				292		OL ENERGY SERVICES CO		LEXINGTON		MA		2834		56		67		104						104		ANALOG DEVICES		206		14.9		10

		125		FMC CORP		CHICAGO		IL		2870		182		4		-8				257		PARAMETRIC TECHNOLOGY CORP		WALTHAM		MA		7372		65		12		-26						109		LAM RESEARCH CORP		202		13.5		-1

		126		BECTON DICKINSON & CO		FRANKLIN LAKES		NJ		3841		182		6		17				253		DYNATECH CORP		BURLINGTON		MA		3825		66		18		33						112		NOVELLUS SYSTEMS INC		202		11.7		288

		127		RJR NABISCO HOLDINGS CORP		NEWYORK		NY		2052		IBI.0		1		-7				225		PICTURETEL CORP		ANDOVER		MA		3661		79		13		32						142		INTEGRATED DEVICE TECH INC		159		16.9		3

		128		ADAPTEC INC		MILPITAS		CA		3576		179		13		47				221		WATERS CORP		MILFORD		MA		3826		81		10		101						160		ATMEL CORP		129		10.3		12

		129		DELL COMPUTER CORP		ROUND ROCK		TX		3571		175		1		65				220		AVID TECHNOLOGY INC		TEWKSBURY		MA		3861		81		17		2						189		VLSI TECHNOLOGY INC		102		14.7		-6

		130		TELLABS INC		LISLE		IL		3661		173		21		-13				206		STRATUS COMPUTER INC		MARLBOROUGH		MA		3571		90		13		14						195		XILINX INC		96		11.5		10

		131		GATEWAY 2000 INC		NORTH SIOUX CITY		SD		3571		171		3		28				185		GENZYME CORP		CAMBRIDGE		MA		2836		107		41		-54						197		CYPRESS SEMICONDUCTOR CORP		96		16.0		11

		132		COLGATE-PALMOLIVE CO		NEWYORK		NY		2844		170		2		4				180		DATA GENERAL CORP		WESTBORO		MA		3570		112		7		12								Average:				13.1

		133		TERADYNE INC		BOSTON		MA		3825		169		12		13				165		POLAROID CORP		CAMBRIDGE		MA		3861		122		5		6				MANUFACTURING

		134		MILLIPORE CORP		BEDFORD		MA		3826		167		17		59				154		BIOGEN INC		CAMBRIDGE		MA		2836		145		51		10						61		EMERSON ELECTRIC CO		459		3.6		12

		135		LCI INTL INC		MCLEAN		VA		4813		165		14		51				134		MILLIPORE CORP		BEDFORD		MA		3826		167		17		59						68		EATON CORP		397		3.8		51

		136		CADENCE DESIGN SYS INC		SAN JOSE		CA		7372		165		29		-30				133		TERADYNE INC		BOSTON		MA		3825		169		12		13						78		CIRRUS LOGIC INC		309		20.8		-3

		137		HALLIBURTON CO		DALLAS		TX		1389		163		2		24				118		THERMO ELECTRON CORP		WALTHAM		MA		3829		191		5		24						89		JOHNSON CONTROLS INC		238		1.6		41

		138		BAKER-HUGHES INC		HOUSTON		TX		3533		163		2		265				105		LEARNING COMPANY INC		CAMBRIDGE		MA		7372		206		41		48						96		INGERSOLL-RAND CO		222		3.1		3

		139		WESTERN DIGITAL CORP		IRVINE		CA		3572		163		5		0				99		GILLEff I CO		BOSTON		MA		3420		218		2		4						138		BAKER-HUGHES INC		163		1.5		265

		140		UNION CARBIDE CORP		DANBURY		CT		2860		160		3		-1				98		IMC CORP		HOPKINTON		MA		3572		219		7		37						168		DRESSER INDUSTRIES INC		121		1.7		9

		141		GLENAYRE TECHNOLOGIES INC		CHARLOTFE		NC		3663		159		7		472				95		BOSTON SCIENTIFIC CORP		NATICK		MA		3841		224		15		-7						170		RAYCHEM CORP		120		7.3		-2

		142		INTEGRATED DEVICE TECH INC		SANTA CLARA		CA		3674		159		17		3				67		RAYTHEON CO		LEXINGTON		MA		3812		411		3		28						183		AMERICAN STANDARD CO INC		111		1.4		38

		143		HASBRO INC		PAWTUCKEF		RI		3944		157		5		2				31		DIGITAL EQUIPMENT		MAYNARD		MA		3570		985		7		-5						192		HADCO CORP		98		1.2		1872

		144		MATFEL INC		EL SEGUNDO		CA		3942		155		3		24				36		LOCKHEED MARTIN CORP		BETHESDA		MD		3760		795		3		1						231		AEROQUIP-VICKERS INC		75		3.7		-4

		145		STERLING SOFTWARE INC		DALLAS		TX		7372		155		5		669				297		EAST HILLS, NY		BLOOMFIELD HILLS		MI		3690		56		2		15						237		PARKER-HANNIFIN CORP		72		1.6		15

		146		ELECTRONIC ARTS INC		SAN MATEO		CA		7372		151		19		19				272		STRYKER CORP		KALAMAZOO		MI		3841		60		7		-12						262		ALLEGHENY TELEDYNE INC		64		1.7		-9

		147		PIONEER HI-BRED INTL		DES MOINES		IA		]00		150		8		7				203		LEAR CORP		SOUTHFIELD		MI		2531		92		1		29						265		COOPER INDUSTRIES INC		63		1.1		6

		148		HOECHST CELANESE CORP		BRIDGEWATER		NJ		2820		150		2		-2				198		COMPUWARE CORP		FARMINGTON HILLS		MI		7372		96		11		-2						286		DANAHER CORP		57		2.1		18

		149		AMOCO CORP		CHICAGO		IL		2911		150		1		-12				119		WHIRLPOOL CORP		BENTON HARBOR		MI		3,630		188		2		-8								Average:				3.7

		150		KLA-TENCOR CORP		SAN JOSE		CA		3827		148		8		154				38		DOW CHEMICAL		MIDLAND		MI		2821		769		4		3				SOFTWARE

		151		ALUMINUM CO OF AMERICA		PITTSBURGH		PA		3334		148		1		-14				13		CHRYSLER CORP		AUBURN HILLS		MI		3711		1711		3		6						10		MICROSOFT CORP		2141		16.5		34

		152		TEXACO INC		WHITE PLAINS		NY		2911		147		0		6				2		FORD MOTOR CO		DEARBORN		MI		3711		6538		5		-7						18		COMPUTER ASSOCIATES INTL INC		1505		45.3		-42

		153		INFORMIX CORP		MENLO PARK		CA		7372		146		17		22				1		GENERAL MOTORS CORP		DETROIT		MI		3711		8414		6		-8						37		ORACLE CORP		778		10.4		35

		154		BIOGEN INC		CAMBRIDGE		MA		2836		145		51		10				188		DETROIT DIESEL CORP		DETROIT		Ml		3510		103		5		-7						62		NCR CORP		446		6.4		1

		155		SYBASEINC		EMERYVILLE		CA		7372		145		16		-16				186		KELLOGG CO		BATTLE CREEK		Ml		2040		105		1		26						75		AUTOMATIC DATA PROCESSING		319		7.0		19

		156		PERKIN-ELMER CORP		NORWALK		Cr		3826		142		11		2				255		GENERAL MILLS INC		MINNEAPOLIS		MN		2040		65		1		2						79		UNISYS CORP		300		5.4		-12

		157		SYNOPSYS INC		MOUNTAIN VIEW		CA		7372		133		35		-7				223		CERIDIAN CORP		MINNEAPOLIS		MN		8700		80		6		-15						80		NOVELL INC		276		20.0		3

		158		LEXMARK INTL INC		LEXINGTON		KY		3577		131		5		4				182		ST JUDE MEDICAL INC		ST PAUL		MN		3845		111		14		-9						82		PLATINUM TECHNOLOGY INC		268		43.0		25

		159		ALLERGAN INC		IRVINE		CA		2834		131		10		11				162		ADC TELECOMMUNICATIONS INC		MINNETONKA		MN		3661		126		11		36						94		NETSCAPE COMMUNICATIONS CORP		226		24.0		181

		160		ATMEL CORP		SAN JOSE		CA		3674		129		10		12				115		IMATION CORP		OAKDALE		MN		3861		195		8		6						105		LEARNING COMPANY INC		206		40.6		48

		161		PEOPLESOFT INC		PLEASANTON		CA		7372		129		19		50				73		MEDTRONIC INC		MINNEAPOLIS		MN		3845		349		11		18						106		CHECKFREE HOLDINGS CORP		206		90.9		103

		162		ADC TELECOMMUNICATIONS INC		MINNETONKA		MN		3661		126		11		36				63		HONEYWELL INC		MINNEAPOLIS		MN		3822		442		5		26						108		AUTODESKINC		203		19.3		83

		163		CSG SYSTEMS INTL INC		ENGLEWOOD		CO		7374		125		15		534				30		MINNESOTA MINING & MFG CO		ST PAUL		MN		2670		1002		7		6						110		ELECTRONIC DATA SYSTEMS CORP		202		1.2		1

		164		SCI ENT[ F] C-ATLANTA I N C		NORCROSS		GA		3663		123		9		20				267		SOLUTIA INC		ST. LOUIS		MO		2821		63		3		-26						120		ADOBE SYSTEMS INC		187		22.1		2

		165		POLAROID CORP		CAMBRIDGE		MA		3861		122		5		6				261		MEMC ELECRRONIC MATRIALS INC		ST. PETERS		MO		3674		64		4		46						123		COMPUTER SCIENCES CORP		184		2.2		2

		166		GTE CORP		STAMFORD		CT		4813		122		1		0				252		RALSTON PURINA CO		ST. LOUIS		MO		2040		67		1		-16						136		CADENCE DESIGN SYS INC		165		28.5		-30

		167		ATLANTIC RICHFIELD CO		LOS ANGELES		CA		2911		121		1		13				179		MALLINCKRODT INC		ST LOUIS		MO		2835		112		5		-7						145		STERLING SOFTWARE INC		155		4.8		669

		168		DRESSER INDUSTRIES INC		DALLAS		TX		1382		121		2		9				121		SIGMA-ALDRICH		ST LOUIS		MO		2836		187		17		7						146		ELECTRONIC ARTS INC		151		18.7		19

		169		TRINITY INDUSTRIES		DALLAS		TX		3743		120		6		12				101		ANHEUSER-BUSCH COS INC		ST LOUIS		MO		2082		212		2		2						153		INFORMIX CORP		146		16.5		22

		170		RAYCHEM CORP		MENLO PARK		CA		3640		120		7		-2				61		EMERSON ELECTRIC CO		ST LOUIS		MO		3823		459		4		12						155		SYBASEINC		145		16.3		-16

		171		BMC SOFTWARE INC		HOUSTON		TX		7372		118		19		7				40		SPRINT CORP		KANSAS CITY		MO		4813		755		5		2								Average:				22.0

		172		AIR PRODUCTS & CHEMICALS INC		ALLENTOWN		PA		2810		117		3		-0				32		MONSANTO CO		ST. LOUIS		MO		2800		934		8		29				TELECOMMUNICATIONS

		173		SYMANTEC CORP		CUPERTINO		CA		7372		117		21		-3				60		WORLDCOM INC		JACKSON		MS		4813		459		6		16						4		LUCENT TECHNOLOGIES INC		4119		11.6		120

		174		VARIAN ASSOCIATES INC		PALO ALTO		CA		3826		117		7		1				141		GLENAYRE TECHNOLOGIES INC		CHARLOTFE		NC		3663		159		7		472						6		MOTOROLA INC		2743		8.6		15

		175		GLOBAL INDUSTRIES LTD		LAFAYETTE		LA		1389		116		34		8				51		CONAGRAINC		OMAHA		NE		2000		530		2		-0						16		MCI COMMUNICATIONS		1549		7.4		5

		176		INTUIT INC		MOUNTAIN VIEW		CA		7372		114		16		24				192		HADCO CORP		SALEM		NH		3672		98		1		1872						40		SPRINT CORP		755		4.8		2

		177		DOVER CORP		NEW YORK		NY		3530		114		2		16				87		CABLETRON SYSTEMS		ROCHESTER		NH		3576		249		17		-12						43		BAY NETWORKS INC		702		12.3		147

		178		MENTOR GRAPHICS CORP		WILSONVILLE		OR		7373		112		21		21				281		UNION CAMP CORP		WAYNE		NJ		2621		58		1		3						48		ALLTEL CORP		565		16.5		-2

		179		MALLINCKRODT INC		ST LOUIS		MO		2835		112		5		-7				269		ENGELHARD CORP		ISELIN		NJ		3330		61		2		9						58		3COM CORP		473		10.0		44

		180		DATA GENERAL CORP		WESTBORO		MA		3570		112		7		12				240		1 BESTFOOD		ENGLEWOOD CLIFFS		NJ		2030		70		1		-10						60		WORLDCOM INC		459		6.0		16

		181		RATIONAL SOFTWARE CORP		SANTA CLARA		CA		7372		111		27		230				226		CAMPBELL SOUP CO		CAMDEN		NJ		2030		79		1		-8						71		DSC COMMUNICATIONS CORP		379		15.2		84

		182		ST JUDE MEDICAL INC		ST PAUL		MN		3845		111		14		-9				211		CR BARD INC		MURRAY HILL		NJ		3841		86		7		11												10.3

		183		AMERICAN STANDARD CO INC		PISCATAWAY		NJ		3585		111		1		38				183		AMERICAN STANDARD CO INC		PISCATAWAY		NJ		3585		111		1		38

		184		IMMUNEX CORP		SEATTLE		WA		2836		109		64		13				148		HOECHST CELANESE CORP		BRIDGEWATER		NJ		2820		150		2		-2

		185		GENZYME CORP		CAMBRIDGE		MA		2836		107		41		-54				126		BECTON DICKINSON & CO		FRANKLIN LAKES		NJ		3841		182		6		17

		186		KELLOGG CO		BATTLE CREEK		Ml		2040		105		1		26				96		INGERSOLL-RAND CO		WOODCLIFF LAKE		NJ		3560		222		3		3

		187		BF GOODRICH CO		RICHFIELD		OH		3724		105		5		1				75		AUTOMATIC DATA PROCESSING		ROSELAND		NJ		7374		319		7		19

		188		DETROIT DIESEL CORP		DETROIT		Ml		3510		103		5		-7				72		ALLIEDSIGNAL INC		MORRISTOWN		NJ		3724		351		3		1

		189		VLSI TECHNOLOGY INC		SAN JOSE		CA		3674		102		15		-6				44		WARNER-LAMBERT CO		MORRIS PLAINS		NJ		2834		667		8		21

		190		BLACK & DECKER CORP		TOWSON		MD		3540		101		2		-2				34		SCHERING-PLOUGH		MADISON		NJ		2834		841		13		17

		191		INTL PAPER CO		PURCHASE		NY		2600		100		1		-11				25		PHARMACIA & UPJOHN INC		BRIDGEWATER		NJ		2834		1308		17		-4

		192		HADCO CORP		SALEM		NH		3672		98		1		1872				15		AMERICAN HOME PRODUCTS CORP		MADISON		NJ		2834		1623		10		9

		193		NIKE INC		BEAVERTON		OR		3021		98		1		56				14		MERCK & CO		WHITEHOUSE STATION		NJ		2834		1678		8		13

		194		INTERGRAPH CORP		HUNTSVILLE		AL		7373		97		9		-5				9		JOHNSON &JOHNSON		NEW BRUNSWICK		NJ		2834		2168		9		12										R&D Magazine, October 1998

		195		XILINX INC		SAN JOSE		CA		3674		96		12		10				4		LUCENT TECHNOLOGIES INC		MURRAY HILL		NJ		3661		4119		12		120

		196		INTL FLAVORS & FRAGRANCES		NEW YORK		NY		2860		96		7		1				284		MARK IV INDUSTRIES INC		AMHERST		NY		3050		57		2		-8

		197		CYPRESS SEMICONDUCTOR CORP		SAN JOSE		CA		3674		96		16		11				271		NBTYINC		BOHEMIA		NY		2834		61		20		10

		198		COMPUWARE CORP		FARMINGTON HILLS		MI		7372		96		11		-2				244		BAUSCH & LOMB INC		ROCHESTER		NY		3851		69		4		-11

		199		SUNGARD DATA SYSTEMS INC		WAYN I		PA		7374		95		16		-17				236		AMERADA HESS CORP		NEWYORK		NY		2911		72		1		6

		200		S31NC		SANTA CLARA		CA		3576		95		14		51				196		INTL FLAVORS & FRAGRANCES		NEW YORK		NY		2860		96		7		1

		201		SYKES ENTERPRISES INC		TAMPA		FL		7370		95		24		8				191		INTL PAPER CO		PURCHASE		NY		2600		100		1		-11

		202		SEQUENT COMPUTER SYSTEMS INC		BEAVERTON		OR		3571		92		12		26				177		DOVER CORP		NEW YORK		NY		3530		114		2		16

		203		LEAR CORP		SOUTHFIELD		MI		2531		92		1		29				152		TEXACO INC		WHITE PLAINS		NY		2911		147		0		6

		204		NAVISTAR INTL		CHICAGO		IL		3711		91		2		-9				132		COLGATE-PALMOLIVE CO		NEWYORK		NY		2844		170		2		4

		205		BRUNSWICK CORP		LAKE FOREST		IL		3730		91		3		3				88		CORNING INC		CORNING		NY		3220		246		5		31

		206		STRATUS COMPUTER INC		MARLBOROUGH		MA		3571		90		13		14				56		SCHLUMBERGER LTD		NEW YORK		NY		1389		485		5		7

		207		PITNEY BOWES INC		STAMFORD		CT		3579		89		2		10				55		ITr INDUSTRIES INC		WHITE PLAINS		NY		3714		516		6		-7

		208		MOLEX INC		LISLE		IL		3678		89		6		7				49		PHILIP MORRIS COS INC		NEW YORK		NY		2111		540		1		4

		209		LUBRIZOL CORP		WICKLIFFE		OH		2860		89		6		-5				39		AT&T CORP		NEW YORK		NY		4813		759		1		30

		210		FORE SYSTEMS INC		WARRENDALE		PA		3576		86		13		77				26		EASTMAN KODAK CO		ROCHESTER		NY		3861		1223		6		20

		211		CR BARD INC		MURRAY HILL		NJ		3841		86		7		11				20		BRISTOL-MYERS SQUIBB		NEWYORK		NY		2834		1383		9		9

		212		IMAGYN MEDICAL TECHNOLOGIES		NEWPORT BEACH		CA		3845		85		11		8351				18		COMPUTER ASSOCIATES INTL INC		ISLANDIA		NY		7372		1505		45		-42

		213		PIPSICO INC		PURCHASENY				2080		84		0		-27				11		PFIZER INC		NEW YORK		NY		2834		1940		15		15

		214		RR DONNELLEY & SONS CO		CHICAGO		IL		2750		83		2		-12				3		INTL BUSINESS MACHINES CORP		ARMONK		NY		3570		4327		5		10

		215		HJ HEINZ CO		PITTSBURGH		PA		2030		83		1		5				127		RJR NABISCO HOLDINGS CORP		NEWYORK		NY		2052		IBI.0		1		-7

		216		ARCO CHEMICAL CO		NEWTOWN SQUARE		PA		2860		83		2		1				239		OWENS CORNING		TOLEDO		OH		3290		70		2		-12

		217		NETWORKS ASSOCIATES INC		SANTA CLARA		CA		7372		82		18						237		PARKER-HANNIFIN CORP		CLEVELAND		OH		3490		72		2		15

		218		PACCAR INC		BELLEVUE		WA		3711		82		1		79				231		AEROQUIP-VICKERS INC		MAUMEE		OH		3490		75		4		-4

		219		FIRST DATA CORP		HACKINSACK		NJ		7374		81		1		3				209		LUBRIZOL CORP		WICKLIFFE		OH		2860		89		6		-5

		220		AVID TECHNOLOGY INC		TEWKSBURY		MA		3861		81		17		2				187		BF GOODRICH CO		RICHFIELD		OH		3724		105		5		1

		221		WATERS CORP		MILFORD		MA		3826		81		10		101				116		DANA CORP		TOLEDO		OH		3714		192		2		18

		222		SILICON VALLEY GROUP INC		SAN JOSE		CA		3559		80		11		10				106		CHECKFREE HOLDINGS CORP		COLUMBUS		OH		7372		206		91		103

		223		CERIDIAN CORP		MINNEAPOLIS		MN		8700		80		6		-15				68		EATON CORP		CLEVELAND		OH		3600		397		4		51

		224		PRAXAIR INC		DANBURY		CT		2810		79		2		10				62		NCR CORP		DAYTON		OH		7370		446		6		1

		225		PICTURETEL CORP		ANDOVER		MA		3661		79		13		32				28		TRW INC		CLEVELAND		OH		3714		1153		6		113

		226		CAMPBELL SOUP CO		CAMDEN		NJ		2030		79		1		-8				22		PROCTER & GAMBLE CO		CINCINNATI		OH		2840		1325		4		5

		227		HARMAN INTL INDUSTRIES		WASHINGTON		D(		3651		77		4		12				295		PHILLIPS PETROCHEMICAL		BARTLESVILLE		OK		2911		56		0		-5

		228		AMERICA ONLINE INC		DULLES		VA		7370		77		7		-18				245		STRUCTURAL DYNAMICS RESEARCH		MILFORD		OM		7372		69		11		129

		229		[OMEGA CORP		ROY		UT		3572		77		4		85				202		SEQUENT COMPUTER SYSTEMS INC		BEAVERTON		OR		3571		92		12		26

		230		WITCO CORP		GREENWICH		CT		2860		76		3		-2				193		NIKE INC		BEAVERTON		OR		3021		98		1		56

		231		AEROQUIP-VICKERS INC		MAUMEE		OH		3490		75		4		-4				178		MENTOR GRAPHICS CORP		WILSONVILLE		OR		7373		112		21		21

		232		MARQUETTE MEDICAL SYSTEMS		MILWAUKEE		WI		3845		73		14		-19				103		TEKTRONIX INC		WILSONVILLE		OR		3825		207		9		15

		233		SUNDSTRAND CORP		ROCKFORD		IL		3728		73		4		33				294		HILLIPS PETROLEUM CO		PHILADELPHIA		PA		3411		56		1		3

		234		LITTON INDUSTRIES INC		WOODLAND HILLS		CA		3812		72		2		8				291		NEURON PHARMACEUTICALS		PITTSBURGH		PA		2834		56		10		10

		235		BRODERBUND SOFTWARE INC		NOVATO		CA		7372		72		20		80				263		SHARED MEDICAL SYSTEMS CORP		MALVERN		PA		7373		64		7		17

		236		AMERADA HESS CORP		NEWYORK		NY		2911		72		1		6				262		ALLEGHENY TELEDYNE INC		PITTSBURGH		PA		3312		64		2		-9

		237		PARKER-HANNIFIN CORP		CLEVELAND		OH		3490		72		2		15				250		CENTOCOR INC		MALVERN		PA		2836		67		42		21

		238		U S SURGICAL CORP		NORWALK		Cf		3841		71		5		24				216		ARCO CHEMICAL CO		NEWTOWN SQUARE		PA		2860		83		2		1

		239		OWENS CORNING		TOLEDO		OH		3290		70		2		-12				215		HJ HEINZ CO		PITTSBURGH		PA		2030		83		1		5

		240		1 BESTFOOD		ENGLEWOOD CLIFFS		NJ		2030		70		1		-10				210		FORE SYSTEMS INC		WARRENDALE		PA		3576		86		13		77

		241		UNION TANK CAR CO		CHICAGO		IL		3743		70		9		6				199		SUNGARD DATA SYSTEMS INC		WAYN I		PA		7374		95		16		-17

		242		COGNIZANT CORP		WESTPORT		CT		8700		70		5		1				172		AIR PRODUCTS & CHEMICALS INC		ALLENTOWN		PA		2810		117		3		-0

		243		TOSCO CORP		STAMFORD		(T		2911		69		1		35				151		ALUMINUM CO OF AMERICA		PITTSBURGH		PA		3334		148		1		-14

		244		BAUSCH & LOMB INC		ROCHESTER		NY		3851		69		4		-11				113		ROHM & HAAS CO		PHILADELPHIA		PA		2821		202		5		8

		245		STRUCTURAL DYNAMICS RESEARCH		MILFORD		OM		7372		69		11		129				92		GENERAL INSTRUMENT CORP		HORSHAM		PA		3663		232		8		-1

		246		READ-RITE CORP		MILPITAS		CA		3679		69		5		25				85		PPG INDUSTRIES INC		PITTSBURGH		PA		2851		251		3		5

		247		AVANT CORP		SUNNYVALE		CA		7372		69		20		242				79		UNISYS CORP		BLUE BELL		PA		7370		300		5		-12

		248		INME PHARMACEUTICALS INC												57				74		AMP INC		HARRISBURG		PA		3678		322		6		1

		249		MIDWAY GAMES INC		CHICAGO		IL		7372		68		13		72				143		HASBRO INC		PAWTUCKEF		RI		3944		157		5		2

		250		CENTOCOR INC		MALVERN		PA		2836		67		42		21				97		TEXTRON INC		PROVIDENCE		RI		3720		220		2		20

		251		WESTERN ATLAS INC		HOUSTON		TX		1382		67		3		-33				131		GATEWAY 2000 INC		NORTH SIOUX CITY		SD		3571		171		3		28

		252		RALSTON PURINA CO		ST. LOUIS		MO		2040		67		1		-16				117		EASTMAN CHEMICAL CO		KINGSPORT		TN		2821		192		4		4

		253		DYNATECH CORP		BURLINGTON		MA		3825		66		18		33				293		OWN CORK & SEAL CO INC		HOUSTON		TX		1389		56		16		41

		254		3DO CO		REDWOOD CITY		CA		7372		65		42		21				265		COOPER INDUSTRIES INC		HOUSTON		TX		3640		63		1		6

		255		GENERAL MILLS INC		MINNEAPOLIS		MN		2040		65		1		2				251		WESTERN ATLAS INC		HOUSTON		TX		1382		67		3		-33

		256		[MC GLOBAL INC		NORTHBROOK		IL		2870		65		2		12				171		BMC SOFTWARE INC		HOUSTON		TX		7372		118		19		7

		257		PARAMETRIC TECHNOLOGY CORP		WALTHAM		MA		7372		65		12		-26				168		DRESSER INDUSTRIES INC		DALLAS		TX		1382		121		2		9

		258		GARTNER GROUP INC		STAMFORD		CT		8700		65		9		1				138		BAKER-HUGHES INC		HOUSTON		TX		3533		163		2		265

		259		C-CUBE MICROSYSTEMS INC		MILPITAS		CA		3577		64		14		45				129		DELL COMPUTER CORP		ROUND ROCK		TX		3571		175		1		65

		260		SPACELABS MEDICAL INC		REDMOND		WA		3845		64		15		77				114		SHELL OIL		HOUSTON		TX		2911		200		1		15

		261		MEMC ELECRRONIC MATRIALS INC		ST. PETERS		MO		3674		64		4		46				110		ELECTRONIC DATA SYSTEMS CORP		PLANO		TX		7370		202		1		1

		262		ALLEGHENY TELEDYNE INC		PITTSBURGH		PA		3312		64		2		-9				100		KIMBERLY-CLARK CORP		DALLAS		TX		2621		217		2		2

		263		SHARED MEDICAL SYSTEMS CORP		MALVERN		PA		7373		64		7		17				71		DSC COMMUNICATIONS CORP		PLANO		TX		3661		379		15		84

		264		JD EDWARDS & CO		DENVER		CO		7372		63		8		50				52		EXXON CORP		IRVING		TX		2911		530		0		2

		265		COOPER INDUSTRIES INC		HOUSTON		TX		3640		63		1		6				35		COMPAQ COMPUTER CORP		HOUSTON		TX		3571		802		2		101

		266		REXALL SUNDOWN INC		BOCA RATON		FL		2834		63		21		10				229		[OMEGA CORP		ROY		UT		3572		77		4		85

		267		SOLUTIA INC		ST. LOUIS		MO		2821		63		3		-26				299		DYNAMICS CORP		FALLS CHURCH		VA		3730		54		1		45

		268		B/E AEROSPACE INC		WELLINGTON		FL		2531		62		25		-36				228		AMERICA ONLINE INC		DULLES		VA		7370		77		7		-18

		269		ENGELHARD CORP		ISELIN		NJ		3330		61		2		9				135		LCI INTL INC		MCLEAN		VA		4813		165		14		51

		270		AVERY DENNISON CORP		PASADENACA				2670		61		2		12				90		MOBIL CORP		FAIRFAX		VA		2911		237		0		14

		271		NBTYINC		BOHEMIA		NY		2834		61		20		10				287		LXON CORP		TACOMA		WA		2400		57		1		4

		272		STRYKER CORP		KALAMAZOO		MI		3841		60		7		-12				275		ATL ULTRASOUND INC		BOTHELL		WA		3845		60		13		11

		273		IVAX CORP		MIAMI		FL		2834		60		6		-27				260		SPACELABS MEDICAL INC		REDMOND		WA		3845		64		15		77

		274		BORG WARNER AUTOMOTIVE INC		CHICAGO		IL		3714		60		4		9				218		PACCAR INC		BELLEVUE		WA		3711		82		1		79

		275		ATL ULTRASOUND INC		BOTHELL		WA		3845		60		13		11				184		IMMUNEX CORP		SEATTLE		WA		2836		109		64		13

		276		MORTON INTL INC		CHICAGO		IL		2891		60		2		-27				12		BOEING CO		SEATTLE		WA		3721		1887		5		60

		277		MAXIM INTEGRATED PRODUCTS		SUNNYVALE		CA		3674		59		11		8				10		MICROSOFT CORP		REDMOND		WA		7372		2141		17		34

		278		WATKINS-JOHNSON		PALO ALTO		CA		3559		59		13		-4				232		MARQUETTE MEDICAL SYSTEMS		MILWAUKEE		WI		3845		73		14		-19

		279		CHAMPION INTL CORP		STAMFORD		CT		2621		59		1		-14				107		CASE CORP		RACINE		WI		3523		204		4		2

		280		DEKALB GENETICS CORP		DE KALB		IL		100		59		12		20				89		JOHNSON CONTROLS INC		MILWAUKEE		WI		2531		238		2		41

		281		UNION CAMP CORP		WAYNE		NJ		2621		58		1		3				285		ACUSON CORP		MOUNTAINV VIEW CA		CA		3845		57		18		-6

		282		APPLIED MAGNETICS CORP		GOLETA		CA		3679		58		15		3				270		AVERY DENNISON CORP		PASADENACA		CA		2670		61		2		12

		283		CROMPTON & KNOWLES CORP		STAMFORD		CT		2820		58		3		2				108		AUTODESKINC		SAN RAFAELCA		CA		7372		203		19		83

		284		MARK IV INDUSTRIES INC		AMHERST		NY		3050		57		2		-8				264		JD EDWARDS & CO		DENVER		CO		7372		63		8		50

		285		ACUSON CORP		MOUNTAINV VIEW CA				3845		57		18		-6				163		CSG SYSTEMS INTL INC		ENGLEWOOD		CO		7374		125		15		534

		286		DANAHER CORP		WASHINGTON		DC		3420		57		3		21				289		S TECHNOLOGY INC		BRANFORD		CT		3714		56		1		16

		287		LXON CORP		TACOMA		WA		2400		57		1		4				1O4		ANALOG DEVICES		NORWOOD		MA		3674		206		15		10

		288		LIN INC		AKRON		OH		3578		57		9		-2				190		BLACK & DECKER CORP		TOWSON		MD		3540		101		2		-2

		289		S TECHNOLOGY INC		BRANFORD		CT		3714		56		1		16				219		FIRST DATA CORP		HACKINSACK		NJ		7374		81		1		3

		290		N LABORATORIES		FREMONT		CA		3674		56		22		2				213		PIPSICO INC		PURCHASENY		NY		2080		84		0		-27

		291		NEURON PHARMACEUTICALS		PITTSBURGH		PA		2834		56		10		10				288		LIN INC		AKRON		OH		3578		57		9		-2

		292		OL ENERGY SERVICES CO		LEXINGTON		MA		2834		56		67		104				70		GOODYEAR TIRE & RUBBER CO		AKRON		OH		3011		387		3		3

		293		OWN CORK & SEAL CO INC		HOUSTON		TX		1389		56		16		41				296		LYONDELL PETROCHEMICAL		HOUSTON		TX		2860		56		2		-22

		294		HILLIPS PETROLEUM CO		PHILADELPHIA		PA		3411		56		1		3				169		TRINITY INDUSTRIES		DALLAS		TX		3743		120		6		12

		295		PHILLIPS PETROCHEMICAL		BARTLESVILLE		OK		2911		56		0		-5				145		STERLING SOFTWARE INC		DALLAS		TX		7372		155		5		669

		296		LYONDELL PETROCHEMICAL		HOUSTON		TX		2860		56		2		-22				137		HALLIBURTON CO		DALLAS		TX		1389		163		2		24

		297		EAST HILLS, NY		BLOOMFIELD HILLS		MI		3690		56		2		15				17		TEXAS INSTRUMENTS INC		DALLAS		TX		3674		1528		12		30

		298		EARTHLINK NETWORK INC		PASADENA		CA		7370		54		56		15				80		NOVELL INC		PROVO		UT		7372		276		20		3

		299		DYNAMICS CORP		FALLS CHURCH		VA		3730		54		1		45				248		INME PHARMACEUTICALS INC												57





Top 300

		



R&D as % of Sales



By industry

								INDUSTRY INVESTMENTS AND PROFITS

				SIC		Net Income ($M)		Profit Margin (%)		Revenues ($M)		R&D Funding ($M)		R&D/Sales (%)		Return on R&D (%)		Patents- US  vs. ROW (%)

		Catalysts

		Specialty Polymers

		Commodity Polymers

		Electronic Chemicals

		Structural Materials

		Optical Materials

		Specialty Chemicals		284-85, 287-89				16				2,246		3

		Industrial (commodity) Chemicals		281-82, 286				8				4,911		5

		Pharmaceuticals		283				30				7,934		10

		Agricultural Chemicals

		Biotechnology						47

		Computer Hardware		357				13						l

		Computer Software						28

		Scientific/mechanical measuring instruments		381-82										12

		Industrial Metals		331-2, 398-99, 333-336				14

		Study/Year						S&P (1996)				CMA (1992)		CMA (1992)

						PATENTS US vs. ROW (%): CHEMICAL INDUSTRY

				Year		1970		1980		1986		1988		1990		1992		1994

				%		66.4		55.6		53		51.3		44.1		52		52.5





Feedstocks

		

						Natural gas

						Ethylene

						Propylene

						Benzene

						Methane

						Xylene

						Toluene

						Naphthalene

						Butadiene





Monomers

		

				Ethylene

						Ethylene dichloride

								PVC

						Ethylene Oxide

								Ethylene glycol

						Acetaldehyde

								Butyl Alcohol

								Acetic Acid

										Acetic anhydride

						Vinyl acetate						Cellulose acetate

								Polyvinyl butyrol				Acetate esters

								Polyvinyl acetate

										Polyvinyl alcohol

				Benzene

						Ethyl benzene

								Styrene

										Styrene acrylonitrile

										Acrylonitrile butadiene styrene

										Styrene butadiene styrene

												Styrene maleic anhydride resins

						Dodecylbenzene

						Malelic anhydride

						Cumene

								Phenol

										Phenolic resins

										Bisphenol A

								Acetone

										Methyl methacrylate

						Cyclohexene

								Cyclohexanol

										Adipic Acid

								Cyclohexanone

										Caprolactam





Catalysts

		

										R&D SPENDING BY CATEGORY, 1996 ($M)

						Catalysis-Total		Catalysis-Fundamental		Catalysis-Process Devel.		Chem. Eng.-Excl. catal.		Petrochem-Excl. Catal.		TOTAL R&D SPENDING

		ICI				33		12		21		15		0		298

		Shell				250		182		68		30		8		759

		BASF				244		168		76		91		0		1524

		Grace-Davison		Refining

		Akzo Nobel		Refining

		Engelhard		Refining

		BP		Refining

		Mobil		Refining

		Huntsman		Refining

		ABB Lummus		Refining

		Chevron		Refining

		Crosfield		Refining

		Amoco		Refining

		Kuwait		Refining

		UOP		Refining

		Exxon		Refining

		Dow		Chem-polym.

		DuPont-Dow Elastomers		Chem-polym.

		Exxon/Union Carbide		Chem-polym.

		Dow-BP		Chem-polym.

		Shell		Chem-polym.

		BASF/Hoechst		Chem-polym.

		DuPont/BASF		Chem.-monomers

		Elf Atochem		Chem.-monomers

		Huntsman		Chem-monomers

		Amoco/Englehardt		Chem.-monomers

		Mitsubishi Chemical

		Albemarle

		ICI

		Shell

		Catalytica/Glaxo-Wellcome		Pharma

		Monitor		Environ.

		Clean Diesel Technologies/Nalco

		Degussa

		Engelhardt

		Johnson Matthey

						CATALYST TECHNOLOGY/R&D BREAKDOWN

								Investment		%R&D/Sales		Licensing, %		Market Type

						Refining		low		<0.5		60		merchant

						Petrochem		low-med		2		100		merchant

						Chem/Ag		med		4-6		50-70		merchant/leased

						Fine, Interm		med-high		6-12		20-30		merchant/toll & in house

						Pharma		high		12-16		>5		in-house
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Fabricated Products
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		Combinatorial R&D Methods: Market Potential vs. Technologies

						PHASE OF TECHNOLOGY										VALUE:

						PACING > 5 years away)										9

						KEY (2-4 years away)										3

						BASE (0 to 1 year away)										1

				TECHNOLOGIES--->		Library Design										Deposition								Library Validation				Processing						Screening																										Database/Informatics										Decision Tools						Base Technologies

				Market		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Diversity analysis/clustering/analysis		Literature/Patent Databases		Reagent Building Block Analysis		Statistics, modeling, design of experiments		Chemical Vapor Deposition		Ink jet		Laser ablation		Thermally-driven transport (e-beam, LEED, laser, etc.)		Molecular Modeling, QSAR. QSPR, etc.		Micro-Inspection/Error Identification On-line		Sample size --control  of interfacial, diffusion, mass transport		Mechanical: extrusion, etc.		Control of physical (e.g., temperature, time, stress)		Catalytic Selectivity		Catalyst Turn-over		Chemimetrics		Degredation (Heat, water, light, chemical, bio, combinations thereof)		Electrochemical properties (e.g., redox potential)		Electrical properties (conductivity, dielectric constant, etc.)		Luminescent properties (e.g., XRD)		Mechanical Properties (tensile, modulus, viscosity, etc.)		Molecular Weight		Molecular Speciation (mass spec.)		Optical characterization (IR, UV, UV-Vis, reflection, refraction, chirality etc.)		Polymer architecture/morphology		Thermal properties (e.g., conductivity, Tg, calorimetry)		Electronic Laboratory Notebook (ELN)		Entity Inventory		Indexing		Search engines/Inferential Engines		Patent and prior art reviews		Promotion analysis & tools		Prioritization		Structure Activity/Property Relationship Tools		Micro-machining		Robotics		Micro-fluidics		AVERAGE

				Polymers

				Commodity (resins, film, fiber, rubbers, etc.)		6		5		4		4		5		1				1				2						2		3		1								1				1		3		3		3		1		2		6		2		1		1		1		1						1								2

				Engineering and Specialty Resins (incl. alloys, blends, etc.)		9		4		5		4		6		1				3				3						3		3		1								1				1		3		3		3		1		2		6		2		1		1		1		1						1								3

				Adhesives		6		4		5		4		6		1				3				3						3		3		1								1				1		3		3		3		1		2		6		2		1		1		1		1						1								3

				Catalysts

				Heterogeneous  (1 - 2 metals)		3		3		3		3		3				1		1		1		1		1						1		3		3		3		3														1				1		3		3		3		3		3						3								2

				Heterogeneous  (>2 metals)		3		3		3		3		3				1		1		1		3		1						1		3		3		3		3														1				1		3		3		3		3		3						3								2

				Homogeneous (1 -2 metals)		3		3		3		3		3										3		1						1		3		3		3		3														1				1		3		3		3		3		3						3								3

				Homogeneous (>2 metals)		3		3		3		3		3										3		1						1		3		3		3		3														1				1		3		3		3		3		3						3								3

				Supports		3		3		3		3		3										3		1								3		3		3		3														1				1		3		3		3		3		3						3								3

				Smart Materials

				Solids		3		3		3		3		3										3																														1						3		3		3		3		3						3								3

				Fluids				3		3		3												3																														1						3		3		3		3		3						3								3

				Electronic materials

				Polymers-optical				5		1		1		3		1				3				5						3		5		1								1		3		3		3		3		3		2		1		9		2		1		1		1		1						1								3

				Polymers-conducting		3		3		3		2		3		1				9				5						3		5		1								1		3		3		3		3		9		5		1		9		3		3		3		3		3						3								4

				Display Materials		3		3		3		2		3		1		1		5		1		6		1				3		5		1								1		3		2		3		3		9		5		1		9		3		3		3		3		3						3								3

				Membranes		3		5		3		2		3		1								6						3		3		1								1		3		3		3		3		3		2		1		9		3		3		3		3		3						3								3

				Magnetic materials		4		3		3		3		3				1		1		1		3		1						1												3										1						3		3		3		3		3						3								2

				Ceramics		5		3		3		3		3				1		1		1		3		1						1												3										1						3		3		3		3		3						3								2

				Semi-conductors		3		3		3		3		3				1		1		1		1		1																		3										1						3		3		3		3		3						3								2

				Encapsulants/packaging				6		3		2		3		1				3				3						3		3		1								1		3		3		3		3		3		2		1		9		3		3		3		3		3						3								3

				Specialty & fine chemicals

				Coatings: protective				3		3		3												3																														1						3		3		3		3		3						3								3

				anti-oxidants				3		3		3												3																														1						3		3		3		3		3						3								3

				Formulations		3		6		6		6		3										3																														1						9		9		9		9		9						9								6

				Impact modifiers				1		1		1												3																														1						1		1		1		1		1						1								1

				Pigments/dispersants		3		2		2		2		3										3																														1						1		1		1		1		1						1								2

				Refrigerants				1		1		1												3																														1						1		1		1		1		1						1								1

				Scale inhibitors				1		1		1												3																														1						1		1		1		1		1						1								1

				Surfactants				3		3		3												3																														1						3		3		3		3		3						3								3

				Biomaterials

				Bio-sourced polymers		9		5		6		4		6		1				3				3						3		3		1								1				3		3		3		3		2		1		9		3		3		3		3		3						3								3

				Bio-compatible materials		9		7		6		4		6		1				3				3						3		3		1								1				3		3		3		3		2		1		9		3		3		3		3		3						3								4

				Bio-degradable polymers		9		7		6		4		6		1				3				3						3		3		1								1				3		3		3		3		2		1		9		3		3		3		3		3						3								4

				Optical materials

				Coatings				3		3		3						1		1		1		3																				3										1						3		3		3		3		3						3								2

				Photo-refractives		3		3		3		3		3				1		1		1		1		1						3												3										1						3		3		3		3		3						3								2

				Opto-electronics		3		3		3		3		3				1		1		1		1		1						3												3										1						3		3		3		3		3						3								2

				Non-Linear Optical materials		3		3		3		3		3				1		1		1		1		1						3												3										1						3		3		3		3		3						3								2

				Glass formulations

				Fibers		1		9		9		9												3																														1						9		9		9		9		9						9								7

				Electronic		2		9		9		9						1		1		1		1																														1						9		9		9		9		9						9								6

				Magnetic		2		6		6		6		3				1		1		1		3																														1						9		9		9		9		9						9								5

				Optical		2		6		6		6		3				1		1		1		1																														1						9		9		9		9		9						9								5

				Structural materials

				Metals and alloys		3		3		3		3		3				1		1		1		1						3																								1						3		3		3		3		3						3								2

				Composites				6		9		6		9		1				9				6						6		9		1								1				3		3		3		3		5		1		9		6		9		9		9		9						9								6

				Ceramics/metal oxides		3		6		6		6		3				1		1		1		1						3																								1						9		9		9		9		9						9								5

				AVERAGE		4		4		4		4		4		1		1		2		1		3		1				3		3		2		3		3		3		1		3		2		3		3		4		1		1		6		4		4		4		4		4						4								3

				Market		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Diversity analysis/clustering/analysis		Literature/Patent Databases		Reagent Building Block Analysis		Statistics, modeling, design of experiments		Chemical Vapor Deposition		Ink jet		Laser ablation		Thermally-driven transport (e-beam, LEED, laser, etc.)		Molecular Modeling, QSAR. QSPR, etc.		Micro-Inspection/Error Identification On-line		Sample size --control  of interfacial, diffusion, mass transport		Mechanical: extrusion, etc.		Control of physical (e.g., temperature, time, stress)		Catalytic Selectivity		Catalyst Turn-over		Chemimetrics		Degredation (Heat, water, light, chemical, bio, combinations thereof)		Electrochemical properties (e.g., redox potential)		Electrical properties (conductivity, dielectric constant, etc.)		Luminescent properties (e.g., XRD)		Mechanical Properties (tensile, modulus, viscosity, etc.)		Molecular Weight		Molecular Speciation (mass spec.)		Optical characterization (IR, UV, UV-Vis, reflection, refraction, chirality etc.)		Polymer architecture/morphology		Thermal properties (e.g., conductivity, Tg, calorimetry)		Electronic Laboratory Notebook (ELN)		Entity Inventory		Indexing		Search engines/Inferential Engines		Patent and prior art reviews		Promotion analysis & tools		Prioritization		Structure Activity/Property Relationship Tools		Micro-machining		Robotics		Micro-fluidics		AVERAGE

				Polymers

				Commodity (resins, film, fiber, rubbers, etc.)		0		0		0		0		0		0				0				0						0		0		0								0				0		0		0		0		0		0		0		0		0		0		0		0						0								0

				Engineering and Specialty Resins (incl. alloys, blends, etc.)		0		0		0		0		0		0				0				0						0		0		0								0				0		0		0		0		0		0		0		0		0		0		0		0						0								0

				Adhesives		0		0		0		0		0		0				0				0						0		0		0								0				0		0		0		0		0		0		0		0		0		0		0		0						0								0

				Catalysts

				Heterogeneous  (1 - 2 metals)		0		0		0		0		0				0		0		0		0		0						0		0		0		0		0														0				0		0		0		0		0		0						0								0

				Heterogeneous  (>2 metals)		0		0		0		0		0				0		0		0		0		0						0		0		0		0		0														0				0		0		0		0		0		0						0								0

				Homogeneous (1 -2 metals)		0		0		0		0		0										0		0						0		0		0		0		0														0				0		0		0		0		0		0						0								0

				Homogeneous (>2 metals)		0		0		0		0		0										0		0						0		0		0		0		0														0				0		0		0		0		0		0						0								0

				Supports		0		0		0		0		0										0		0								0		0		0		0														0				0		0		0		0		0		0						0								0

				Smart Materials

				Solids		0		0		0		0		0										0																														0						0		0		0		0		0						0								0

				Fluids				0		0		0												0																														0						0		0		0		0		0						0								0

				Electronic materials

				Polymers-optical				0		0		0		0		0				0				0						0		0		0								0		0		0		0		0		0		0		0		0		0		0		0		0		0						0								0

				Polymers-conducting		0		0		0		0		0		0				0				0						0		0		0								0		0		0		0		0		0		0		0		0		0		0		0		0		0						0								0

				Display Materials		0		0		0		0		0		0		0		0		0		0		0				0		0		0								0		0		0		0		0		0		0		0		0		0		0		0		0		0						0								0

				Membranes		0		0		0		0		0		0								0						0		0		0								0		0		0		0		0		0		0		0		0		0		0		0		0		0						0								0

				Magnetic materials		0		0		0		0		0				0		0		0		0		0						0												0										0						0		0		0		0		0						0								0

				Ceramics		0		0		0		0		0				0		0		0		0		0						0												0										0						0		0		0		0		0						0								0

				Semi-conductors		0		0		0		0		0				0		0		0		0		0																		0										0						0		0		0		0		0						0								0

				Encapsulants/packaging				0		0		0		0		0				0				0						0		0		0								0		0		0		0		0		0		0		0		0		0		0		0		0		0						0								0

				Specialty & fine chemicals

				Coatings: protective				0		0		0												0																														0						0		0		0		0		0						0								0

				anti-oxidants				0		0		0												0																														0						0		0		0		0		0						0								0

				Formulations		0		0		0		0		0										0																														0						0		0		0		0		0						0								0

				Impact modifiers				0		0		0												0																														0						0		0		0		0		0						0								0

				Pigments/dispersants		0		0		0		0		0										0																														0						0		0		0		0		0						0								0

				Refrigerants				0		0		0												0																														0						0		0		0		0		0						0								0

				Scale inhibitors				0		0		0												0																														0						0		0		0		0		0						0								0

				Surfactants				0		0		0												0																														0						0		0		0		0		0						0								0

				Biomaterials

				Bio-sourced polymers		0		0		0		0		0		0				0				0						0		0		0								0				0		0		0		0		0		0		0		0		0		0		0		0						0								0

				Bio-compatible materials		0		0		0		0		0		0				0				0						0		0		0								0				0		0		0		0		0		0		0		0		0		0		0		0						0								0

				Bio-degradable polymers		0		0		0		0		0		0				0				0						0		0		0								0				0		0		0		0		0		0		0		0		0		0		0		0						0								0

				Optical materials

				Coatings				0		0		0						0		0		0		0																				0										0						0		0		0		0		0						0								0

				Photo-refractives		0		0		0		0		0				0		0		0		0		0						0												0										0						0		0		0		0		0						0								0

				Opto-electronics		0		0		0		0		0				0		0		0		0		0						0												0										0						0		0		0		0		0						0								0

				Non-Linear Optical materials		0		0		0		0		0				0		0		0		0		0						0												0										0						0		0		0		0		0						0								0

				Glass formulations

				Fibers		0		0		0		0												0																														0						0		0		0		0		0						0								0

				Electronic		0		0		0		0						0		0		0		0																														0						0		0		0		0		0						0								0

				Magnetic		0		0		0		0		0				0		0		0		0																														0						0		0		0		0		0						0								0

				Optical		0		0		0		0		0				0		0		0		0																														0						0		0		0		0		0						0								0

				Structural materials

				Metals and alloys		0		0		0		0		0				0		0		0		0						0																								0						0		0		0		0		0						0								0

				Composites				0		0		0		0		0				0				0						0		0		0								0				0		0		0		0		0		0		0		0		0		0		0		0						0								0

				Ceramics/metal oxides		0		0		0		0		0				0		0		0		0						0																								0						0		0		0		0		0						0								0



&LJ.D. Hewes&C&D at &T&R&F: &A



ATP

		

		2.4133333333

		2.76

		2.64

		2.3043478261

		2.3913043478

		2.6

		2.6

		2.6842105263

		2.8461538462

		2.8181818182

		2.52

		3.5897435897

		3.183908046

		3.0533333333

		2.3947368421

		2.4631578947

		2.3333333333

		2.96

		2.8181818182

		2.8181818182

		6.3076923077

		1.1818181818

		1.6923076923

		1.1818181818

		1.1818181818

		2.8181818182

		3.4933333333

		3.5733333333

		3.5733333333

		2.4666666667

		2.3684210526

		2.3684210526

		2.3684210526

		7.1916666667

		5.8666666667

		5.223125

		5.09609375

		2.4117647059

		5.875

		5.0588235294





Hoechst

		3.9209482759

		4.0416666667

		3.8666666667

		3.525

		3.7666666667

		1

		1

		2.36

		1

		2.85

		1

		3.1428571429

		3

		1.5882352941

		3

		3

		3

		1

		3

		2.4166666667

		3

		3

		4

		1.45

		1.25

		6.1176470588

		3.675

		3.65

		3.65

		3.65

		3.65

		3.65

		3.137270372





MDL

		HOECHST

		Combinatorial R&D Methods: Market Potential vs. Technologies

								PHASE OF TECHNOLOGY										VALUE:

								PACING > 5 years away)										9		|

								KEY (2-4 years away)										3		3

								BASE (0 to 1 year away)										1		u

				TECHNOLOGIES--->				Library Design										Deposition								Library Validation				Processing						Screening																										Database/Informatics										Decision Tools						Base Technologies

		Industry		Market		Market Potential Year 2000, $B		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Diversity analysis/clustering/analysis		Literature/Patent Databases		Reagent Building Block Analysis		Statistics, modeling, design of experiments		Chemical Vapor Deposition		Ink jet		Laser ablation		Thermally-driven transport (e-beam, LEED, laser, etc.)		Molecular Modeling, QSAR. QSPR, etc.		Micro-Inspection/Error Identification On-line		Sample size --control  of interfacial, diffusion, mass transport		Mechanical: extrusion, etc.		Control of physical (e.g., temperature, time, stress)		Catalytic Selectivity		Catalyst Turn-over		Chemimetrics		Degredation (Heat, water, light, chemical, bio, combinations thereof)		Electrochemical properties (e.g., redox potential)		Electrical properties (conductivity, dielectric constant, etc.)		Luminescent properties (e.g., XRD)		Mechanical Properties (tensile, modulus, viscosity, etc.)		Molecular Weight		Molecular Speciation (mass spec.)		Optical characterization (IR, UV, UV-Vis, reflection, refraction, chirality etc.)		Polymer architecture/morphology		Thermal properties (e.g., conductivity, Tg, calorimetry)		Electronic Laboratory Notebook (ELN)		Entity Inventory		Indexing		Search engines/Inferential Engines		Patent and prior art reviews		Promotion analysis & tools		Prioritization		Structure Activity/Property Relationship Tools		Micro-machining		Robotics		Micro-fluidics

		Polymers

				Commodity (resins, film, fiber, rubbers, etc.)				3				u		u		u				u				u						u		3		u								u				u		3		3		3		u		u		|		3

				Engineering and Specialty Resins (incl. alloys, blends, etc.)				3				u		3		u				3				3						3		3		u								u				u		3		3		3		u		u		|		3

				Adhesives		65.000		3				u		3		u				3				3						3		3		u								u				u		3		3		3		u		u		|		3

		Catalysts

				Heterogeneous  (1 - 2 metals)

				Heterogeneous  (>2 metals)

				Homogeneous (1 -2 metals)

				Homogeneous (>2 metals)

				Supports

		Smart Materials

				Solids

				Fluids

		Electronic materials

				Polymers-optical				|				u		3		u				3				|						3		|		u								u				3		3		3		3		3		u		|		3

				Polymers-conducting				3				u		3		u				|				|						3		|		u								u				3		3		3		|		|		u		|		3

				Display Materials				3				u		3		u				|				|						3		|		u								u				3		3		3		|		|		u		|		3

				Membranes				|				u		3		u								|						3		3		u								u				3		3		3		3		3		u		|		3

				Magnetic materials		4.000

				Ceramics		6.600

				Semi-conductors		235.000

				Encapsulants/packaging				|				u		3		u				3				3						3		3		u								u				3		3		3		3		3		u		|		3

		Specialty & fine chemicals

				Coatings: protective

				anti-oxidants

				Formulations

				Impact modifiers

				Pigments/dispersants

				Refrigerants

				Scale inhibitors

				Surfactants

		Biomaterials

				Bio-sourced polymers				3				u		3		u				3				3						3		3		u								u				3		3		3		3		3		u		|		3

				Bio-compatible materials				|				u		3		u				3				3						3		3		u								u				3		3		3		3		3		u		|		3

				Bio-degradable polymers				|				u		3		u				3				3						3		3		u								u				3		3		3		3		3		u		|		3

		Optical materials

				Coatings

				Photo-refractives

				Opto-electronics

				Non-Linear Optical materials

		Glass formulations

				Fibers		1.300

				Electronic		2.000

				Magnetic		0.140

				Optical		0.075

		Structural materials

				Metals and alloys

				Composites				3				3		|		u				|				|						|		|		u								u				3		3		3		3		|		u		|		3

				Ceramics/metal oxides





UOP

		MDL

		Combinatorial R&D Methods: Market Potential vs. Technologies

								PHASE OF TECHNOLOGY										VALUE:

								PACING > 5 years away)										9		|

								KEY (2-4 years away)										3		3

								BASE (0 to 1 year away)										1		u

				TECHNOLOGIES--->				Library Design										Deposition								Library Validation				Processing						Screening																										Database/Informatics										Decision Tools						Base Technologies

		Industry		Market		Market Potential Year 2000, $B		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Diversity analysis/clustering/analysis		Literature/Patent Databases		Reagent Building Block Analysis		Statistics, modeling, design of experiments		Chemical Vapor Deposition		Ink jet		Laser ablation		Thermally-driven transport (e-beam, LEED, laser, etc.)		Molecular Modeling, QSAR. QSPR, etc.		Micro-Inspection/Error Identification On-line		Sample size --control  of interfacial, diffusion, mass transport		Mechanical: extrusion, etc.		Control of physical (e.g., temperature, time, stress)		Catalytic Selectivity		Catalyst Turn-over		Chemimetrics		Degredation (Heat, water, light, chemical, bio, combinations thereof)		Electrochemical properties (e.g., redox potential)		Electrical properties (conductivity, dielectric constant, etc.)		Luminescent properties (e.g., XRD)		Mechanical Properties (tensile, modulus, viscosity, etc.)		Molecular Weight		Molecular Speciation (mass spec.)		Optical characterization (IR, UV, UV-Vis, reflection, refraction, chirality etc.)		Polymer architecture/morphology		Thermal properties (e.g., conductivity, Tg, calorimetry)		Electronic Laboratory Notebook (ELN)		Entity Inventory		Indexing		Search engines/Inferential Engines		Patent and prior art reviews		Promotion analysis & tools		Prioritization		Structure Activity/Property Relationship Tools		Micro-machining		Robotics		Micro-fluidics

		Polymers

				Commodity (resins, film, fiber, rubbers, etc.)						u		u		u																																																u		u		u		u		u						u

				Engineering and Specialty Resins (incl. alloys, blends, etc.)						u		u		u																																																u		u		u		u		u						u

				Adhesives		65.000				u		u		u																																																u		u		u		u		u						u

		Catalysts

				Heterogeneous  (1 - 2 metals)						3		3		3																																																3		3		3		3		3						3

				Heterogeneous  (>2 metals)						3		3		3																																																3		3		3		3		3						3

				Homogeneous (1 -2 metals)						3		3		3																																																3		3		3		3		3						3

				Homogeneous (>2 metals)						3		3		3																																																3		3		3		3		3						3

				Supports						3		3		3																																																3		3		3		3		3						3

		Smart Materials

				Solids						3		3		3																																																3		3		3		3		3						3

				Fluids						3		3		3																																																3		3		3		3		3						3

		Electronic materials

				Polymers-optical						u		u		u																																																u		u		u		u		u						u

				Polymers-conducting						3		3		3																																																3		3		3		3		3						3

				Display Materials						3		3		3																																																3		3		3		3		3						3

				Membranes						3		3		3																																																3		3		3		3		3						3

				Magnetic materials		4.000				3		3		3																																																3		3		3		3		3						3

				Ceramics		6.600				3		3		3																																																3		3		3		3		3						3

				Semi-conductors		235.000				3		3		3																																																3		3		3		3		3						3

				Encapsulants/packaging						3		3		3																																																3		3		3		3		3						3

		Specialty & fine chemicals

				Coatings: protective						3		3		3																																																3		3		3		3		3						3

				anti-oxidants						3		3		3																																																3		3		3		3		3						3

				Formulations						|		|		|																																																|		|		|		|		|						|

				Impact modifiers						u		u		u																																																u		u		u		u		u						u

				Pigments/dispersants						u		u		u																																																u		u		u		u		u						u

				Refrigerants						u		u		u																																																u		u		u		u		u						u

				Scale inhibitors						u		u		u																																																u		u		u		u		u						u

				Surfactants						3		3		3																																																3		3		3		3		3						3

		Biomaterials

				Bio-sourced polymers						3		3		3																																																3		3		3		3		3						3

				Bio-compatible materials						3		3		3																																																3		3		3		3		3						3

				Bio-degradable polymers						3		3		3																																																3		3		3		3		3						3

		Optical materials

				Coatings						3		3		3																																																3		3		3		3		3						3

				Photo-refractives						3		3		3																																																3		3		3		3		3						3

				Opto-electronics						3		3		3																																																3		3		3		3		3						3

				Non-Linear Optical materials						3		3		3																																																3		3		3		3		3						3

		Glass formulations

				Fibers		1.300				|		|		|																																																|		|		|		|		|						|

				Electronic		2.000				|		|		|																																																|		|		|		|		|						|

				Magnetic		0.140				|		|		|																																																|		|		|		|		|						|

				Optical		0.075				|		|		|																																																|		|		|		|		|						|

		Structural materials

				Metals and alloys						3		3		3																																																3		3		3		3		3						3

				Composites						|		|		|																																																|		|		|		|		|						|

				Ceramics/metal oxides						|		|		|																																																|		|		|		|		|						|





Mini

		





Symyx

										3 - 4		Key

										5 - 9		Pacing

								Library Design										Deposition		Validation		Processing				Screening																				Database/Informatics

								Computational: Molecular Modeling, Simulations		Diversity analysis/clustering/analysis		Literature/Patent Databases		Reagent Building Block Analysis		Statistics, modeling, design of experiments		Laser ablation		Molecular Modeling, QSAR. QSPR, etc.		Mechanical: extrusion, etc.		Control of physical (e.g., temperature, time, stress)		Catalytic Selectivity		Catalyst Turn-over		Chemimetrics		Degradation (heat, water, light, etc.)		Electrical properties (conductivity,  etc.)		Luminescent properties (e.g., XRD)		Mechanical Properties (tensile, modulus, etc.)		Molecular Weight		Molecular Speciation (mass spec.)		Thermal properties (e.g., conductivity, Tg, etc.)		Electronic Laboratory Notebook (ELN)		Entity Inventory		Indexing		Search engines/Inferential Engines		Patent and prior art reviews		Structure Activity/Property Relationship Tools

				Polymers		Commodity (resins, film, fiber, rubbers, etc.)

						Engineering Plastics, alloys, blends

						Adhesives

				Catalysts		Heterogeneous  (1 - 2 metals)

						Homogeneous (>2 metals)

						Supports

				Smart Materials		Solids

						Fluids

				Electronic materials		Polymers-conducting

						Display Materials

						Membranes

						Magnetic materials

						Ceramics

						Semi-conductors

						Encapsulants/packaging

				Biomaterials		Bio-sourced polymers

						Bio-compatible materials

						Bio-degradable polymers

				Optical materials		Coatings

						Photo-refractives

						Opto-electronics

						Non-Linear Optical materials

				Structural materials		Metals and alloys

						Composites

						Ceramics/metal oxides





Graphs

		SYMYX TECHNOLOGIES

		Combinatorial R&D Methods: Market Potential vs. Technologies

								PHASE OF TECHNOLOGY										VALUE:

								PACING > 5 years away)										9		|

								KEY (2-4 years away)										3		3

								BASE (0 to 1 year away)										1		u

				TECHNOLOGIES--->				Library Design										Deposition								Library Validation				Processing						Screening																										Database/Informatics										Decision Tools						Base Technologies

		Industry		Market		Market Potential Year 2000, $B		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Diversity analysis/clustering/analysis		Literature/Patent Databases		Reagent Building Block Analysis		Statistics, modeling, design of experiments		Chemical Vapor Deposition		Ink jet		Laser ablation		Thermally-driven transport (e-beam, LEED, laser, etc.)		Molecular Modeling, QSAR. QSPR, etc.		Micro-Inspection/Error Identification On-line		Sample size --control  of interfacial, diffusion, mass transport		Mechanical: extrusion, etc.		Control of physical (e.g., temperature, time, stress)		Catalytic Selectivity		Catalyst Turn-over		Chemimetrics		Degredation (Heat, water, light, chemical, bio, combinations thereof)		Electrochemical properties (e.g., redox potential)		Electrical properties (conductivity, dielectric constant, etc.)		Luminescent properties (e.g., XRD)		Mechanical Properties (tensile, modulus, viscosity, etc.)		Molecular Weight		Molecular Speciation (mass spec.)		Optical characterization (IR, UV, UV-Vis, reflection, refraction, chirality etc.)		Polymer architecture/morphology		Thermal properties (e.g., conductivity, Tg, calorimetry)		Electronic Laboratory Notebook (ELN)		Entity Inventory		Indexing		Search engines/Inferential Engines		Patent and prior art reviews		Promotion analysis & tools		Prioritization		Structure Activity/Property Relationship Tools		Micro-machining		Robotics		Micro-fluidics

		Polymers

				Commodity (resins, film, fiber, rubbers, etc.)				|		|		|		|		|										3						3		3																3		3		3		u		3		3

				Engineering and Specialty Resins (incl. alloys, blends, etc.)				|		|		|		|		|										3						3		3																3		3		3		u		3		3

				Adhesives		65.000		|		|		|		|		|										3																								3		3		3		u		3		3

		Catalysts

				Heterogeneous  (1 - 2 metals)				3		3		3		3		3				u		u		u		u		u						u		3		3		3		3														u				u

				Heterogeneous  (>2 metals)				3		3		3		3		3				u		u		u		3		u						u		3		3		3		3														u				u

				Homogeneous (1 -2 metals)				3		3		3		3		3										3		u						u		3		3		3		3														u				u

				Homogeneous (>2 metals)				3		3		3		3		3										3		u						u		3		3		3		3														u				u

				Supports				3		3		3		3		3										3		u								3		3		3		3														u				u

		Smart Materials																		u		u		u																																u

				Solids				3		3		3		3		3										3																														u

				Fluids																						3																														u

		Electronic materials

				Polymers-optical																						u								u												3										u

				Polymers-conducting				3		3		3		3		3										u								u												3										u

				Display Materials				3		3		3		3		3				u		u		u		3		u						u												3		u								u

				Membranes				3		3		3		3		3										3																				3										u

				Magnetic materials		4.000		3		3		3		3		3				u		u		u		3		u						u												3										u

				Ceramics		6.600		3		3		3		3		3				u		u		u		3		u						u												3										u

				Semi-conductors		235.000		3		3		3		3		3				u		u		u		u		u																		3										u

				Encapsulants/packaging																						3																				3										u

		Specialty & fine chemicals

				Coatings: protective																						3																														u

				anti-oxidants																						3																														u

				Formulations				3		3		3		3		3										3																														u

				Impact modifiers																						3																														u

				Pigments/dispersants				3		3		3		3		3										3																														u

				Refrigerants																						3																														u

				Scale inhibitors																						3																														u

				Surfactants																						3																														u

		Biomaterials

				Bio-sourced polymers				|		|		|		|		|										3																														u

				Bio-compatible materials				|		|		|		|		|										3																														u

				Bio-degradable polymers				|		|		|		|		|										3																														u

		Optical materials

				Coatings																u		u		u		3																				3										u

				Photo-refractives				3		3		3		3		3				u		u		u		u		u						3												3										u

				Opto-electronics				3		3		3		3		3				u		u		u		u		u						3												3										u

				Non-Linear Optical materials				3		3		3		3		3				u		u		u		u		u						3												3										u

		Glass formulations

				Fibers		1.300																				3																														u

				Electronic		2.000														u		u		u		u																														u

				Magnetic		0.140		3		3		3		3		3				u		u		u		3																														u

				Optical		0.075		3		3		3		3		3				u		u		u		u																														u

		Structural materials

				Metals and alloys				3		3		3		3		3				u		u		u		u						3																								u

				Composites																						3						3																								u

				Ceramics/metal oxides				3		3		3		3		3				u		u		u		u						3																								u





		





		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR
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Polymers

Commodity (resins, film, fiber, rubbers, etc.)

Engineering and Specialty Resins (incl. alloys, blends, etc.)

Adhesives

Catalysts

Heterogeneous  (1 - 2 metals)

Heterogeneous  (>2 metals)

Homogeneous (1 -2 metals)

Homogeneous (>2 metals)

Supports

Smart Materials

Solids

Fluids

Electronic materials

Polymers-optical

Polymers-conducting

Display Materials

Membranes

Magnetic materials

Ceramics

Semi-conductors

Encapsulants/packaging

Specialty & fine chemicals

Coatings: protective

anti-oxidants

Formulations

Impact modifiers

Pigments/dispersants

Refrigerants

Scale inhibitors

Surfactants

Biomaterials

Bio-sourced polymers

Bio-compatible materials

Bio-degradable polymers

Optical materials

Coatings

Photo-refractives

Opto-electronics

Non-Linear Optical materials

Glass formulations

Fibers

Electronic

Magnetic

Optical

Structural materials

Metals and alloys

Composites

Ceramics/metal oxides
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		Computational: Molecular Modeling,Atomistic Simulations, QSAR, QSPR

		Diversity analysis/clustering/analysis

		Literature/Patent Databases

		Reagent Building Block Analysis

		Statistics, modeling, design of experiments

		Chemical Vapor Deposition

		Ink jet

		Laser ablation

		Thermally-driven transport (e-beam, LEED, laser, etc.)

		Molecular Modeling, QSAR. QSPR, etc.

		Micro-Inspection/Error Identification On-line

		Sample size --control  of interfacial, diffusion, mass transport

		Mechanical: extrusion, etc.

		Control of physical (e.g., temperature, time, stress)

		Catalytic Selectivity

		Catalyst Turn-over

		Chemimetrics

		Degredation (Heat, water, light, chemical, bio, combinations thereof)

		Electrochemical properties (e.g., redox potential)

		Electrical properties (conductivity, dielectric constant, etc.)

		Luminescent properties (e.g., XRD)

		Mechanical Properties (tensile, modulus, viscosity, etc.)

		Molecular Weight

		Molecular Speciation (mass spec.)

		Optical characterization (IR, UV, UV-Vis, reflection, refraction, chirality etc.)

		Polymer architecture/morphology

		Thermal properties (e.g., conductivity, Tg, calorimetry)

		Electronic Laboratory Notebook (ELN)

		Entity Inventory

		Indexing

		Search engines/Inferential Engines

		Patent and prior art reviews

		Promotion analysis & tools

		Prioritization

		Structure Activity/Property Relationship Tools

		Micro-machining

		Robotics

		Micro-fluidics
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		Polymers

		Commodity (resins, film, fiber, rubbers, etc.)

		Engineering and Specialty Resins (incl. alloys, blends, etc.)

		Adhesives

		Catalysts

		Heterogeneous  (1 - 2 metals)

		Heterogeneous  (>2 metals)

		Homogeneous (1 -2 metals)

		Homogeneous (>2 metals)

		Supports

		Smart Materials

		Solids

		Fluids

		Electronic materials

		Polymers-optical

		Polymers-conducting

		Display Materials

		Membranes

		Magnetic materials

		Ceramics

		Semi-conductors

		Encapsulants/packaging

		Specialty & fine chemicals

		Coatings: protective

		anti-oxidants

		Formulations

		Impact modifiers

		Pigments/dispersants

		Refrigerants

		Scale inhibitors

		Surfactants

		Biomaterials

		Bio-sourced polymers

		Bio-compatible materials

		Bio-degradable polymers

		Optical materials
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		Photo-refractives

		Opto-electronics

		Non-Linear Optical materials

		Glass formulations

		Fibers

		Electronic

		Magnetic

		Optical

		Structural materials

		Metals and alloys

		Composites

		Ceramics/metal oxides
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