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Executive Summary 
 
The design, discovery and growth of novel materials, especially in single crystal form, represents 
a national core competency that is essential for scientific progress and long-term economic 
growth. Indeed, many of the major discoveries of condensed matter science during the last fifty 
years have been made possible by the discovery of new materials. Recently revealed phenomena 
such as high Tc superconductivity and the quantum Hall effect, for example, represent new states 
of matter that emerge from the collective behavior of large numbers of electronic, magnetic and 
lattice degrees of freedom. Such materials challenge our fundamental understanding of matter 
and provide novel materials functionality. New materials also lie at the core of many new and 
existing technologies, such as semiconductor electronics, solid state lasers, radiation detectors, 
compact disk storage, both cellular and optical communications, solar cells, fuel cells and 
catalysts. Such materials further hold the promise for new technologies ranging from efficient 
indoor and traffic lighting, to multi-component data storage, integrated bioelectronic sensors, and 
thermoelectric power generation.  Single crystals are often required to achieve a materials’ full 
functionality as well as to completely elucidate its properties.  
 
A Department-of-Energy-sponsored workshop was held on Oct. 10-12, 2003 in Ames, Iowa with 
the purpose of assessing the state of novel materials and crystal growth in the U.S. Leaders of 
broad areas of synthesis and condensed matter science reviewed present U.S. strengths, levels of 
support, and competition from abroad.  The principal finding of the workshop is that the current 
U.S. infrastructure and personnel levels are insufficient to meet the growing demand for high 
quality, specialized samples, and to maintain international competitiveness in an area vital to the 
nation’s condensed matter science enterprise. We further risk being unable to fully exploit the 
nation’s world- leading leading capabilities in neutron and x-ray science, even as powerful new 
facilities come on line. This situation is exacerbated by the several decade- long decline of 
traditionally strong industrial expertise in crystal synthesis, by the relatively small number of 
synthesis scientists being trained in U.S. universities and national laboratories, and by increasing 
support for single crystal materials synthesis in Europe and Japan. 
 
The principal recommendation of the workshop is that the Department of Energy should act to 
close the gap in U.S. based design, discovery and growth of novel materials for basic research by 
growing and coordinating the nation’s existing crystal growth efforts, by adding qualitatively 
new capabilities, and by significantly enhancing Ph.D. and postdoctoral training opportunities in 
universities, national laboratories and industry. Specifically, the workshop recommendations are: 
1) to broadly increase the level of funding for individual research activities in new materials and 
single crystal growth, 2) to establish a novel, national materials design, discovery and growth 
network with unprecedented interconnectivity, and 3) to create multi- investigator materials 
preparation facilities that feature specialized capabilities, provide samples on - a priority basis, 
and offer training in advanced techniques. We believe these recommendations will strengthen the 
U.S. base in materials synthesis at all levels, optimize the use of national resources, and integrate 
the materials synthesis community more effectively into the larger U.S. condensed matter 
science enterprise for maximum impact. 



Introduction  
 
The discovery and development of novel, complex materials with interesting and potentially 
useful properties is crucial to scientific progress and economic growth. Indeed, science is 
increasingly charted by the discovery and development of new materials. Recent Nobel prizes 
(quantum hall effects, conducting polymers, buckeyballs, high temperature superconductors, 
heterostructures and the integrated circuit) were made possible by the synthesis and development 
of new materials with exciting properties. The discovery process is often driven by purely 
scientific interests (curiosity), with the technological benefit being realized at a later time.   
 
The search for new or improved materials is also driven by the need to improve existing 
technologies as well as to realize new technologies based on novel functionality.  Virtually every 
technology is materials- limited. It is evident that the properties of materials limit the switching 
speeds in computers, the optical transmission of digitized light signals, the magnetic memory 
density in computers, the heat generated in large scale computers, the means by which we 
produce artificial light, the conversion of sunlight into electric energy, the ability to catalyze 
chemical reactions efficiently, the working parts of fuel cells which convert chemical energy into 
electricity, the electrodes and electrolytes of modern batteries, and the temperature, current and 
magnetic field at which a superconductor can function in electric power generation and 
distribution.  
 
The availability of advanced, often complex, materials with enhanced physical properties 
strongly affects the research agenda of the Condensed Matter, Materials Science and Chemistry 
communities. In particular, the ability to make single crystals of such advanced materials is often 
one of the critical steps on the path to understanding their electronic, magnetic, structural and 
optical properties. The design, discovery, and development of advanced materials with enhanced 
properties will take materials science and techno logy to the next level. We have entered an era in 
which the complexity of materials has suddenly come upon us – materials with much greater 
complexity in composition leading to potentially enhanced physical properties. Along with this, 
we have found materials with much greater complexity in their electronic structure, often 
reflecting a delicate balance among the competing spin, electronic charge, and excitations and 
crystal lattice interactions.  Most importantly, along with this increased complexity has come 
new and/or enhanced functionality.  
 
The past ten to twenty years have witnessed a continued flourishing in the discovery of new 
materials with remarkable properties. Colossal magnetoresistance, large thermoelectric power, 
and high temperature superconductivity are a few examples.   Unfortunately, over this same 
period, support for researchers engaged in the design, discovery, growth and characterization of 
novel materials (historically a mixture of industrial as well as governmental funding) has not 
kept pace with construction of new, large-scale measurement facilities, nor with research efforts 
abroad.  In order to place this in context it is useful to recall that one of the ways of parsing 
research efforts in condensed matter physics and chemistry is to draw the distinction between 
two complementary research methodologies:  new science made possible by new measurements 
and that made possible by new materials.  These two methodologies are complementary and 
intertwined.  Often new measurement techniques will lead to the discovery of new phenomena in 
existing materials. Just as often, new materials will yield new phenomena that test the limits of 



existing measurement techniques. Unfortunately, over the past 10-20 years, these two symbiotic 
methods of research have become seriously imbalanced.  To understand how the imbalance 
between these two methods of research occurred, we note that prior to 1990, much of the new 
materials discovery was performed at industrial laboratories, such as AT&T Bell Laboratories 
and IBM, and in an even earlier era at GE and Westinghouse. Recent trends have resulted in a 
dramatic decline in these industrially sponsored basic research efforts.  Over the last decade, 
many of the important discoveries in new advanced materials, as well as an alarmingly large 
fraction of the supply of samples for research, have come from outside of the U.S. 
 
During this same time frame the U.S. Department of Energy has made, and continues to make, 
major investments in x-ray, e-beam, and neutron facilities.  These facilities make it possible to 
investigate the properties of new materials in unprecedented detail in order to learn the 
underlying physics and chemistry that give rise to the extraordinary properties found in advanced 
materials.  In addition, the DOE supports a large number of researchers throughout the national 
laboratory system, as well as in universities, whose research efforts are focused on the 
characterization of novel materials.  The productivity of these facilities and researchers is highly 
dependent on the ready availability of newly discovered materials as well as on high quality 
samples of those materials known to be of specific interest.  Given the clear symbiotic link 
between groups that discover and grow crystals of novel bulk materials and the groups that 
perform specialized characterization measurements, the shrinking of the materials growth 
community, specifically during this time of rapid expansion of capability in the measurements 
community, has led at a minimum to a critical imbalance and some would argue to a crisis.   
 
The most obvious manifestation of the synthesis/measurement crisis is the disparity between the 
demand for cutting edge compounds driven by enhanced measurement capability, and the 
aforementioned loss of leadership in new compound discovery and supply of single crystals of 
new compounds. This disparity is leading to a bottleneck in the U.S. materials-research 
enterprise and, as a result, the U.S. is in danger of ceding much of its historical leadership 
position in condensed matter science research to Japan and Europe. Advanced materials are 
recognized as vital to U. S. interests and are an area where we must maintain our leadership 
position. It is within this context that a two-day, BES workshop on the design, discovery, growth 
and characterization of novel research materials was held in Ames Iowa, October 10–12, 2003.  
This report is a summary of the conclusions and recommendations of that workshop. 
 
Overview   
 
The importance of the design, discovery and growth of new materials has been emphasized in the 
1999 NRC report on Condensed Matter and Materials Physics Basic Research for Tomorrow’s 
Technology. This report highlights several strategic themes for the next decade, including 
“materials with increasing complexity in composition, structure and function” and “materials 
synthesis, processing and nanofabrication.”  The report goes on to state that “Materials synthesis 
is an area of extreme importance to condensed matter and materials physics. In many areas of 
condensed matter and materials physics research, the availability of research samples of 
sufficient quality and size is the limiting step to continued progress.” 
 



The design, discovery, growth and characterization of novel materials, especially in single 
crystal form, needs to be a major emphasis in the US-DOE science portfolio. Historically, 
materials growth has played a crucial role in both the country's defense research activities as well 
as in its industrial research activities. During World War II, the central role of piezoelectric 
crystals for torpedo hydrophones and quartz crystals for microwave resonators justified 
continuous support for basic research in crystal growth. The discovery of the transistor at AT&T 
Bell Laboratories was made possible by the growth of high purity, germanium single crystals, 
leading to the birth of the multibillion-dollar electronics industry. Hard magnets such as 
Nd2Fe14B provide the basis for applications ranging from actuators in cars to drives in 
computers. Similar examples can be found in transparent conductors such as indium-tin oxide for 
electronics applications, and gallium arsenide heterostructures for compact disc storage and cell 
phone amplifiers.   
 
Underpinning these technologies is the U.S. complex of basic condensed matter science. The 
design, discovery and growth of novel materials is the engine of the “new science by new 
materials” methodology for basic research. Research programs in areas such as 
superconductivity, mixed valence and heavy fermion materials, magnetism, metal-to- insulator 
transitions, charge- and spin-density wave materials, high-Tc superconductivity, buckeyballs and 
carbon nano-tubes, colossal magneto-resistance, etc., have all relied on the design, discovery, 
and growth of novel compounds. These examples and others emphasize that groups engaging in 
materials discovery and growth play an enabling role for research directions in the condensed 
matter physics and chemistry community.  
 
Indeed, materials growers provide an essential resource to DOE missions at large facilities, 
within individual research groups, and at the technology interface.  Each of these "customers" 
has increasing needs for high quality specimens: 
 

• Large single crystals are indispensable for neutron scattering, and their availability 
determines if fundamental questions about materials physics and chemistry can be addressed 
at all. DOE has invested heavily in neutron scattering by funding the Spallation Neutron 
Source (SNS) at Oak Ridge National Laboratory while maintaining existing neutron 
scattering facilities. Upon completion, the SNS will enable the U.S. materials research and 
condensed matter physics community to probe structure and excitations at a level 
unprecedented worldwide. Ultimately, the success of the U.S. neutron scattering enterprise is 
tied to an increased availability of single crystals of novel materials. 

 
• DOE investment in synchrotrons nationwide (APS, NSLS, ALS, SSRL) has enabled 
beamlines that can provide exquisite detail about the physical and chemical properties of 
novel materials.   Experiments at these facilities impose stringent requirements on degree of 
crystalline perfection (mosaicity, homogeneity, surface purity), resulting in an increasing 
demand for high quality samples at these facilities.   

 
• DOE-supported and other scientists in national laboratories and universities specialize in 
the measurement of detailed physical, chemical, and metallurgical properties of novel or 
interesting compounds.  The demands on the sample purity, composition, size or 
homogeneity can be extreme for such measurements.  Automation of routine data collection 



has greatly increased measurement throughput, highlighting a growing need for enhanced 
production of research grade samples of novel materials.   

 
• Opportunities materializing from improved single crystal growth and new materials 
functionality will drive future technology breakthroughs.  For instance, high quality SiC 
crystals can enormously benefit the semiconductor industry in high-power electronics and 
high-frequency applications; single crystal turbine blades can function at higher temperatures 
and have a superior corrosion resistance than polycrystalline units; large single crystals of 
luminescent materials such as Cs3Lu(PO4)2:Ce will be the future basis of medical imaging; 
lattice- and thermal expansion matched materials will provide substrates for various high-Tc 
superconductors; advances in GaN-AlN-InN crystal growth and epitaxy will advance high- 
power, high-temperature electronics; spintronic materials will enable increased memory 
density and magnetic computers; large-scale fabrication processes of multilayer photovoltaic 
devices will improve efficiencies  of the direct conversion of solar to electric energy. 

 
The picture is clear.  Existing and future facilities, individual researchers, and new technologies 
supported by DOE need an ever- increasing supply of well-designed, high quality research 
samples.  An imbalance has developed between the supply and demand for such samples, a 
disparity exacerbated by the shrinkage or closure of major industrial crystal growth laboratories 
over the past decade.  
 
The negative consequences of such an imbalance have been recognized by other countries. 
Japan, in particular, has major crystal growth facilities such as the Institute for Solid State 
Physics (ISSP) at the University of Tokyo housing about 15 optical floating-zone furnaces and 
the Universities of Tohoku, Kyoto, and Nagoya which each operate five such furnaces. 
Furthermore, in April of 2002, a “Center for Crystal Science and Techno logy” was established at 
Yamanashi University.  In a similar manner, the European Bio-Crystallogenesis Initiative 
(EBCI) is a joint project of 13 laboratories from 5 countries to obtain suitable single crystals for 
basic structural research. The need for high quality research materials, and the scientists who can 
design and grow them, needs to be a mounting emphasis in the US research portfolio at a level 
that can compete on the international stage with such established and emerging materials growth 
centers. 
 
The challenge to the U.S. scientific infrastructure is threefold:  (1) to re-establish a balance 
between its “new materials” and “new measurements” efforts (2) to reverse the trend of reliance 
on foreign sources for high quality research specimens, and (3) to redirect the flow of skills back 
to the design, discovery, and growth of novel materials. The development and growth of novel 
materials requires a sustained commitment of time, money and human resources over substantial 
time scales, often much longer than the usual three-year grant period. It is thus extremely 
important that BES/DOE rise to this challenge of reinforcing and expanding the U. S. effort in 
new materials design and growth.  
 
 



Outline of the new materials design, discovery, growth and characterization process.   
 
A research material goes through several stages as it progresses from discovery, to new material, 
to a known material of specific scientific and/or commercial interests.  At each stage an 
intellectual (and in some cases economic) winnowing process selects 'interesting' materials for 
further study.  To contextualize the recommendations of this report, it is valuable to trace these 
steps and to indicate where bottlenecks can and do appear in the process. 
 
A useful concept for understanding the different stages of a material is the “New Materials 
Pyramid” shown in the figure. At the pyramid base is the first stage, namely, the  design, 
discovery, and growth of the full range of compounds by the full range of synthesis techniques. 
This vast array of synthesis possibilities is driven by the nation’s core of independent, usually 
small, research groups and combines many different approaches: from materials exploration to 
focused synthesis on specific compounds, to synthesis science and the development of new 
techniques.  This network is diverse, including chemists, physicists, materials scientists, 
metallurgists, etc. and distributed across universities, national laboratories and industry. On 
average, the number of significant discoveries of new materials in a given group is small, 
requiring that these groups create and examine many materials using a range of criteria to judge 
them:  the search for new materials and phenomena is a resource- and labor- intensive process.  
Effort is also expended to learn more about well-known materials, or about novel materials of 
more limited interest, thereby increasing general knowledge.  In the case of a significant 
discovery, on the other hand, the discovery group (and in some cases much of the synthesis 
community) may be occupied for years.  Over the past decade, with an increasingly limited 
national synthesis capability, this process has been significantly slowed, leading to bottlenecks in 
the supply of materials to researchers. 
 

 
In the second stage, certain new materials will become selected by the community as especially 
important based on novel functionality, new insights into existing problems, or novel structures. 
Such selected materials have broad appeal that crosscuts the measurement community. For a 

 



truly exciting material this can be a time of rapid growth of knowledge.  A recent example of 
such a phenomenon was the six-month period following the announcement of superconductivity 
in MgB2, during which hundreds of papers were submitted and understanding of MgB2 grew 
explosively.  For such mid- life materials that have scaled the pyramid base, small crystals or 
polycrystalline samples often suffice for essential characterization.  However, as understanding 
grows and the nature of the experiments become more detailed, the need for specialized samples 
also grows.  At this point, it may be difficult to find a group, even the discovery group, that  has 
the capacity to make such specialized samples in the size or numbers required.  This also slows 
the pace of fruitful research. 
 
In the third stage at the tip of the pyramid compelling, highly studied materials reach maturity, 
and large, high-purity crystals are often essential to comprehensive understanding. Neutron 
scattering experiments require centimeter-sized specimens; synchrotron experiments require 
samples with extremely low mosaic spreads or extreme homogeneity; NMR and Mossbauer 
experiments require samples with specific isotopes. Sample availability again becomes a 
research bottleneck—a rate- limiting step for progress—that becomes harder and harder for small, 
isolated synthesis groups to overcome. 
 
An additional problem exists when specialized growth facilities are needed for materials that 
have uniquely dangerous properties such as radioactivity, high toxicity, or where growth requires 
extremely high (>2 GPa) pressures. For such cases, even the first stage of the materials pyramid 
is not accessible, since the facilities do not exist for such dangerous, expensive synthesis 
techniques.  
 
In summary, new materials travel along a reasonably well-defined trajectory, throughout which 
the needs of experimentalists for size and quality of samples evolve in parallel.  Bottlenecks to 
productivity exist along this trajectory associated with communication disconnects, sample 
availability, and infrastructure limitations.  We believe it is vital to preserve the intellectual 
diversity of small design discovery and growth groups at the base of the new materials pyramid.  
However, it is possible to increase the productivity and efficiency of the base by developing and 
supporting more groups engaged in exploratory materials synthesis, and by developing and 
supporting the network that joins them.  We also believe there is a clear need for facilities at the 
apex of the pyramid to address the bottlenecks associated with highly specialized materials, and 
training. 
 
Workshop recommendations  
 
The BES Workshop on Future Directions of Design, Discovery and Growth of Single Crystals 
for Basic Research was held in Ames, Iowa on Friday, October 10 through Sunday, October 12, 
2003.  It was convened to explore the issues outlined above and to express specific 
recommendations to BES for improving the state of materials synthesis and crystal growth in the 
U.S. science portfolio.  The main finding of this workshop can be summarized briefly: 

Current infrastructure and personnel levels are insufficient to discover novel materials and 
to grow high quality, specialized samples at a level commensurate with demand by facilities 
and experimental groups and to maintain international competitiveness in materials-driven 
research.  The linkage among existing synthesis groups is not optimal, contributing to 



bottlenecks in the creation and dissemination of research specimens to the condensed matter 
community.  

 
Three broad recommendations to DOE-BES were identified to address this finding: 
 

1 Increase the level of funding for individual research activities in the design, discovery 
and growth of novel materials for basic research.  This would include appropriate funding 
increases in existing programs as well as the creation of new programs at universities, 
national laboratories, and select industrial labs.  

 
2 Establish a novel materials design, discovery, and growth network to enhance the links 
among the various existing and future BES research efforts through meetings, personnel 
exchange, and materials databases.  A more tightly interacting research community will more 
effectively leverage DOE’s investment and reduce duplication, dead-ends, etc., and better 
integrate the materials synthesis community with the condensed matter science community. 

 
3  Create a set of multi- investigator materials preparation facilities. In addition to their 
existing research efforts, PIs at these centers would provide high quality materials for users, 
advance specialized techniques, and train new crystal growth scientists. 

 
We believe the first two recommendations can be addressed in a straightforward manner by BES.  
The workshop group was particularly enthused by the concept of a materials network linking 
individual groups.  It was strongly felt that such a network would yield a profound enhancement 
in the way materials growth is undertaken and in new materials output in the U.S. although the 
precise form of the network is still to be defined. Still, it must be emphasized that while 
efficiencies of effort are possible and desirable, given the scale of the problem, new resources 
will be necessary to achieve the needed balance as analyzed in this report. The third 
recommendation will require a substantial, visionary, and long term commitment from BES for 
additional staff and equipment.  This recommendation represents a potential strategy for 
elevating US materials synthesis and crystal growth to levels commensurate with existing and 
future Asian and European initiatives.   
 
In the text that follows each of these goals will be discussed in greater detail.  
 
Recommendation 1:  Increase the level of funding for individual research activities 
 
Empowering existing synthesis groups to enhance their materials output as well as the creation of 
new programs will encourage more researchers to engage in this area of condensed matter 
science.  Expected outcomes from such increased funding include: 
 

• faster and more frequent discoveries in basic research of novel materials  
• greater availability of high quality research samples throughout the U.S. 
• reduced reliance on foreign research samples—enhanced control of the U.S. research  
 agenda 

 



The creative engine that drives new materials research should continue to rely on a broad roster 
of researchers based in universities, national laboratories, and a few industrial settings. The 
independence and competitive nature of such programs is valuable and should be preserved. A 
wide variety of ideas and techniques increases the chances of finding new, scientifically 
interesting, and potentially technologically useful materials. The goal should be to multiply the 
number of 'interesting' materials by expanding the pool of researchers skilled in the practice of 
designing, growing and characterizing novel compounds.  This will lead to greater availability of 
novel materials for research at individual and facility-based programs nationwide. 
 
Also arguing for an increased number of design, discovery, and growth programs would be a 
decreased reliance on samples grown by sample preparation groups in either Asia or Europe. 
 
Substantially increasing support for existing BES programs and creating new materials 
preparation groups would be a major step toward realizing the outcomes identified above. One 
possible model is for the DOE to commit to a 10–20 % annual growth in the new materials 
design, discovery and growth budget for each of the next 5 - 10 years.  Such a commitment to 
growth would address each of the above points by allowing for the training and employment of 
more researchers in this key area of new materials research. 
 
Recommendation 2:   Establish a novel materials design, discovery and growth network 
 
Materials synthesis researchers, those supported by BES as well as other agencies, comprise a 
diverse cohort of physicists, chemists, metallurgists, and material scientists.  Each of these 
scientists brings unique skills and perspectives to the design, discovery and growth of novel 
materials. Such individuality is essential to future vitality and productivity in the field.  However, 
a new level of cooperation, data sharing, and interchange through a formal ‘materials network’ of 
these individual programs could yield a whole greater than the sum of its parts.   
 
Enhancing communication and formalizing links among existing and future BES research 
programs will leverage DOE’s investment, paying dividends in new materials output and 
efficiency. Reducing duplication and minimizing dead-end trails will be the immediate outcomes 
of such a network.  Robust collaborations, new ideas, and shared expertise and infrastructure are 
some of the long-term benefits.  The detailed workings of the materials network have been left as 
a future planning activity for BES; however, a recommended out line of its desirable features was 
developed at the workshop.  In particular, the network would: 
 

• Organize annual and/or topical meetings of BES supported materials growth  
 researchers 
• Establish and maintain a materials growth, characterization and availability data bank 
• Manage a personnel exchange among BES-supported materials preparation efforts.  

 
Annual and/or topical meetings of BES-supported materials researchers will foster stronger ties.  
The meetings would focus on current scientific discoveries as well as the status of joint research 
projects, status and needs of large BES user facilities, and the training of new scientists in the 
broad field of novel materials design, discovery growth and characterization.    
 



Another objective of the materials network would be to establish and maintain a novel materials 
growth and availability data bank.  This data bank would collect in one place information about 
the various materials that the different groups receiving BES funding have made:  growth 
procedures, additional information about growth details, and comments about sample size, 
quality, stability, and even availability.  The purpose of this data bank would be to provide BES 
sponsored researchers a directory of available and well-characterized samples and sample 
producing techniques.   
 
This novel materials design, discovery growth and characterization network would also establish 
and coordinate a program that would encourage and facilitate the exchange of students, post-docs 
and researchers among BES supported efforts.  These exchanges could be of arbitrary length, 
depending on the nature of the projects or training desired.  Such a program would take 
advantage of the range of facilities and skills present in the different BES sponsored research 
efforts.  Increased training of research scientists skilled in the art and science of novel materials 
design, discovery growth and characterization is an anticipated outcome.  In addition, the 
exchange of personnel is an effective means to establish strong ties among various research 
efforts. 
 
In many ways, this materials design, discovery and growth network embraces the model 
currently exercised by the DOE Center of Excellence in Synthesis and Processing.  Here, an 
annual budget of “glue” funding is provided to bring together like, or complementary, programs 
at several national laboratories and universities.  The premise is that the added money will allow 
programs to stretch beyond working in isolation and foster breakthrough results through these 
new collaborations.  Typically some travel is supported, as is an annual workshop.  The CSP has 
been and continues to be an extremely strong element of the BES portfolio.  We anticipate that a 
network built upon the principles of this program would be a successful means to connect and 
energize the network participants, and that a similar level of funding ($300 K) would be a 
starting point for a successful network program.  It is anticipated that the scope of the materials 
network may exceed that of a single CSP, however, because of the breadth of materials issues of 
current interest. 
 
Recommendation 3:  Create multi-investigator materials preparation facilities 
 
Materials preparation facilities distributed over several BES labs would become centerpieces of a 
novel materials design, discovery, growth and characterization network.  These facilities would 
directly respond to the growing need for highly specialized samples for BES researchers and 
neutron/x-ray sources. These materials growth facilities would be an integral part of the materials 
network, contributing their own existing new materials research efforts while satisfying needs of 
the upper part of the materials pyramid.  As such, these centers would provide for the U.S. 
materials community: 
 

• Growth of high quality research materials for users  
• Specialized techniques of materials synthesis that require extraordinary infrastructure  
• Advanced understanding of crystallization and phase diagrams 
• New exploratory growth techniques and the science of synthesis 
• Training for materials growth staff and scientists 



 
As part of their mandate, BES-supported crystal growth facilities will apportion a fraction of 
their research scientist time to the production of research grade samples.  Resource allocations 
would be based on proposals submitted from the larger BES research community and peer 
reviewed.  These proposals could request samples of specific size, of specific composition and 
quality, or of specific isotopic composition.  Alternatively, a proposal could request 
determination of temperature-composition phase diagrams necessary to facilitate crystal growth. 
Where relevant, a tech-transfer process could take place, with new or specialized techniques 
passing from an individual design and discovery group to the facilities. 
 
The facilities would create and grow samples that require extraordinary infrastructure or 
techniques unlikely to be found in other settings.  Examples of such samples would be highly 
radioactive or toxic materials or samples that require extraordinarily high temperature, pressure 
or other extreme environments for growth.  Another class of such materials would be compounds 
that simply require extremely complex or expensive purification and/or growth techniques.   
 
As centers for new materials design and growth education, these facilities would also lead the 
research community’s understanding of crystallization and phase diagrams.  This understanding 
is often vital for better control of crystal growth.  In addition the facilities would be active in 
creating, refining, and disseminating new exploratory growth techniques. 
 
Training for scientists in a wide range of materials synthesis skill-sets is not widely available in 
the U.S.  BES-supported facilities could fill this training gap by holding “Crystal Growth 
Schools” akin to the neutron and synchrotron summer schools held most years in the US as well 
as Europe.  By cooperating with smaller design and discovery efforts, skills and expertise would 
flow into the larger, materials growth facility.  This training process would not only be desirable 
for the creation of staff for this center but also would provide a “finishing school” for researchers 
interested in a broad, new materials research background. 
 
Siting the facilities at national laboratories will exploit the strengths  of existing facilities and 
ancillary capabilities. DOE investments in advanced characterization (synchrotrons and neutron 
sources) as well as theory and computer modeling (Ultrascale Scientific Computing Facilities, 
Esnet and NERSC) present opportunities for cross-fertilization. For example, the complexity of 
crystal growth itself is a formidable challenge to computer modeling due to the length and time 
scales, as well as the frequent occurrence of non-laminar flow. The observation of in-situ growth 
processes (single crystal growth from melt, Molecular Beam Epitaxy and Pulsed Laser 
Deposition thin film growth) using modern synchrotron and neutron scattering facilities may be 
the only way to obtain vital information about growth mechanisms and how to influence them.  
Integrating synthesis/fabrication as an independent and complementary entity to existing DOE 
user facilities is a model recently embraced by the five NSRCs, and the present facility model 
can learn from this paradigm. 
 
It should be noted that BES supported materials growth facilities such as these would require a 
substantial investment by DOE.  In this sense the third workshop recommendation will not be 
accomplished incrementally or via augmentation of current support.  It calls for a bold 



commitment on the part of DOE to a strong future in bulk materials synthesis in the US.  The 
value of such a network of facilities was readily apparent to the participants of the workshop.  
 
Summary 
 
The design, discovery and growth of novel materials, especially in single crystal form, represent 
a national core competency that is crucial for scientific progress and long-term economic growth. 
High quality, specialized samples are key to the future of condensed matter science, leading 
toward a fundamental understanding of new states of matter and underlying the technologies that 
flow from them. Unfortunately, the principal finding of the present Workshop is that the current 
U.S. infrastructure and personnel levels are insufficient to meet the growing demand for high 
quality samples, and to maintain international competitiveness in synthesis science, particularly 
in the area of single crystal growth. Our principal recommendation is that the Department of 
Energy should act to close the gap in U.S. based design, discovery and growth of novel materials 
for basic research by growing and coordinating the nation’s existing crystal growth efforts, by 
adding qualitatively new capabilities, and by enhancing the Ph.D. and postdoctoral training 
opportunities in universities, national laboratories, and industry. These recommendations will 
strengthen the U.S. base in materials synthesis, optimize the use of national resources, and 
integrate the materials synthesis community more effectively into the larger U.S. condensed 
matter science enterprise.   
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