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Project Summary 
Many technologically important materials exhibit complex collective phenomena that cannot be predicted 
from the properties of the individual units. This behavior emerges due to correlations between the 
individual units spanning multiple time and length scales. This multiplicity of scales presents a formidable 
barrier to the simulation-guided design of modern materials. The scientific and technological challenges of 
addressing multiscale complex phenomena call for unprecedented collaboration of computational 
scientists, theorists, applied mathematicians, scientists, and engineers with expertise at each scale. They 
must take advantage of the enormous national investments in the next generation of hyperparallel, 
heterogeneous, multicore supercomputers to develop experimentally verified formalisms and algorithms 
that span all relevant scales. Developing collaborations that leverage new computational tools and 
experimental methods is both timely and prudent. According to NSF Director Arden Bement, we are on 
the cusp of a second Information Technology revolution “that may well usher in a new technological age 
that will dwarf, in sheer transformational scope and power, anything we have yet experienced in the 
current information age.”* At the heart of this revolution is peer-to-peer collaboration, new modes of 
research and education, and virtual organizations that work across institutional boundaries. This is the 
premise of this proposal. 
 

Intellectual Merit. We propose to transform materials science research and education throughout the 
State of Louisiana by creating the Louisiana Alliance for Simulation-Guided Materials Applications 
(LA-SiGMA). A major research focus of the Alliance will be to develop common computational tools for 
the study of multiscale phenomena in three Science Driver areas of current strength in the State, and of 
substantial technological and economic importance: (1) correlated electronic materials, (2) energy 
materials, and (3) biomolecular materials. The research roadmap for LA-SiGMA is shown in the 
accompanying figure. 

Rationale for the Proposed Research Program. Computational materials science is a relatively young 
field in which the capacity for discovery is largely driven by the development of new formalisms, 
algorithms, and codes. For example, density functionals with broad applicability (formalisms) developed 
by LA-SiGMA member John Perdew of Tulane, and associated implementation (algorithms) in widely-
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
* Cyberinfrastructure: The Second Revolution,” Chronicle of Higher Education Jan 3, 2007, 53 (18) B5 

LA-SiGMA Research roadmap. 
Common challenges and 
barriers (green) link three 
Science Drivers (yellow) of 
scientific and technological 
importance that leverage 
existing strengths in the State. 
Common computational tools will 
be developed and implemented 
on the next generation of high-
performance computing plat-
forms (blue). Experiments at 
existing facilities (orange) will 
test computational predictions 
and lead to refinement of forma-
lisms. These collaborative 
activities will lead to 
transformative advances in 
materials science research and 
education in the State. 
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used software packages have greatly increased the volume of research on the role of atomic and 
molecular clusters in catalysis and energy-related applications. The generalizations of dynamic mean field 
approximation developed by Mark Jarrell of LSU and coworkers, and the subsequent implementations in 
massively parallel codes have similarly shed much light on the properties of correlated electronic 
materials. Massively parallel molecular dynamics codes like NAMD or LAMMPS have had a direct role in 
advancing the study of biomolecular materials. Through this RII, the engine of scientific discovery that 
drives the development of formalisms, algorithms, and codes in one area will also drive tremendous 
advances in other areas because the Science Drivers are tightly integrated by the common set of 
challenges. Thus, the strategy to ensure the largest impact is to develop collaborations between groups 
representing the research areas in computational materials science that are consistent with the 
jurisdiction’s long-term S&T strategic plan. The emergence of a new paradigm in high-performance 
computing, i.e., the inevitable shift from multiprocessor machines to multicore and heterogeneous 
architectures, provides LA-SiGMA with exciting opportunities and challenges for truly transformative 
developments.  

The research program of LA-SiGMA will be structured around three Science Driver teams of 
experimentalists, theorists, and computational scientists and one Computational team. For the greatest 
impact, the majority of Alliance researchers will be members of one or more Science Driver teams as well 
as the Computational team. The latter team will develop formalisms for multiscale materials simulations 
relevant to all three Science Drivers.  The Computational team will also include experts who will help 
translate the formalisms into algorithms and codes that take advantage of current and anticipated high-
performance computing platforms. The commonality of the tools is the “glue” that tightly integrates the 
three Science Drivers. The teams will use these tools for generating testable predictions for systems of 
great technological and scientific interest. These predictions will be validated by experimentalists on the 
Science Driver teams, making use of existing materials research facilities in the State. The close 
interactions between the computational, theoretical, and experimental scientists will help refine and guide 
the experimental and computational efforts. The experimentally validated computational approaches will 
transform the utility of simulation-guided materials science.  
The Alliance members are: Louisiana State University (LSU, lead institution), Grambling State University 
(Grambling), Louisiana Tech University (LA Tech), University of New Orleans (UNO), Southern University 
at Baton Rouge (SUBR), Tulane University (Tulane), and Xavier University (Xavier). Grambling, SUBR, 
and Xavier are classified among “Historically Black Colleges and Universities” (HBCUs). 
Strategic Fidelity. The goal of simulation-guided studies of materials is well aligned with the State’s 
master plan for economic development and statewide computational, experimental, and intellectual 
assets. These assets include the Louisiana Optical Network Initiative (LONI), the most advanced high-
performance computing (> 80 TFLOPS) network (40 Gbps) and communication infrastructure among 
EPSCoR states. LONI will devote at least 10% of its computational resources to the project. LONI and the 
LONI Institute were established through significant State investments; the Institute allows the recruitment 
of talented faculty to Louisiana. These investments form the nucleus of our Alliance. These efforts are in 
accord with Louisiana: Vision 2020, the master plan for Louisiana economic development, which targets 
information technology, materials, and biotechnology. The Alliance will leverage existing investments in 
experimental materials science facilities, including the Center for Advanced Microstructures and Devices 
(CAMD, the State’s own synchrotron source), the Institute for Micromanufacturing (IfM), the Advanced 
Materials Research Institute (AMRI), and the Center for BioModular Multiscale Systems (CBM2). The 
current NSF RII award to develop statewide cybertools and previous awards to the jurisdiction have 
established the infrastructure needed to support the current proposal as well as the collaborative 
framework for ensuring its success.  All elements of the external engagement and workforce development 
plans are focused on the development of sustained excellence in computational materials research. To 
this end, the State pledges $2M cash match per year for the five-year duration of this RII project. 
Broader Impacts and Value Added. The project will impact education and workforce development in the 
State by creating a comprehensive set of programs addressing various demographic needs. These efforts 
will result in major transformations in education, research, and workforce development in the State, as 
follows.  
Education and Human Resource Development: Pipelines to advanced education will be created through 
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joint programs such as the 4+1 program between Grambling and LA Tech for undergraduates to gain an 
Applied Physics MS degree in five years of study, the 3+2 dual degree program between Xavier and 
Tulane, and the 2+2 program between SUBR and Baton Rouge Community College. We will also 
leverage a new interinstitutional PhD program in Materials Science (collaboration between LSU, SUBR, 
and UNO) and an interdisciplinary PhD in Molecular Sciences and Nanotechnology at LA Tech that will 
be proposed to the Louisiana Board of Regents. Tulane is recruiting an endowed chair in materials 
science for their newly created Division of Physical and Materials Science. We will provide specialized 
interinstitutional courses for graduate and postgraduate students who will enter the workforce as highly-
skilled, well-trained computational materials scientists. These courses will be integrated into the curricula 
of the PhD programs to ensure their sustainability. The graduate education program will be unique in the 
statewide delivery of new courses to support the degree programs mentioned above, using synchronous 
HD video as well as asynchronous methods.  
Diversity: Under the guidance of LA-SiGMA’s Diversity Advisory Council, specific recruiting and retention 
measures are planned to increase the participation of women and underrepresented groups in the 
activities of the Alliance, including summer fellowships for undergraduates and research supplements of 
up to $15,000 for graduate students. Project funds will be used to help recruit outstanding 
women/minority faculty into Alliance institutions. The Louis Stokes Louisiana Alliance for Minority 
Participation (LS-LAMP), Louisiana’s implementation of NSF’s Bridge to Doctorate program, will also be 
leveraged for this project. Our goal is to double the women/minority membership in the Alliance by the 
end of the project period. 
Workforce Development: A comprehensive workforce development plan is proposed, which includes 
programs designed to involve high school, two-year college, and undergraduate students in research. 
Our Research Experience for Teachers (RET) programs will train high school and two-year college 
instructors in inquiry-based teaching methods focusing on computational materials science. Short courses 
will be offered to two-year college students to train them in the use of state-of-the-art laboratory 
instrumentation as well as current and next generation high-performance computing systems. Internships 
and extended visits to industries, national laboratories, and international research centers will broaden the 
training and career options of graduate students and postdocs. 
External Engagement: Through Louisiana Public Broadcasting programs, web portals, newsletters, press 
releases, and public lectures, we will inform and engage the general public in our pursuit of this 
transformative research and educational initiative. Outreach to the worldwide scientific community will be 
accomplished through websites for distributing codes and technical knowledge developed within the 
Alliance. The Alliance will use existing industrial liaisons to communicate research progress to industries 
that may have a strong interest in our discoveries. Extensive use of cyberinfrastructure will enhance 
internal communications as well as interactions with external stakeholders, including the NSF. 
Evaluation and Assessment: Rigorous evaluation and assessment by an external evaluator and oversight 
by an external review board will ensure that project goals and objectives are met. Board members will 
come from diverse backgrounds and specialties. A comprehensive evaluation plan is based on mile-
stones for research, diversity, workforce development, external engagement, and sustainability. 
Sustainability: By leveraging prior NSF EPSCoR investments and state-funded research facilities, we will 
build statewide interdisciplinary research collaborations involving computational scientists, computer 
scientists and engineers, applied mathematicians, theorists, and experimentalists. We will build a 
sustainable interinstitutional computational materials science graduate program. Thus, LA-SiGMA will 
bring about a transformative and sustainable impact in computational materials research, education, and 
applications throughout Louisiana, and position the State to compete for and secure the first federally 
funded center of excellence for simulation-guided materials applications in Louisiana.  
The proposed initiatives will be sustained through a variety of mechanisms. Curricular reforms will be in-
stitutionalized through new PhD programs. The center of excellence will fund continuing external en-
gagement and workforce development activities. Aggressive recruiting of faculty and graduate students 
will increase the diversity and competitiveness of the research and education enterprise. Seed-funding 
programs and statewide workshops and conferences supported by the LA EPSCoR office will further con-
tribute to the sustainability of LA-SiGMA initiatives and build research capacity in the State.  
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4.1 Status and Overview 

Louisiana proposes to transform research and education in computational materials science throughout 
the State by creating the Louisiana Alliance for Simulation-Guided Materials Applications (LA-
SiGMA). The goal of this five-year project is to position the State to compete for and secure a federally 
funded center of excellence in Louisiana. We will accomplish this by leveraging existing statewide compu-
tational, experimental, and intellectual assets. 
Modern materials that drive today’s technology exhibit “complex emergent phenomena,” which refers to 
properties that emerge from the collective behavior of the fundamental building blocks. Such properties 
are qualitatively different from the behavior of the constituent atoms and molecules. The principal barrier 
in the simulation-guided journey from molecules to materials is this emergence of collective phenomena 
that span multiple length and time scales. A recent Department of Energy Basic Energy Sciences Advi-
sory Committee (BESAC) report1 cites the “inability of existing experimental and theoretical techniques to 
deal with the real-world nanomorphologies” as an obstacle to first-principles design of new industrial cata-
lysts. Another report on grand challenges2 devotes an entire chapter to “Emergence of Collective 
Phenomena: Strongly Correlated Multiparticle Systems.” Due to their collective nature, these phenomena 
elude reductionist approaches. For example, the properties of a helium atom give no hint of the super-
fluidity of liquid helium, but such properties are clearly ingredients of quantitative treatments that include 
the large length scales that do reveal superfluidity. Other examples include the dynamics of the Earth’s 
molten core,3 and the dynamics of our Sun.4 NSF, on the first page of its report,5 “Cyberinfrastructure Vi-
sion for 21st Century Discovery,” identifies similar problems, including weather modeling and protein 
folding, as only now being answered, and then goes on to say, “Coupled with continuing improvements in 
microprocessor speeds, converging advances in networking, software, visualization, data systems and 
collaboration platforms are changing the way research and education are accomplished.” Treatment of 
multiscale challenges that cross the boundaries between conventional disciplines requires teams of re-
searchers with expertise at each scale. New algorithmic and computational methods, and teams that 
incorporate applied mathematicians and computer scientists must be assembled to confront this chal-
lenge. In addition, close collaborations with experimentalists are needed to validate the computational 
predictions. Addressing this need requires peer-to-peer collaboration that spans multiple disciplines, new 
modes of research and education, and virtual organizations that work across institutional boundaries.  

LA-SiGMA will address this need by creating a statewide research and education program focusing on  
(1) electronic materials, (2) energy materials, and (3) biomolecular materials. Within the overall theme of 
“computational materials science,” these science drivers emerged as clear areas of strength through a 
statewide solicitation that yielded over forty multi-institutional whitepapers from teams of researchers. The 
majority of these teams included computational and experimental researchers, providing a strong founda-
tion for the proposed research program that relies on close collaboration between theorists, 
computational scientists, and experimentalists. The Alliance capitalizes on the jurisdiction’s Cyberinfra-
structure (CI) and past investments in experimental and computational materials science. Program 
objectives include: building the next generation of experimentally validated formalisms, algorithms, and 
codes for multiscale materials simulations; implementing them on present and next generation super-
computers; and educating the next generation of a highly skilled workforce of materials scientists and 
engineers. The value added by these efforts is a major transformation of education, research, and work-
force development in the State with strong multi-institutional partnerships brought together to integrate: 

! An education plan that includes new materials science graduate courses delivered across the State; 
! Well-developed relationships between research universities, two-year colleges, and the K-12 commu-

nity through ongoing outreach efforts; 
! Strong partnerships between Historically Black Colleges and Universities (HBCUs), two-year colleges, 

and other universities in the State; 
! Involvement of predominantly undergraduate institutions as partners in research; 
! A team focused on training students and researchers to fully utilize the next generation cyberinfra-

structure (CI); 
! Multifaceted diversity, workforce development, and external engagement plans including relationships 

with industries through researchers, industry liaisons, and the State EPSCoR Committee; and 
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! Rigorous evaluation and assessment by an external evaluator, and feedback through an External Re-
view Board (ERB) to ensure that goals and objectives of the project are met. 

Strategic Fidelity and Impact of this project are enhanced by Louisiana’s investments over the past two 
decades in computational, experimental, and intellectual assets that make the jurisdiction well prepared to 
achieve these objectives. The components that make this plan most compelling and timely for Louisiana  
(Fig. 1) are the Louisiana Optical Network Initiative (LONI), the most comprehensive and robust CI among 
EPSCoR states; leveraging the current RII cybertools project; a confluence of internationally-known mate-
rials science researchers; and long-standing and successful experimental facilities for materials research. 
In the next few paragraphs, we outline the strengths, barriers, and opportunities for development of Loui-
siana’s Research and Development enterprise. 

Strengths. Louisiana hosts a diverse and 
geographically distributed group of 21 four-
year public and private universities that 
serves a population of 4.5 million. There are 
five PhD-granting institutions, two of which 
(LSU and Tulane) are Carnegie Research 
University/Very High. The State has several 
minority-serving institutions. Xavier Universi-
ty, according to the U.S. Department of 
Education, ranks first nationally in the num-
ber of African American students earning 
undergraduate degrees in both the biologi-
cal/life and the physical sciences. The 
Southern University (SU) system is the only 
historically black university system in Ameri-
ca with an enrollment of over 15,000 
students, offering 86 baccalaureate, 23 asso-
ciate, 26 master’s, and 5 doctoral degree 
programs. 

Following Louisiana: Vision 2020 – the master 
plan for economic development – the current and past two gubernatorial administrations have strategical-
ly supported Louisiana’s R&D enterprise. Vision 2020 targets specific Science and Technology (S&T) 
areas for investment: Information Technology, Materials, and Biotechnology. In 2002, the Governor’s Bio-
technology Initiative provided $2.75M in annually recurring funds and $5.7M in one-time funds to enhance 
state-of-the-art biotechnology research. Louisiana’s Information Technology Initiative invests $25M an-
nually, including $9M annually for the LSU Center for Computation and Technology, to develop S&T 
faculty expertise. This initiative recruits top-notch faculty, strengthens the State’s IT infrastructure, and 
enables the creation of new academic programs to enhance the workforce required by current and new 
IT-intensive businesses in Louisiana.  
In 2004, the State further committed $4M annually over 10 years to build its research CI via LONI. This 
world-class tool offers Louisiana research opportunities and a gateway to the world. Louisiana has re-
ceived national accolades for its vision and commitment to sustainability in deploying this groundbreaking 
network. In 2006, an additional $10M was invested in High-Performance Computers (HPCs) including a 
50-TFLOP computer that ranked 5th among academic institutions worldwide when introduced in 2007. 
The total computing capacity of LONI is 85 TFLOPS. With these resources, Louisiana was chosen as one 
of a small number of NSF TeraGrid resource providers. 
Strengths: Physical Infrastructure for Experimental Materials Science. The project will leverage shared 
experimental resources. The Institute for Micromanufacturing (IfM) facilities at Louisiana Tech University 
(LA Tech) will be used to study hydrogen absorption/desorption, catalytic conversion of biomass to biofu-
els, and the use of clay nanotubes for controlled release of drugs. Researchers at the Advanced Materials 
Research Institute (AMRI) at the University of New Orleans (UNO) will perform measurements on nanos-
cale magnetic and ferroelectric materials and novel electrochemical devices based on nanotube forests. 
The synchrotron at the Center for Advanced Microstructures and Devices (CAMD) at LSU will be used to 

 
Fig. 1. Louisiana’s targeted investment strategy. (Acronyms are ex-
panded in the text.) 
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study hydrogen storage and retrieval and strongly correlated electronic systems. The Center for BioModu-
lar Multiscale Systems (CBM2) at LSU will synthesize, characterize, and study the encapsulation and 
transport properties of biomolecules. 

Strengths: Physical and Intellectual Infrastructure for Computational Research. In addition to LONI, LSU’s 
Center for Computation and Technology (CCT) provides additional resources for this project. CCT scien-
tists will adapt and extend the “CyberTools” developed during the current RII project to the needs of this 
project, including data archiving, retrieval, reuse, and visual data analysis. CCT will guide the acquisition 
of and training on the next generation CI. 

Strengths: Intellectual Infrastructure for Materials Research. The State’s LONI Institute (institute.loni.org) 
is a recent joint collaboration between six research institutions, created by a $15M investment by the 
State, through which faculty are being hired in targeted areas of materials and computational science. 
The Institute is a virtual organization in which hiring and strategic planning decisions are shared between 
the six institutions. Other hiring initiatives have led, for example, to LSU’s recruitment of its first National 
Academy of Sciences member (Ward Plummer) and five additional materials science faculty.  

Barriers. The relatively large number of research institutions and resulting lack of a critical mass of intel-
lectual capital at a single location is a major barrier to achieving national competitiveness in Louisiana. 
Cooperative research among institutions is thus the best strategy to attaining national competitiveness in 
this relatively poor state. By funding large-scale, multidisciplinary projects with intra- and inter-institutional 
collaborations that leverage resource sharing, EPSCoR has had a transformative impact on the State. 
This momentum must continue for Louisiana to become nationally competitive. Through previous initia-
tives, Louisiana has begun to attract top-notch faculty and researchers to the State. What remains is to 
focus the investment and resources on targeted research areas of national need to propel the State to the 
next level of competitiveness. LA EPSCoR, in partnering with the State, aims to accomplish this goal 
through this RII proposal. 

Opportunities. LA-SiGMA will address these barriers by forming a highly focused statewide research 
consortium which capitalizes on intellectual talent, combines the pertinent elements developed under pre-
vious RII awards, and leverages the state-of-the-art CI that has recently become available to position 
Louisiana as a major hub of innovation in computational materials science. LA-SiGMA features compre-
hensive plans for education, external engagement, and workforce development. Although focused in 
terms of research areas, the Alliance is truly a statewide effort involving seven campuses and roughly 54 
investigators who will be members of interdisciplinary and interinstitutional teams. This critical mass of in-
vestigators is a significant strength of this proposal and is made possible using shared graduate students 
that increase the number of faculty participants and a stringent assessment structure that will ensure all 
participants are working in a coordinated and effective manner. The sustainability plan is designed to po-
sition LA-SiGMA to compete for a federally funded center of excellence in simulation-guided materials 
applications by the end of the five-year project. The intellectual capital and long-term interinstitutional col-
laborations further generated by this RII project will lay the foundations for this effort. 

The Louisiana Board of Regents (BoR), the statewide agency that coordinates State universities and col-
leges, will make significant contributions to the project. The State will contribute $2M cash match per year 
for the five-year duration of this RII project. Louisiana EPSCoR, which is housed at the Regents, is crucial 
to BoR’s arsenal of initiatives aimed at advancing the State’s research infrastructure. By Executive Order, 
the Governor recently established the Louisiana Innovation Council that will “develop and implement tar-
geted policies, programs, and investments designed to maximize the potential of our increasingly 
knowledge-based economy.” The Governor’s staff charged the Regents and EPSCoR leadership to assist 
in framing the work of the Council for advancing Louisiana’s R&D enterprise and its impact on the future 
economic competitiveness of the State. Specifically, Michael Khonsari, the PI of this proposal and EPSCoR 
Project Director, has been appointed by the Governor to serve on the Louisiana Innovation Council. 

The payoff from this project will be significant. LA-SiGMA will transform research and education in com-
putational materials science throughout Louisiana. The Alliance will have more than 100 faculty, 
postdocs, and students and will be sustained by collaborations involving shared students and postdocs, 
new PhD programs in computational materials, new courses taught via synchronous HD video, and ag-
gressive pursuit of external funding that will lead to a national center of excellence. 
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4.2 Results from Relevant Prior NSF Support in the Last Five Years 

EPS 0346411: (2004-2007) Louisiana’s Strategic Infrastructure Improvement (PI: Michael Khonsari): This 
RII award initiated the Center for BioModular Multi-Scale Systems (CBM2) involving multidisciplinary 
teams of science and engineering faculty from LSU, CAMD, LSU Health Sciences Center - New Orleans, 
Tulane Health Sciences Center, and Xavier. Over the grant period, CBM2 researchers prepared a total of 
384 scientific publications, gave 304 presentations, and secured $10M in external funding. CBM2 has de-
veloped new chemistries and materials (molecular, nanometer, and micron scale) that can be integrated 
into high-performance devices spanning several size scales, increasing their functionality and cost-
effectiveness through integration, and accelerating advancements in basic biological sciences and foren-
sics. In addition, a statewide S&T seed funding program (Pfund) was initiated. Funding in the amount of 
$400K resulted in $15M in external funding and 71 publications. Relevance to proposed activities: In 
the proposed project, CBM2 researchers will synthesize, characterize, and study the encapsulation and 
transport properties of biomolecules. The Pfund program was successful in catalyzing research in emerg-
ing areas; therefore it is included as an element of the subsequent RII, as well as the proposed project. 

EPS 0701491: (2007-2010) Louisiana’s Research Infrastructure Improvement Strategy (PI: Michael 
Khonsari): This current RII grant features the development of CI tools, or “CyberTools,” with four Work 
Packages designed to facilitate development of (1) scheduling and data services; (2) information services 
and portals; (3) visualization services; and (4) application services, toolkits, and algorithms. These tools 
are being developed in concert with innovative research in biosensor development and biotransport 
processes. As of June 2009, outcomes include over $17M in external funding, with $75M pending, 144 
publications, and two patents awarded. Relevance to proposed activities: This project has demonstrat-
ed the potential transformational impacts of computational science tools (CyberTools) to the 
advancement of science in the physical domain. It began to bring computer scientists together with do-
main scientists in the solution of complex problems. The CyberTools developed under this award will be 
adapted and extended to the needs of this project, including data archiving, retrieval, reuse, and visual 
data analysis.   

OCI 0710874: (2007-2009) HPCOPS: The LONI Grid - Leveraging HPC Resources of the Louisiana Opti-
cal Network Initiative for Science and Engineering Research and Education (H. Liu (PI), S. Jha (co-PI)): 
Through this project, Louisiana provides 50% of “Queen Bee,” a 50 TFLOP, 5,028 core Dell Linux cluster 
that employs Intel’s multicore processor technology, to the NSF TeraGrid. LONI is one of only 11 TeraGr-
id sites. Relevance to proposed activities: This award brings improved access to the TeraGrid for 
Louisiana researchers, and through associated training, prepares researchers for using NSF’s current 
and future leadership class of supercomputers. 

HRD 0503362: (2005-2010) Phase III - Louis Stokes Louisiana Alliance for Minority Participation (LS-
LAMP) (PI: Diola Bagayoko): LS-LAMP is a statewide mentoring program to increase the number and 
quality of minority students earning baccalaureate degrees in STEM disciplines and to actively promote 
their transition to STEM graduate schools for the pursuit of terminal (PhD) degrees. The Phase III award 
seeks to (1) consolidate and augment the achievements of Phases I and II; and (2) maximize the transi-
tion of minorities holding BS degrees in STEM disciplines to graduate STEM programs and research 
careers. Relevance to proposed activities: Dr. Bagayoko, who is also a member of the LA-SiGMA 
project execution team (see 4.10), will provide his expertise to create a supportive environment for Under-
represented Minorities (URM) in STEM disciplines. 

4.3 Research Program 
The study of collective emergent phenomena through the development of experimentally validated multi-
scale computational models provides significant opportunities for transformative materials research. A 
schematic representation of the general plan for the proposed research program is provided in the Project 
Summary. A major research focus of the Alliance will be to develop and experimentally validate common 
computational tools essential for three Science Driver (SD) areas of current strength in the State, and of 
great technological and economic importance: (1) electronic materials, (2) energy materials, and (3) 
biomolecular materials. The Alliance has roughly equal numbers of computational scientists/theorists 
and experimentalists and the proposed research budget is allocated accordingly. The research activities 
of the Alliance will be organized through three SD teams and one computational team. Alliance computa-
tional scientists will be members of at least one SD team as well as the computational team. The SD 
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Fig. 2. Science Drivers are linked by  
common computational tools. 

teams will develop new formalisms and methods for tackling multiple length and time scales and multis-
cale interactions and correlations. The computational team will include experts who will help translate 
these formalisms and methods into algorithms and codes that take advantage of current and anticipated 
high-performance computing platforms. The commonality of the tools will be a major factor that tightly in-
tegrates the three Science Drivers. The SD teams will use these tools for generating testable predictions 
for systems of great technological and scientific interest. These predictions will be validated by experi-
mentalists on the SD teams, making use of existing materials research facilities in the State. A feedback 
loop will develop between the experimentalists and the other team members to refine the formalisms, 
while also enhancing the collaborations between experimentalists, theorists, and computational scientists. 
Students and postdocs will work in a multidisciplinary team environment, providing a unique experience 
that enhances the training and educational impact of this project. The overlapping memberships of teams 
will ensure that advances in one area are rapidly communicated to other areas. Ultimately, the experi-
mentally validated computational approaches will position LA-SiGMA and the State to advance 
simulation-guided materials science and position the State to compete effectively for a federally funded 
center of excellence in simulation-guided materials applications. 

In the following sections, we describe the common computational tools and the proposed efforts in the 
three SD areas; also described is the coordination plan. The lead investigators for each effort are shown 
in brackets. 

4.3.1 Common Computational Tools for Multiscale Simulations 

The “glue” that holds the three SDs together (Fig. 2) are the formalisms, algorithms, and codes to be de-
veloped during the course of this project. Therefore, to achieve the goals of this RII project, we have 
assembled a cybertools and cyberinfrastructure (CTCI) 
group of 27 participants, led by Jha (LSU), that will allow 
Alliance members to more efficiently utilize the next genera-
tion of 21st-century supercomputers, including Blue Wa-
ters.6 The CTCI group will have four focus areas: (i) Novel 
Architectures [Ramanujan (LSU)], (ii) Execution Manage-
ment Tools and Environment [Allen (LSU)], (iii) Visualiza-
tion [Jana (SU)] and, (iv) Distributed Data Management 
and Provisioning [Kosar (LSU)]. The present state-of-the-
art petaflop computers have tens of thousands of proces-
sors. Alliance members have extensive experience with 
these machines and have achieved efficient scaling to 
10,000 processors. The next generation of hyperparallel, 
heterogeneous, and multicore machines will present addi-
tional challenges that can only be overcome with the 
shared experiences of the CTCI teams and applied ma-
thematicians [Lipton and Bourdin (LSU), Dai (LA Tech)], 
and Li (SU) and experts in high-performance computing 
[Jha, Sterling, Ramanujam (LSU) and Leangsuksun (LA 
Tech)]. The CTCI group will build upon the current RII-Cybertools project to provide the end-to-end com-
putational tools, environments and capabilities to enhance the utilization and productivity of high-
performance and distributed CI. This will enable the Alliance computational capabilities to both Scale-Up 
and Scale-Out, a balance of which is required to effectively utilize both the next generation of high-end 
machines (e.g., Blue Waters), as well as prepare the Alliance for the next phase of distributed national CI, 
namely, the TeraGrid XD (mid-2011). The Alliance will build transformational common toolkits around three 
core formalisms/algorithms indispensable for computational materials science, as outlined below. 

Next Generation Monte Carlo Codes [Pratt (Tulane), Jarrell (LSU), Mobley (UNO)]. Monte Carlo (MC) 
simulations can bypass long time scales by directly calculating free energies associated with activated 
(long time) processes and by allowing dynamical properties to be studied without following the dynamics 
serially.7,8 MC methods are employed in studies of phase equilibria, nucleation, protein folding, and elec-
tronic structure and will be used in all three SD teams. They allow simulations to be split into independent 
processes representing, for instance, different realizations of quantum state behavior, different parame-
ters (such as temperature), or simply by subdividing the MC Markov process. Therefore, many MC codes 
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are inherently parallelizable. However, these codes will not be efficient on the next generation of multi-
core, hyperparallel, or heterogeneous machines being developed as part of the 21st-century CI.5 Many of 
these problems can be resolved through the development of hybrid-parallel codes. The MC team will 
work closely with experts like Ramanujan (CTCI group) to develop a suite of next generation MC codes 
that will be used by all the SD teams. 

Massively Parallel Density Functional Theory and Force Field Methods [Perdew (Tulane), Wick (LA 
Tech), Bagayoko (SU)]. Density Functional Theory (DFT) with Generalized Gradient Approximation 
(GGA)9 has allowed computational chemistry to become an indispensable tool in all branches of molecu-
lar sciences. One of the most successful and systematic approaches to developing density functionals 
with broad applicability was pioneered by Perdew at Tulane,10 who will lead the development of more ac-
curate GGA functionals. The most recent functional from the Perdew group, the revTPSS-2009,11 holds 
great promise as the starting point for a fully nonlocal functional needed to describe correlated systems 
such as transition metal oxides. Such a functional will find immediate application in two SDs, namely, 
electronic and energy materials. We will also examine the M06 family of functionals from the Truhlar 
group12 that can describe long-range and non-bonded interactions that are important in biomaterials. The 
force field team led by Wick will design reactive and transferable (to different state points, mixtures, and 
interfaces) force fields for improved predictive ability. The computational team will help implement the new 
DFT functionals and force fields on multicore and heterogeneous platforms to allow SD teams to perform 
large-scale computations. These high-performance codes will be central to advancing all three SDs. The 
execution management team (Allen) of the CTCI group will work closely with Perdew, Bagayoko and 
Wick, to enable complex workflows, ensemble runs, and multiple-stage calculations to exploit the full po-
tential of novel machines like Blue Waters. 

Large-scale Molecular Dynamics [Ashbaugh (Tulane), Jha (LSU), Rick (UNO)]. While MC simulations 
can study the statistical properties of long time scale processes, simulating the dynamics at the molecular 
level requires Molecular Dynamics (MD) methods. Following the dynamics of multiple length scales (mo-
lecular to mesoscopic) demands a sophisticated and consistent treatment of the different length scales. 
Therefore, reliable MD simulations are critical for multiscale materials simulations. NAMD, Gromacs, and 
LAMMPS (http://lammps.sandia.gov/), are open source classical MD codes used for modeling atomic, po-
lymeric, biological, metallic, granular, and coarse-grained systems. New algorithms and codes based on a 
variational approach and hybrid MD/continuum methodologies will be developed and added as modules 
to the LAMMPS package. We will work in partnership (see letter of commitment) with Sandia National La-
boratories, the distributor for LAMMPS, which is designed for parallel computers that support C++ 
compilers and MPI message-passing library. The CTCI team will work with the SD teams to port 
LAMMPS to the next generation supercomputers in which MPI may not be the optimum solution. They will 
also lead the efforts to incorporate new (Sec. 4.3.2, Science Driver 2) or existing (such as ReaxFF13) 
force fields into the LAMMPS program.  The visualization team (Jana) of the CTCI group will work with the 
MD team to develop the space-time multiresolution visualization capabilities as well as integrate them 
within existing immersive and interactive environments. 

4.3.2 Science Drivers (SDs) 

SD1: Electronic and Magnetic Materials [M. Jarrell (LSU), J. Perdew (Tulane)] 
Many electronic and magnetic materials are characterized by strong correlations. They are the paradigm 
for complex emergent phenomena involving the many length scales barrier, as these materials exhibit 
long-ranged order (on the scale of the sample size) that emerges from atomic spin, orbital, and charge 
degrees of freedom (on the scale of 10–10 cm). The current state of the art uses spatially local approxi-
mations like Local Density Approximation (LDA) and the Dynamical Mean Field Approximation 
(DMFA).14,15 The goal of this SD is to transform the field by extending these methods to much larger 
length scales. The development of multiscale methods for strongly correlated electronic and magnetic 
systems is novel, and will involve a team of 26 faculty that includes experts in relevant computational and 
DFT methods and an experimental team that includes experts in a wide variety of measurement tech-
niques. The payoff of this collaboration will be the ability to accurately model strongly correlated materials 
on national leadership supercomputers for the first time. 

Strongly correlated materials have many promising applications. The 2007 International Technology 
Roadmap for Semiconductors16 stresses that highly correlated electron systems can enable new devices 
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by greatly enhancing their sensitivity to different applied fields. Organic magnets are highly tunable sys-
tems that will lead to a better understanding, which will help with the design of higher-performance 
magnets, e.g., with higher blocking temperatures. Several studies have been performed on molecular 
magnets as potential labeling and imaging agents for biology and medicine.17,18 Organic semiconductors 
are tunable, flexible, easier and cheaper to fabricate, and have long spin coherence lifetimes.19,20 In each 
case, it is the complexity of these materials that makes them promising, i.e., the ability to use the compet-
ing spin, charge, or orbital ordering to gain sensitivity to various fields, or the use of both the spin and 
charge degrees of freedom in spintronic organic semiconducting devices. 

Strong correlations can lead to emergent phenomena, including spin, charge, and orbital ordering. The 
complexity is further enhanced by a competition between states that is displayed by many strongly 
correlated materials, including heavy Fermion materials, transition metal oxides, high-temperature 
superconductors, spintronic materials, manganites, and organic magnets and semiconductors. These 
technologically promising materials are poorly understood due to long-ranged spin and charge 
correlations, competing ground states, and their complex phase diagrams.21 These competing states 
have both local (e.g., commensurate magnetism) and highly nonlocal (e.g., charge ordering) order 
parameters. Multiscale approaches are essential to treat both the development of long-range order and 
the competition between these states.  

SD1, Focus 1: Multiscale Methods for Strongly Correlated Materials. Investigators using the present 
set of numerical methods have begun to understand the individual phases of these systems. DFT, notably 
the Local Density Approximation (LDA), accurately describes a host of moderately correlated materials. A 
variety of augmentations (“LDA+” methods) allow DFT to address the role of stronger local correlations. A 
notable example is the combination of LDA or down folding LDA calculations22,23 with the Dynamical Mean 
Field Approximation (DMFA)14,15 and its cluster extensions, including the Dynamical Cluster Approximation 
(DCA).24-27 These methods have, for example, provided a qualitative understanding of the origins of 
antiferromagnetism and superconductivity in some systems. Yet these algorithms are fundamentally 
limited in their treatment of the different length scales. To understand the complexity that emerges due to 
the competition between different phases, a new suite of computational formalisms, algorithms, and 
codes is required. The SD team will attack the grand challenge problem of multiscale physics in strongly 
correlated systems by developing and applying novel methods that systematically incorporate nonlocal 
corrections to both LDA and DMFA.  
The barriers that inhibit these developments are inherent to existing computational methods. DMFA14,15 
and DCA24-27 map the lattice onto a cluster embedded in a self-consistently calculated effective medium. 
The cluster problem is usually solved using a Quantum Monte Carlo (QMC)28-30 simulation, while disorder 
can be included by averaging over configurations.24-26 Currently, either perfectly parallel (MPI) or hybrid 
parallel (MPI+OpenMP) calculations are used. For this project, in conjunction with the CTCI Novel Archi-
tectures team (Ramanujam), we will develop a hybrid continuous time QMC solver for 16-way multicore, 
hyperparallel computers such as NSF’s Blue Waters. Nevertheless, calculations are limited by the “minus 
sign” problem, which is nonpolynomial hard.31 This means that simulations of correlated electrons take 
exponentially longer as temperature decreases and cluster size increases, making it very difficult to treat 
correlations on the important length scales. Another issue is that the LDA is an approximation based upon 
the numerical solution of the Homogeneous Electron Gas (HEG). Since the HEG does not have ordering 
or moment formation, it is difficult to describe these phenomena using LDA. 

Significant developments beyond the state of the art are required to address these problems. For ex-
ample, in the DMFA/DCA approach, another length scale must be introduced as in the Multiscale Many 
Body (MSMB) approach.23,32 This is accomplished by a multiple embedding scheme in which correlations 
over each length scale are treated with an appropriate approximation. Strong correlations at short length 
scales are treated with a numerically exact QMC simulation on a small cluster. This cluster is embedded 
in the larger cluster where the weaker correlations at intermediate length scales are treated using the 
parquet approximation.33-37 This larger cluster is embedded in an effective medium that is used to treat 
correlations on the longest length scales. For this project, we will develop an MSMB code capable of 
treating multiple correlated orbitals. For DFT, the Perdew group will develop a complementary approach 
to the strongly correlated electron problem that relies upon improved approximations for the exchange-
correlation energy. A recent meta-GGA11 , which predicts accurate lattice constants and surface energies 
for solids and accurate atomization energies for molecules, is probably close to the limit of accuracy for 
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Fig. 3. Iron oxide clusters used 
as organic magnets will be cha-
racterized by electronic and 
vibrational structure, spin-ordering, 
and magnetic states and aniso-
tropy barrier [Ab initio 
calculations by Kolesnichenko 
(Xavier)]  

semilocal functionals, and is a natural base on which to build the fully nonlocal approximations. A hyper-
GGA currently under development11,38 based on these ideas, describes the strong correlation responsible 
for high energy barriers to chemical reactions, and also the moderate correlation present in ordinary mat-
ter. This functional will be incorporated into common DFT codes including VASP. 

The payoff from these developments will be the greatly improved ability to study the correlated systems 
described in Foci 2 and 3, where overcoming the multiscale barriers will be transformative. 

SD1, Focus 2: Correlated Organic and Ferroelectric Materials. Studies of organometallic conductors 
and magnets will be performed using porphyrins and iron oxide clusters coated with biocompatible small-
molecule capping ligands as testbeds. Porphyrins are excellent model systems for fundamental studies of 
the interrelationships between electronic properties and structure, due to their robust and versatile struc-
tural motifs, which allow production of a rich variety of molecular architectures.39-43 Molecular clusters 
formed by high-spin mid-3d-transition metals exhibit different forms of magnetic behavior, including ferro-
magnetism with slow relaxation rates.44-47  

Perdew, Ruzsinszky, and Burin (Tulane) and Derosa (LA Tech/Grambling) will study metalloporphyrin na-
nostructures to test and validate a wide range of DFT functionals, including the Local Spin Density 
Approximation (LSDA), the second generation GGA functionals, and the more recent meta- and hyper-
GGA functionals developed by the Perdew group. Jarrell and Moreno (LSU) and Fishman (Oak Ridge Na-
tional Labs) will use the calculated band structures to construct Hamiltonians that will be used in a 
DMFA/DCA study of the dynamic magnetic properties. These same Hamiltonian parameters will be used 
by Browne (LSU) and Derosa in nonequilibrium Green function calculations48-51 of charge transport in 
these systems. Garno52,53 (LSU) will prepare nanostructures of metalloporphyrins and perform magneto-
resistance and electrical conductance measurements for comparison with and validation of the 
computational methods.  

Burin, Ruzsinszky, and Perdew will use the new 
functionals to study high-spin molecules, such as 
iron oxide clusters (Fig. 3) embedded in organic mo-
lecules. To validate the computational approaches, 
Spinu (UNO) joined by Stevens and Goloverda 
(Xavier) will measure cluster magnetic properties 
using Squid Magnetometry54,55 techniques at UNO/ 
AMRI with samples synthesized by Kolesnichenko56,57 
(Xavier).  

The complex emergent phenomena of multiferroic composites allow the interconversion of electric and 
magnetic energy.58,59 This is an emerging class of multifunctional materials for smart sensors, computer 
memories (utilizing both charge and spin to store and process information), and voltage-controlled mag-
netic devices such as tunable microwave filters.60-62 Malkinski and Caruntu (UNO/AMRI) and Meda 
(Xavier) will fabricate nanostructured multiferroic composites, and Whittenburg (UNO) will perform com-
puter simulations using Perdew’s GGA methods to predict the magnetic, ferroelectric, mechanical, 
magnetostrictive and electrostrictive properties and model devices constructed using these materials.  

SD1, Focus 3: Superconducting Materials. These methods will also be used to study the new 
pnictide63,64 and cuprate superconductors. The pairing mechanism in the pnictide materials has not been 
established. Proposals include phonons, correlation effects enhanced by nesting,65 or a more novel me-
chanism involving overscreening of the Fe-Fe interaction by As.66 Methods that combine LDA and 
MSMB/DCA will be used by Browne, Moreno, Vekhter, and Jarrell (LSU) and Bagayoko (SU) to study the 
first two mechanisms. Assessing the overscreening mechanism requires Perdew’s new DFT methods, 
since conventional LDA will not capture the nonlocal effect of an As atom screening the interaction be-
tween adjacent Fe atoms, a major feature of the third mechanism. A central question surrounding the 
cuprates is: “What is under the superconducting dome?”67 surrounding a Quantum Critical Point (QCP) 
that was recently found in model calculations.68 The question of whether the order associated with the 
QCP, if any, competes with superconductivity must also be addressed. A new generation of massively 
parallel QMC and MSMB codes will be used to address these questions. For example, bottlenecks in the 
parquet equations include the contractions and rotations of large (greater than 100GB) rank three tensors 
(vertices), as well as numerical instabilities, which can be addressed with massively parallel linear sys-
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tems solvers, such as BICG, BICGStab, or GMRES. These new codes will be developed by an extensive 
collaboration involving researchers at the Center for Computation and Technolgy CCT, including Rama-
nujam (the developer of advanced tensor rotation and contraction methods), Jarrell, and Moreno (LSU), 
together with Tomko (Ohio Supercomputer Center), Fishman (Oak Ridge National Laboratory), as well as 
the computational team. This team will focus on the calculation of thermodynamic and transport proper-
ties, which will be validated by Diebold and Mao (Tulane); and neutron and ARPES spectra, which will be 
validated by Plummer and DiTusa (LSU) and Sprunger and Kurtz (CAMD/LSU); all using samples made 
by Jin and Zhang at LSU (see letters of commitment). 

SD 2:  Materials for Energy Storage and Generation [L. Pratt (Tulane), C. Wick (LA Tech)] 
Efficient and clean generation and use of energy are major challenges facing the nation and the world. 
Alliance members will study electrochemical cells and capacitors that store and deliver electrical energy, 
advanced materials for the storage and release of hydrogen, and catalytic reactions that generate hydro-
gen gas. These inquiries are tightly bound by the common barrier of multiple scales. For example, 
significant energy storage involves the short length scales of molecular chemistry, efficient delivery in-
volves energy and material transport over longer length scales, and the microstructure provides material 
design variables. The essential length scales range from 10–10 m to 10–3 m, and essential time scales 
range from 10–12 s to 103 s. In addition to the wide range of length and time scales, other barriers include 
accurate treatment of intermolecular forces using either Quantum Mechanics (QM) or force fields. Quan-
tum simulation is presently limited to time scales of ~10–11 s, while existing force fields, including coarse-
grained versions, are not well tested for the energy applications of interest herein and are limited to time 
scales much less than one second. The goal of this SD is to develop and apply novel DFT formulations, 
reactive and transferable force fields, and high-performance MC/MD methods to address these common 
challenges. There will be significant overlap in membership between the SD2 team and the CTCI group, 
as all projects involve DFT, force fields, MC/MD, visualization, and data management. We will combine 
these methods to treat all relevant scales. A team of 21 faculty with expertise in multiscale simulation me-
thods, DFT, MC methods, and continuum models will perform simulations that will be validated and 
guided by SD2 experimentalists. The payoff from this work will be experimentally validated multiscale 
models that can reliably guide the development of practical solutions to important energy-related prob-
lems which, in conjunction with the CTCI group, will utilize dynamic-execution models to reduce the time-
to-solution on multiple different architectures (Jha, Allen).  

SD2, Focus 1: Electrochemical Capacitors and Fuel Cell Electrodes Based on Nanotube Forests. 
Fast, high-energy density, electrical energy storage materials will be a disruptive technological advance 
for effective utilization of intermittent and distributed power sources from the grid, for design of electrical 
vehicles, and for regenerative energy capture, including automobile braking. Pratt (Tulane) has carried 
out the first molecular simulations of proposed supercapacitors based on carbon nanotube (CNT) forests 
(Fig 4).69 Zhao (SU) has promising preliminary results for the simulation-guided design of CNT-based fuel 
cell electrode materials. The goal of this focus area is to use novel MC and ab initio methods to over-
come the multiple time scales barrier and study electrical storage materials. The payoff is the ability to 
design better electrochemical capacitors and fuel cells. 

CNT forests are intrinsically multiscale problems. The interactions at the pore surfaces are 10–10 m scale 
and pore radii are ~10–9 m scale, while the height of the nanotube forest is 10–3 m. A research goal for ca-
pacitors is to improve the energy densities while retaining the natural advantages of capacitors of rapid 
response, long lifetimes, and temperature insensitivity. Molecular-scale simulations of these systems (Fig. 
4) are feasible69 and yield single-electrode capacitances in the neighborhood of 80 F/g of electrode, in 
agreement with experimental capacitances of electrochemical capacitors utilizing carbon-nanotube fo-
rests or carbide-derived carbons as electrode material. The Alliance will extend this work to address a 
variety of practical issues. 

Numerical simulations of pore filling will predict pore composition in important situations where reliable es-
timates are not available. This will characterize the dynamics over the relevant range of 10–9 s to 10–3 s 
for candidate materials. Ashbaugh, Pratt, and Bishop (Tulane) will develop and apply (with CTCI help) 
MC algorithms applicable to phase equilibria. Current models assume that a quantum capacitance adds in 
series with the electrochemical capacitance. The Alliance will use DFT methods to test this assumption 
using atom-level charging of graphite electrodes. Coarse-grained electron density models will be imple-
mented (with CTCI guidance) in large-scale MD simulations. Pesika (Tulane) will carry out cyclic 
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voltammetry on nanotube forests to explore the potential dependence of the experimental capacitances. 
The stored energy depends quadratically on the electric potential, and operation at potentials as high as 
4V could achieve a high energy density. But extraneous chemical damage must be avoided. Incorpora-
tion of chemical processes in molecular simulation is at the forefront of materials simulation research. 
Rick (UNO) will incorporate the reactive impurities from H2O redox chemistry to simulate damage ex-
pected at high potentials. 

Zhao and Bagayoko (SU) will use DFT-MD with Perdew functionals to understand the catalytic 
mechanism of the oxygen reduction reaction at nitrogen-doped CNTs. Preliminary simulations show that 
N edge-doped CNTs are the most stable structures. Henry (SU) will build fuel cells with these materials 
and will evaluate the effectiveness of the new designs. The CTCI group will port these calculations to next 
generation computers. 

SD2, Focus 2: Thermodynamics and Kinetics in H2 Storage Systems. Among the barriers that hinder 
the use of hydrogen as a clean alternative to hydrocarbon fuels are absorption/desorption rates, vo-
lume/weight ratios, hydride stability, and desorption temperatures of current H2 storage materials. The 
Alliance will use novel multiscale MD and MC simulations, kinetic MC, finite element, and finite difference 
modeling to predict rates of hydrogen uptake/release over time scales reaching 103 s and extending over 
several microns for metal alloy storage materials with new catalytic additives. Other Alliance members 
use X-ray tomography to probe these materials over the same length and distance scales. The goals of 
this focus area are to predict the influence of catalytic additives in enhancing atomic mobilities and de-
sorption rates in metal hydrides and to explore a wider range of potential hydrogen storage materials. The 
payoff will be an improved ability to design materials for hydrogen storage. 

Ab initio molecular scale energetic, structural, dynamic properties will be calculated by Mainardi (LA 
Tech). Wick (LA Tech), Chen and Hall (LSU) will develop force fields appropriate for these reactive sys-
tems to supplement the ReaxFF force fields. Hall, Chen, Wick, and Mobley (UNO) will use advance 
ensemble methods70-80 to calculate the free energies of different compositions and to determine the spi-
nodal points of mixtures. Mainardi and Dai (LA Tech) will study diffusion and reactions using kinetic MC 
and employ finite element and finite difference methods for extended length and time scales. CTCI group 
members will port codes, allow data reuse, and provide efficient work flow. Butler (LSU) and Dobbins (LA 
Tech/Grambling) will employ the LSU X-ray synchrotron tomography beamline and the Argonne Ad-
vanced Photon Source nanotomography beamline to study in situ and ex situ de/rehydrogenation 
reactions, to assess 3D microstructures and interphase boundaries, and to quantify the distribution and 
size of single phase domains. The CTCI visualization toolkits will be utilized for this part of the project. 
Since atomic diffusion rates may limit the desorption, Browne (LSU) will use Fick’s Law diffusion and non-
equilibrium chemical models to model solid state diffusion and phase transitions.81-83 The temperature-
dependent diffusion coefficients will be determined using diffusion and diffusion-reactions equations and 
experiments. The results of these simulations, calculations, and experiments will be the prediction of op-
timum conditions and materials for hydrogen release and uptake.  

Fig. 4. Design of the molecular simulations. 
Singe-walled nanotube (left); a simulation cell 
(right), which is repeated using periodic boundary 
conditions in all directions. The solvent is propyl-
ene carbonate and the electrolyte is 
tetraethylammonium tetrafluoroborate, routine ex-
perimental choices. The calculations utilized 
AMBER force field models. A realistic surface 
charge was imposed on the nanotube and the 
electrostatic potential difference between the con-
ducting solution and nanotube surface was 
evaluated at equilibrium. Typical simulations 
treated 1,000 propylene carbonate molecules and 
100s of ions for durations of 10 ns [simulations 
performed by the Pratt group (Tulane)69]. 



11 

 

SD2, Focus 3: Catalytic Reactions Involving Metal Oxides. Metal oxides are an important class of 
catalytic materials used in industry and are implicated in the formation of hazardous materials when 
formed in the environment. The scarcity of accurate force fields is the barrier that limits modern 
simulation for these materials. The goal of this focus area is to develop novel, reliable and transferable 
reactive force fields incorporating polarizabilities and environment dependent atomic charges. The 
potential parameters will be determined from structural calculations on large systems and charges, and 
their fluctuation parameters will be calculated from fits to electrostatic potentials. Massively parallel 
implementations (guided by the CTCI teams) of modern DFT functionals will be used to incorporate the 
force fields into the calculations of the SD teams. The payoff will be the ability to design better metal 
oxide catalysts and force fields for use in the other SDs. 

Burning lignocellulosic biomass (e.g., wood chips) in low oxygen conditions yields water gas, a mixture of 
CO and H2O. The water gas shift reaction is used to obtain CO2 and H2 from this mixture.84 The H2 can 
then be used as a source of energy. Experimentalists at LA Tech and Grambling have perfected methods 
for synthesizing metal oxide catalysts that promote this reaction under various conditions.85 Experimental-
ists at LA Tech have developed novel nanostructured catalysts that convert water gas to higher 
hydrocarbons or alcohols using Fischer-Tropsch processes,86 while avoiding some of the well-known 
problems with tar formation. Despite their importance, a molecular-level understanding of the catalytic 
processes in these two reactions is lacking. Complicating their utility, when metal oxide nanoparticles are 
released into the environment (through, for example, incineration of spent catalysts), they can catalyze 
production of Polychlorinated Dibenzo-p-Dioxins (PCDDs) and Dibenzofurans (PCDFs).87 This focus area 
will study both the beneficial and harmful features of metal oxides. 

Rick (UNO), Ramachandran and Wick (LA Tech), and Hall and Chen (LSU) will lead the computational 
effort using DFT, force field methods, and MC/MD simulations. Siriwardane (LA Tech) and Seetala 
(Grambling) will synthesize catalysts and use scanning probe microscopy and X-ray diffraction methods 
to study catalyst structure (see letters of commitment). They will evaluate catalyst performance using flow 
and batch reactors coupled to gas chromatographs. The computational and experimental team members 
will work closely, with shared students, to validate the computational models and force fields for metal 
oxides. Since catalytic processes nearly always involve bond breaking, atomic/molecular migration, and 
bond formation at different active sites at different times, the ability to deal with multiple length and time 
scales is essential. The validated models will be used to explore the possibilities of improving catalyst 
performance, and promising candidates will be examined by Siriwardane and Seetala. These studies will 
directly benefit two start-up companies in Ruston (Renewable Fuels, LLC, and Carbon Capture Energy 
Technologies, Inc.) that have provided letters of commitment for this work.  

The initial steps in the gas phase formation of PCDDs and PCDFs,88 and the structure and reactivity of 
small copper oxide clusters are now being studied89 to understand this molecular process. Accurate metal 
oxide force fields and sophisticated MC methods70-80 are needed to simulate the larger cluster sizes that 
are being studied experimentally by Dellinger (LSU). Hall and Chen will use the metal oxide force fields to 
study the structures and reactivities of metal oxide clusters containing 20-30 metal atoms, and to com-
pare to the experimental work of Dellinger. Zhao and Bagayoko (SU) will test the predicted structures and 
reactivities using DFT-MD.  
SD 3: Biomolecular Materials [Ashbaugh (Tulane), Moldovan (LSU)] 
Living organisms are composed of the most complex, hierarchically-organized materials known. Proteins, 
for example, are built from just 20 amino acids and, depending on their sequence, carry out diverse 
functions including catalysis, signaling, and structural support. The goal of this SD is to develop novel 
biomolecular material systems for the encapsulation, delivery, and release of therapeutics to targeted 
tissues. The barriers to achieving these goals are modeling length scales on the order of 10-9 to 10-7 m 
and the lack of sufficiently efficient force fields to enable simulations to reach time scales of 10-6 to 10-3 s 
required for meaningful predictions. At present, all-atom simulations are limited to length scales less than 
10-8 m and time scales up to 10-7 s. Coarse-grained (CG) methods allow simulations that reach 10-5 s. A 
team of 14 faculty members with expertise in multiscale MD, all-atom and CG force fields, and experiment 
will develop, apply, and validate multiscale methods applicable to biomolecular materials. The payoff will 
be experimentally validated multiscale models that enable the design of novel drug delivery vehicles. 
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While many drug candidates demonstrate desired therapeutic effects, many also exhibit undesirable so-
lubility, toxicity, or stability in vivo. Thus, there is exploding interest in carrier-based delivery methods that 
combine desired therapeutic effects with specific delivery sites. Two successful approaches include the 
noncovalent encapsulation of drugs inside self-assembled carriers, such as micelles or liposomes,90 and 
the covalent attachment of drugs to polymer scaffolds.91 Self-assembled carriers offer simple, low cost 
preparation, but are susceptible to disaggregation in vivo. The covalent connectivity of polymer scaffolds 
affords heartier transport, but requires potentially cost-prohibitive synthesis and drug-attachment/release 
chemistry. These methodologies are successful, as evidenced by the recent FDA approval of liposomal 
formulations such as DOXIL for the treatment of Kaposi’s sarcoma, and numerous polymer drug candi-
dates in clinical trials, such as OPAXIO for recurring ovarian cancer. Alternately, unimolecular polymeric 
micelles combine the advantages of single polymer carriers with noncovalent encapsulation, and are ex-
pected to expand potential targets. No single delivery strategy will be a panacea for all potential drugs 
and targets, requiring a multitiered approach to their design. 

Molecular and CG simulations will winnow the range of design variables of biodelivery vehicles and cir-
cumvent time consuming synthetic and characterization bottlenecks. The Alliance will focus on self-
assembled and unimolecular delivery vehicles, covering the range of practical molecular architectures. 
The modeling of delivery vehicles is inherently multiscale, from molecular-scale bio-specific hydrogen 
bonding and hydrophobic interactions to nanometer-scale conformational and aggregation state changes. 
To overcome the barriers to these computational objectives, advances in model development must be 
made. Our coordinated efforts will aim to (1) Develop new inter-atomic interaction potentials using DFT 
methods developed by Perdew (Tulane) and expand existing force fields (e.g., CHARMM,92,93 AMBER,94 
GROMOS,95,96 OPLS,97 etc.) to systems containing biological and nonbiological molecules; (2) Develop 
new CG and accelerated simulation strategies linking length and time scales inherent in biological sys-
tems. Wick, Chen, and Moldovan (LSU), and Ashbaugh (Tulane) will develop CG models (e.g., expanding 
the MARTINI98,99 force field) that preserve structure and thermodynamics between scales. Such tech-
niques have already been developed for modeling homopolymers up to 105 g/mol in weight, and will be 
expanded to heterogeneous biomaterials. In addition, Wick, Chen, Hall, Pratt (Tulane), Rick (UNO), and 
Ashbaugh will develop advanced hybrid molecular/continuum (HMC) methods to model nonequilibrium 
transport barriers to delivery. CG models and HMC algorithms will be ported into LAMMPS for broad dis-
semination; and (3) Develop advanced free energy evaluation strategies across heterogeneous computer 
networks to calculate differences between macromolecular conformational changes and drug solubiliza-
tion. Mobley (UNO) will develop these techniques that can be used for both molecular and CG models to 
reliably translate results across length scales. Specific focus directions are discussed below. The CTCI 
visualization group will provide expertise in computing spinors for molecules and other advanced visual 
analytical techniques. The data management and execution management groups will work closely with 
SD3 members to reduce the time-to-solution. 

SD3, Focus 1: Unimolecular vehicles. Modern polymerization tech-
niques can precisely synthesize nanoscale polymer components. Efficient 
coupling reactions, such as the Huisgen “click” reaction,100,101 permit indi-
vidual polymeric units to be linked to larger, modular assemblies that can 
be built into supramolecular structures102-104 for drug and peptide encap-
sulation105 that improve their solubility and/or stability in vivo. Grayson 
(Tulane) will synthesize and characterize a modular library of core mole-
cules (Fig. 7) and amphiphilic side chains (including pH sensitive and 
biodegradable functionalities) to explore encapsulation based on architec-
ture and chemistry.106 Architectures to be synthesized include linear, star, 
dendrimer, and macrocycle topologies.107,108 Encapsulation and hydro-
phobic dye (pyrene) solubilization in water will be tested using UV-vis. 
Light scattering will verify the size of the host-guest complexes. Dye-
labeled hydrophobic peptide encapsulation will also be investigated. The goal of this focus area is to de-
sign better unimolecular encapsulation materials. 

Ashbaugh and Bishop (Tulane) will explore the role of architecture and solvent to optimize vehicles for con-
trolled capture and release using hybrid, CG, and acceleration strategies. Molecular simulations will 
analyze drug solubility in aqueous/nonaqueous solvents and polymer side chain-guest interactions. 

linear

star/dendrimer
coarse-grained

star  
Fig. 5. Linear and star/dendrimer 
backbones to be synthesized 
and CG model star snapshot. 



13 

 
Fig. 6. DMPC bilay-
er simulation in the 
presence of "-
tocopherol [Moldo-
van (LSU)].  

Poly(ethylene oxide) oligomers will serve as a prototypical hydrophilic side chain, while 
poly(caprolactone) and polystyrene oligomers will serve as prototypical hydrophobic side chains. Guests 
to be studied include pyrene and drug peptides. Novel inverse MC simulations will be used to develop 
CG models (to overcome the time scale barrier) whose intra/intermolecular correlations match those of 
the molecularly detailed simulations described previously.109 Simulations will allow assessment of the ef-
fect of molecular topology (Fig. 5) on encapsulation efficacy. Depending on the topology, different free 
energies for absorbing/delivering cargo in differing environments will be used to optimize transport effica-
cy. Computed solubilities will be benchmarked against experiment, and molecular topologies studied by 
simulation will narrow synthetic targets. A second unimolecular delivery vehicle, halloysite nanotubes, will 
be studied computationally by Derosa (LATech/Grambling) and experimentally by Lvov (LA Tech, see let-
ter of commitment). Preliminary experimental work has established these nanotubes 
as effective sustained delivery vehicles.110,111 The payoff: experimentally validated, 
multiscale models will be developed112 to predict drug transport from halloysite nano-
tubes. 

SD3, Focus 2: Self-assembled delivery vehicles. As a complement to unimolecular 
carriers, drugs can be entrapped in surfactant assemblies with dimensions less than 
100 nm and absorbed via paracellular and transcellular routes in the intestine at rates 
dependent on the nanoparticle size, surface charge, and hydrophobicity. The goal of 
this focus area is to combine novel MD and CG simulation and experimental studies 
to examine the effects of nanoparticle properties on translocation efficacy through cell 
membranes. To overcome the time scale barrier, both all-atom and CG large-scale 
MD simulations will be conducted by Moldovan and Nikitopoulos (LSU) and Bishop 
(Tulane) using GROMACS113 and LAMMPS114 to investigate the mechanism(s) of ear-
ly stage surfactant self-assembly and the release/translocation of drugs through lipid 
bilayers (Fig. 6). The MD and CG investigations by Moldovan, Nikitopoulos, Bishop, 
and Ashbaugh are critical for understanding the mechanisms of drug absorption. They 
can serve to design experiments and to discriminate between mechanisms. The 
payoff: the determination of the optimal conditions (i.e., concentration, pH) under which desired struc-
tures are stabilized will be used experimentally to build delivery systems with functionalities targeted to 
specific applications. 

Experimental validation involves the synthesis and characterization of nanoscale delivery systems for im-
proved bioavailability via interfacial phenomena such as the formation of micelles and vesicles,115 and 
transport of nanostructures across lipid bilayer membranes, thus emulating cellular uptake. Surfactants 
and polymers will control nanostructure and functionality. Sabliov (LSU) will use emulsion evaporation to 
synthesize chitosan/poly(D,L-lactide-co-glycolide) (PLGA) nanoparticles with entrapped "-tocopherol 
(Chi/PLGA("T)). The nanoparticles morphology, size distribution, and zeta potentials will be characterized 
using dynamic light scattering and TEM. The passive transport of Chi/PLGA("T) nanoparticles through 
phospholipid bilayers will be investigated using both MD and CG simulations. A biomimetic artificial mem-
brane permeation assay based on dipalmitoyl-phosphatidylcholine liposomes will be used to 
experimentally assess passive in vitro transport of Chi/PLGA("T). The mechanistic insights revealed by 
the MD and CG studies will impact directly our fundamental understanding of the role of the 
Chi/PLGA("T) nanoparticle characteristics on their transmembrane permeability, ultimately leading to im-
proved delivery protocols.  
4.3.4 Research Coordination Plan 
The requisite extensive communication among all of the personnel involved in establishing sustainable 
research collaborations and community building across the State will be a distinctive and transformative 
feature of this project. These investigators are part of an organizational framework that involves one com-
putational team and the three SD teams, which are tightly integrated with each other. Senior personnel 
who have significant administrative, oversight, and leadership roles request modest salaries from the pro-
posed budget (see budget justifications). Every project team will involve faculty, students, and postdocs 
from different campuses. These teams will interact weekly via synchronous HD video. In addition, a 
weekly seminar for all researchers will be scheduled at a rotating site (with speakers from within or out-
side the project) and broadcast to other sites using synchronous HD video. Following the formal 
presentation, informal conversations and discussions will take place among the participants across the 
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State. At the conclusion of these seminars, senior personnel will coordinate projects. The Alliance will 
produce a monthly electronic newsletter with nuggets describing research progress for internal distribu-
tion. These nuggets will help inform and cross-pollinate interactions. Biannual “all-hands” face-to-face 
meetings will be held at rotating sites. After the first year, one of these meetings will feature world-class 
materials science researchers representing computation, theory, and experiment. Eventually, this will 
evolve into a sustainable international conference series with participation by the EPSCoR office and par-
ticipating institutions. A science coordinator will assist the Project Execution Team (PET, see 4.10) to 
coordinate these activities. The research activities and interactions will develop the collaborative synergy 
and intellectual capital needed to successfully compete for other funding opportunities. Leveraging of RII 
funds from other sources and collaborative pursuit of additional funding for the projects will be expected.  

An Evaluation & Assessment team (E&A, see 4.10) will conduct regular evaluations of each project’s 
progress towards meeting research milestones as well as the level of participation of project teams in the 
diversity, workforce, and external engagement aspects of the RII project described in the following sec-
tions. These evaluations will be passed to the PET, which will make recommendations to the External 
Review Board (ERB, see 4.10). These, along with data gathered by an external evaluator (Sec 4.8), will 
be used by the ERB to make recommendations to the Project Director and the PET for possible adjust-
ments and alterations as needed to achieve the project objectives. 

4.3.5 Research Milestones 
SD 1: Electronic and Magnetic Materials 

Focus 1:  
! Develop continuous time QMC solver for 16-way multicore supercomputers (Y 1-2) 
! Incorporate Hyper-GGA functionals into common DFT codes including VASP (Y 1-3) 
! Develop MSMB solver able to treat multiple correlated orbitals (Y 2-4) 
! Port hyperparallel codes to NSF national leadership class machines (Blue Waters) (Y 3-5) 

Focus 2: 
! Test array of DFT functionals’ prediction of metalloporphyrin and ferroelectric properties (Y 1-2) 
! Prepare and measure electrical/magnetic properties of metalloporphyrin nanostructures (Y 1-2) 
! Develop experimentally validated computational models for porphyrin systems using  

magnetoresistance and electrical conductance measurements as guides (Y 2-5) 
! Develop multiscale models of metalloporphyrin systems using DFT parameters (Y 3-5) 
! Predict charge transport in metalloporphyrins and compare with experiments (Y 3-5) 
! Prepare organic magnets and ferroelectrics (Y 1-3) 
! Predict properties of ferroelectrics using new nonlocal meta-GGA DFT functionals (Y 3-5) 
! Develop experimentally validated models of organic magnets and ferroelectrics (Y 3-5) 

Focus 3: 
! Address the bottlenecks and numerical instabilities in the parquet equations by employing better 

parallel linear systems solvers and develop multiband parquet codes (Y 1-5) 
! Incorporate Ramanujam’s advanced tensor rotation and contraction methods (Tensor Contraction 

Engine) into parquet codes (Y 1-2) 
! Use hybrid QMC to address the origin of the QCP and competing order in cuprate models (Y 1-2) 
! Study overscreening in pnictide models using new Hyper-GGA functionals (Y 1-3) 
! Use methods that combine LDA models obtained from downfolding and DCA/MSMB to study cor-

relation and phonon effects in the pnictides (Y 1-5) 

SD 2: Energy Materials 

Focus 1: 
! Conduct simulation of pore filling in electrochemical capacitors based on nanowire forests (Y 1-2) 
! Incorporate chemical processes in electrochemical simulations to study chemical damage at ele-

vated electric potentials (Y 1-3) 
! Verify computationally the behavior of quantum capacitance in electrochemical capacitance (Y 2-4) 
! Explore additional nanoforest-based capacitor systems (Y 3-5) 
! Optimize computational efficiency of ab initio MD techniques (Y 1-2) 
! Predict catalytic sites in nanotubes (Y 2-5) 
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! Design, build, and test fuel cells and use results to guide new calculations (Y 3-5) 
Focus 2: 

! Extend the AVUS-HR, Gibbs, expanded ensemble methods to hydrogen in solids and locate spi-
nodal points; calculate free energies of H2 uptake in LiHx (Y 1) and other storage materials (Y 2-5) 

! Use existing force fields (like ReaxFF) to calculate H2 uptake in bulk alloys (Y 1-2); develop new 
force fields for new and existing alloys (Y 2-5) 

! Develop finite element model to track 3D microstructure evolution and finite difference models for 
ionic diffusion rates using distances and times provided by experiments (Y 2-4) 

! Perform X-ray nanotomography imaging of H2 uptake in bulk alloys using Argonne’s Advanced 
Photon Source (APS) (Y 1-2), and neutron tomography at NIST (Y 3-5) 

Focus 3:  
! Develop force fields with environment-dependent charges for one metal oxide system (Y 1) 
! Perform computational modeling of water gas shift and Fischer-Tropsch reactions (Y 1-3) 
! Perform computational modeling of PCDD/PCDF production on metal oxide clusters (Y 2-3) 
! Develop new force fields and study of additional catalytic processes (Y 3-5) 
! Validate force field calculations with experimental measurements and DFT calculations (Y 3-5) 

SD 3: Biomolecular Materials 

Focus 1: 
! Synthesize modular library of core molecules and amphiphilic side chains to explore encapsula-

tion based on architecture and chemistry (Y 1-3) 
! Develop new inter-atomic interaction potentials and new coarse-grained force fields for systems 

containing both biological and nonbiological molecules (Y 1-2) 
! Develop new hybrid MD/continuum and coarse-grained and accelerated simulation strategies to 

link length and time scales in biological systems (Y 1-3) 
! Use multiscale methods to explore the role of architecture and solvent to optimize supramolecular 

vehicles for controlled capture and release (Y 3-5) 
Focus 2: 

! Synthesize, characterize, and assess new transmembrane drug delivery systems (Y 1-3) 
! Experimentally utilize, validate, and ultimately improve the newly developed computational mod-

els for drug carriers, self-assembling, and translocation through bio-membranes (Y 3-5) 
! Use MD and CG methods to study the mechanisms of cellular absorption of drugs (Y 2-5)  
! Model new polymer architectures for new carriers, followed by synthesis in the laboratory (Y 4-5) 

4.4 Diversity Plan  
Women make up 19% of the senior personnel of the Alliance. The racial/ethnic makeup of the Alliance 
includes 6% African American, 6% Hispanic, and 17% Asian American. Over 21% of the graduate stu-
dents and 14% of the postdoctoral fellows are women. Underrepresented minorities (URM) of both 
genders make up 10% of the graduate students and 11% of the postdocs. We propose to dramatically in-
crease the number of URM and women in the Alliance at all levels through the following strategies with the 
goal of doubling each statistic in five years. 
Strategy 1. Establish a Diversity Advisory Council. We will create a Diversity Advisory Council (DAC) to 
advise the Alliance on strategies to achieve gender and racial parity and create an environment in which 
women and URM thrive and realize their full potential. The council includes national leaders such as UC 
Berkeley’s William Lester (Chair), Betsy Willis of SMU’s Gender Parity Initiative,116 and Sheila Lange, 
Vice Provost for Diversity at the University of Washington (see letters of commitment). Initially the DAC 
will have six out-of-state and three in-state members, of which 66% are women, and 55% are African 
Americans, from some of the best universities in the country. We will also seek the assistance of the DAC 
members to identify and recruit faculty role models for women and URM at Alliance institutions, and solicit 
their advice on effective strategies for recruiting URM and women students. There will be some overlap in 
membership between the DAC and the External Review Board (See Sec. 4.10) to ensure follow-through 
on their recommendations. Milestones: DAC established in Y1; annual DAC meetings.  
Strategy 2. Provide financial incentives for pursuing advanced education. LA-SiGMA will supplement re-
search assistantships at Alliance institutions with $3,750 to entering women and URM students on a 
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competitive basis, and an additional $3,750 once the students complete their PhD qualifying exams. The 
recipients will be required to return to their undergraduate institutions to recruit students, thus sustaining 
the pipeline of students into the graduate programs. These financial incentives will be coupled to aggres-
sive recruiting programs initiated under the guidance of local and national experts (see next item). 
Milestones: Reach 30% women and 15% URM graduate students within the Alliance by Y3, and 40% 
and 20% respectively by Y5.  
Strategy 3. Development of role models. A great example of what one role model can accomplish is pro-
vided by Isiah Warner, Vice-Chancellor of Strategic Initiatives and chemistry professor at LSU, who 
provided the inspiration and leadership for the Chemistry Department to increase the number of URM 
chemistry PhD students at LSU from single digits at the time of his arrival in 1992, to an average of 30 by 
2000. The American Chemical Society has recognized LSU’s Chemistry Department for awarding the 
highest number of African-American PhDs.117 We will replicate this success across the State by supple-
menting departmental start-up packages with LA-SiGMA funds for recruiting new URM and female faculty 
members with research interests in materials science, and through mentoring current URM and female 
junior faculty. Professor Jenna Carpenter, Director of the Office of Women in Science and Engineering 
being established at LA Tech through an NSF ADVANCE grant, will guide the development of support 
and mentoring networks for women faculty and students. Milestones: Reach 30% women and 8% URM 
faculty in LA-SiGMA by the start of Y3; 40% women and 12% URM faculty by Y5. 
Strategy 4. Create/expand pipelines to graduate school. To encourage URM and women to go beyond 
undergraduate studies, a 4+1 BS/MS program is being developed between Grambling and LA Tech 
(Physics/Applied Physics) and a 3+2 dual degree engineering program between Xavier and Tulane has 
been approved. This project involves three HBCUs—SU, Xavier, and Grambling—with high percentages 
of URM enrollments and, therefore, a rich talent pool available to us. Xavier ranks first nationally in 
awarding BS degrees in biology, chemistry, physics, and in the physical sciences to African American 
students. Jointly funded by NSF EPSCoR and the LA Board of Regents from 1995-2005, a unique Joint 
Faculty Appointments Program (JFAP) was established whereby faculty members were hired jointly be-
tween minority-serving and neighboring majority-white institutions, for example between Tulane/Xavier, 
LSU/Southern, and LA Tech/Grambling. Four of these JFAP appointees are part of LA SiGMA; they will 
mentor undergraduate students at the HBCUs and help ease their transition to a graduate program at the 
partner institution. The Louisiana Community and Technical College System enrolls almost 60,000 stu-
dents, with African Americans accounting for 36% (Fall 2008 data from BoR). Articulation agreements are 
being developed to allow two-year college students to transition to four-year institutions and finish their 
degrees while retaining as many credit hours as possible. Milestones: At least five students recruited 
through these pipelines by end of Y2, and 15 by Y5. 

4.5 Workforce Development Plan 

The Louisiana Workforce Commission reports that in 2007 the State’s workforce numbered 1.95 
million,118 with 31% comprised of URMs. This is encouraging in a state in which URMs make up 33% of 
the population. However STEM disciplines account for less than 4% of the total workforce and, within this 
group, URMs make up only 16%. LA-SiGMA will address all levels of the educational ladder, including 
two-year colleges, through a range of training and educational activities, contributing to a well-trained and 
diverse professional workforce that can support advanced materials research and industries as well as 
education. Louisiana’s two-year college system is relatively young (established in 1999) and has limited 
relationships with the four-year institutions. The Alliance will make transformative changes to engage this 
sector in our workforce development plan by leveraging the few existing links and greatly expanding 
them. Jeff Lynn, the Executive Director of Louisiana FastStart (a workforce solutions provider that works 
with businesses) will direct efforts to match industry needs with materials science education and training 
efforts. The LSU LA-SiGMA staff member, requested in the budget, will coordinate these activities, work-
ing with staff at each of the institutions (see letters of commitment). 

Strategy 1. Middle and high school students will be exposed to computational and experimental mate-
rials science projects through campus open house events held once per year at all participating 
institutions. High school students, nominated by their teachers, will be selected to participate in weeklong 
summer research workshops to be held in New Orleans (jointly by Tulane, UNO, and Xavier), Baton 
Rouge (jointly by LSU and SU), and Ruston (jointly by LA Tech and Grambling). These workshops will be 
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held in parallel with the research experiences for teachers (RET) discussed in Strategy 2. Milestones: 
100 open house attendees in Y1, increasing in Y2 and beyond; 40 students in summer workshops in Y1, 
increasing in Y2 and beyond. 

Strategy 2. Grades 6-12 and two-year college teachers will be offered summer RET programs held 
annually in New Orleans, Baton Rouge, and Ruston, as in Strategy 1. The RET program will focus on dis-
covery-based modules designed for classroom use. Additional workshops will address specific 
techniques for including content in discovery-based courses. In the first year, a pilot program at Baton 
Rouge Community College (BRCC) will develop computational materials science modules for use in 
BRCC’s developing engineering program (see letter of commitment). In subsequent years, this program 
will be expanded to other disciplines and two-year colleges. Milestones: 20 RET participants (as bud-
geted) each year; use of modules in classroom (tracked through follow-up visits to classrooms); 
expansion of pilot program in Y2 and beyond. 

Strategy 3. Multiple programs will serve two-year college students. Modeling the collaboration between 
Chemical and Biomolecular Engineering at Tulane and the Process Technology program at Nunez Com-
munity College, we will develop short courses to train two-year and technical college students to use 
sophisticated materials research instrumentation, such as NMR, XRD, SEM, and AFM. In the first year of 
the grant, LA Tech will offer a pilot course in materials characterization using X-ray diffraction to regional 
community college students. In the following years, course offerings will be expanded to other instrumen-
tal techniques. The Beowulf Boot Camp for high school students and teachers, conducted annually by 
Thomas Sterling (the father of the beowulf supercomputer architecture) at LSU,119 will be expanded to in-
clude the application of HPC methods to materials science and taught to BRCC students in a pilot 
program during the first year. In subsequent years, the two pilot programs will be expanded to the other 
participating institutions. Students who become interested in furthering their education as a result of these 
initiatives will be recruited into undergraduate programs in four-year institutions. Milestones: Initiation of 
short-course pilot programs in Y1 and expansion in Y2 and beyond; five two-year college participants 
each year in Beowulf Boot Camp; expansion of 2+2 programs to other LA-SiGMA institutions by Y3. 

Strategy 4. Undergraduates at four- and two-year institutions will participate in summer research expe-
riences for undergraduates (REU) programs focused on computational and experimental materials 
science at all LA-SiGMA institutions. Students will be supervised by a computational researcher and co-
advised by an experimentalist and attend weekly lectures with topics such as project planning, literature 
review, scientific writing, research presentation, and ethical conduct. Also, training in HPC and Cyber-
Tools will be scheduled regularly. Studies show that early involvement of undergraduate students in 
research increases their retention rates.120 Milestones: 30 REU participants (as budgeted) each year; 
50% of participants will pursue higher education. 

Strategy 5. Graduate students will join a transformative educational experience in materials science. A 
core set of graduate level courses (three in the first year, six more in subsequent years) in computational 
science, multiscale modeling methods, advanced experimental techniques, and other topics will be de-
veloped and broadcast throughout the State using synchronous HD video. The letters of commitment 
demonstrate the dedication of each participating institution to this educational effort. These courses will 
be integrated into existing and new graduate curricula on each campus. LA-SiGMA will also cover the 
costs for graduate students to attend the “Supercomputing Education Program,”121 which is part of Okla-
homa’s EPSCoR RII program. Milestones: Enrollments in new courses (at least 40 statewide); 
incorporation into graduate curricula on two campuses by Y2, others by Y3. 

Strategy 6. Postdocs1

                                                        
1  A comprehensive postdoctoral mentoring program is provided in Supplementary Documents, as required. 

 and graduate students will also participate in a unique program that trains post-
docs in the use of best practice teaching methods based on Michigan State’s Faculty Institutes for 
Reforming Science Teaching (FIRST) project.122 Undergraduates, graduate students, and postdocs will 
take part in national labs and industrial internships (see letters of commitment) at Los Alamos, Sandia, 
and Pacific Northwest National Labs, and at Renewable Fuels, Carbon Capture Energy Technologies, 
and Radiance Technologies. Milestones: Participation in effective teaching workshops; five internships 
and extended visits each year. 
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4.6. Cyberinfrastructure Plan 
Strategy 1. Leverage LONI facilities. LONI, envisioned by Ed Seidel (the first chief scientist of LONI, now 
Director of NSF’s Office of Cyberinfrastructure), provides a world-class CI to Louisiana. The LONI Man-
agement Council (MC) reports to the BoR and consists of 15 representatives of public and private 
universities, two-year and technical colleges, Division of Administration (State CIO), and Louisiana Dept. 
of Economic Development. The MC and the Louisiana EPSCoR Committee work to ensure their activities 
are coordinated and integrated to advance the State’s CI. The MC, which played a key role in securing 
ongoing funding from the State for CI improvements, supports major CI funding initiatives pursued by 
LONI member institutions. The MC allocates some of LONI’s HPC resources to specific research projects. 
As noted in the attached letter, the MC commitment of at least 10% of LONI’s resources, which is equiva-
lent to 4.5M service units, is evidence of their strong support for the proposed project. 

LONI’s 40-Gbps network connects the IT and materials science centers of excellence at Louisiana’s re-
search universities, providing the linkages that are essential for effective collaborative research in 
computational materials. LONI’s 85 TFLOPS of HPC are distributed across the State to support broader 
ownership and utilization of these resources. The synchronous HD video facilities in most of Louisiana’s 
major research centers will foster regular and seamless communications between the research teams. 
LONI’s Phase 2 network deployment extended connectivity to almost all four-year institutions, as well as 
two-year and technical colleges, to enable broad outreach to and engagement of all of Louisiana’s higher 
education community. Louisiana’s CI plans also include targeted investments across the State in the hir-
ing and training of researchers in computational sciences—researchers who understand the evolution of 
advanced computing tools and the science challenges that stretch the limits of existing analytical and ex-
perimental resources. These computational scientists have significantly improved LONI’s hardware and 
software tools; these tools will be important in advancing the materials science challenges of this project.  
Milestones: At least 60% of the 4.5M SU's assigned to SD teams by 2nd quarter, 100% assigned by end 
of Y1. 

Strategy 2. Build upon the CCT and Cybertools RII. Another significant resource available to the Alliance 
is the CCT, LSU’s Center for Computation and Technology, which played an integral role in the develop-
ment of LONI’s CI and is a major resource for the proposed project. CCT scientists will adapt many of the 
“CyberTools” developed through the current RII project to the needs of the Alliance. For example, Peta-
share, a statewide mountable rapid access file system with archival capabilities, will be used to share and 
archive scientific data using common data formats for Monte Carlo (Towhee), MD (LAMMPS, CHARMM, 
AMBER, GROMACS, NAMD, which have compatible file formats or converters), and for the archival of 
DFT output (VASP, Guassian03, NWChem, GAMES). Petashare allows researchers to produce data at 
one site and analyze it at another. CyberTools also provides a common visualization environment utilizing 
a common data format via the Petashare system.  

The CTCI group will work with the CI Development (CyD) group at CCT, participating campus HPC divi-
sions, and the LONI Management Council to meet the research requirements of the project. LA-SiGMA 
will play a major role in guiding the utilization and future evolution of the computational environment pro-
vided by LONI, and will also work with LONI and CyD to ensure that each site has compatible 
synchronous HD video access. High definition communication and collaboration equipment are essential 
for teaching; i.e., so students can clearly see the white board and interact effectively with participants at 
the remote site.  Milestones:  All LA-SiGMA sites with HD video access by Y2. Twenty-five percent of SD 
researchers using Cybertools by Y5. 

Strategy 3. Migrate to National Leadership Class Computing. The CTCI team is also positioning Louisi-
ana to leverage future CI development. The advent of hyperparallel, multicore, heterogeneous, and low 
power architectures presents both a tremendous opportunity for new scientific discovery and the chal-
lenge of training Louisiana researchers to effectively use these machines. To advance training in these 
areas, members of different scientific focus areas will share students with computer scientists specializing 
in HPC, including Ramanujam, Leangsuksun, and Sterling. To help train these students, we will purchase 
nodes of multicore, low power, and heterogeneous systems so the students can learn to program before 
such machines become available on the TeraGrid. These machines will also be used to teach courses of-
fered statewide via synchronous HD video. The CTCI team will work with the computational teams to help 
more experienced researchers expand their programs beyond LONI to national-leadership class re-
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sources such as TeraGrid Kraken, and to utilize the next generation of computer architectures (BlueWa-
ters). Milestones: More than three codes ported to national leadership class machines by Y3. 

Strategy 4. Expand impact of LA-SiGMA. To increase the impact of the computational formalisms, algo-
rithms, and codes we develop, we will publish their details in journals such as Computer Physics 
Communications. We will release the associated software under a modified open source license#

4.7 External Engagement Plan 

 in 
which each user is required to cite these publications. A modular software engineering approach will be 
used in development of the project software. Use of a component standard such as the Common Com-
ponent Architecture (CCA)123 will be evaluated for appropriateness for the code developed in this project. 
The web interface will leverage existing grid-portal development frameworks and standards to ensure in-
teroperability with other web services.124 All software will be managed and maintained using a version 
control system. Components will undergo unit testing for both correctness and performance, and a defect 
and feature tracking system will be used for managing error reporting and maintenance of all released 
software. Milestones: Four codes, with full documentation, publicly available by Y3. 

We have designed a multi-institutional external engagement program that will provide a well-prepared 
and competent workforce and educate and engage the public. Through the use of face-to-face meetings 
and CI tools such as synchronous HD video, our program will provide for efficient collection and dissemi-
nation of information between participants, the K-12 community, two-year colleges, and the general 
public. 

Strategy 1. Leverage multiple avenues to engage the general public. The Alliance will communicate 
scientific advances and discoveries to the general public by (1) providing guests to Louisiana Public 
Broadcasting (LPB) and other television programs; (2) public lectures delivered by Alliance members in 
computational thinking, parallel computing, and computational materials science; (3) leveraging NSF’s 
other investments, such as education kiosks at the Exploratorium of the Laser Interferometer Gravitation-
al Observatory (LIGO) located in Livingston Parish; and (4) lectures on the promises and challenges of 
multiscale materials modeling offered to local and regional industry, facilitated by an Industrial Liaison 
Team (ILT). Success criteria: At least one LPB appearance per year by a LA-SiGMA member; at least one 
public lecture delivered each quarter; at least one lecture delivered to industrial audiences each quarter. 

Strategy 2. Create a web portal for distribution of project deliverables. The Alliance will create a web por-
tal to provide (1) archived videos of public lectures, (2) seminars delivered by invited seminar speakers, 
(3) course material developed by Alliance members, and (4) classroom lectures for the new courses de-
veloped for statewide delivery. Success criteria: Web portal created in Y1; traffic increases 20% 
annually. 

Strategy 3. Create a repository and version control system for code development and distribution. The 
computational tools created by the Alliance will be archived using an integrated SVN, wiki, and Bugzilla 
(or other bug tracking software) system in addition to annual code releases with accompanying documen-
tation. The Common Component Architecture (CCA) mentioned in Sec. 4.6 will also be used to ensure 
interoperability of code modules. Success criteria: SVN created in Y1; maintained and upgraded in Y2-
5; 100 code downloads per year starting Y3. 

Strategy 4. Leverage cyberinfrastructure to facilitate communication. The jurisdiction has invested in 
IOCOM distributed collaboration systems at all participating campuses, consisting of integrated video 
conferencing systems that are compatible with the existing Access Grid network. The proposed budget 
includes funds for HD Polycom stations to supplement existing infrastructure to facilitate extensive com-
munication both within the Alliance as well as international partners. Success criteria: Polycom HD 
stations purchased and installed at participating institutions in Y1. 

Strategy 5. Use Newsletter/Brochures/Highlights to publicize Alliance activities. The LA EPSCoR monthly 
newsletter highlights the role played by LA EPSCoR in promoting the development of the State's science 
and technology resources through partnerships involving its universities, industry, and government. The 

                                                        
# Our license will allow full and open use, modification, and extension of our software products, such as described at: 
http://opensource.org/licenses/ with the minimal restrictions to protect the jurisdiction’s ownership rights,  

http://opensource.org/licenses/
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newsletter is distributed by mail to 400 individuals, including State legislators, and electronically to more 
than 720 email addresses, which includes federal funding agencies. Success criteria: At least two LA-
SiGMA highlights featured in EPSCoR newsletter each year; at least one story picked up by region-
al/national press. 

Strategy 6. Create formal mechanisms for engagement with NSF. An annual meeting with representative 
program officers from NSF and other federal funding agencies will provide a forum for faculty from all par-
ticipating institutions to learn about institution-appropriate funding opportunities. Michael Khonsari, the 
State EPSCoR Project Director, will coordinate communication with the NSF EPSCoR office. Synchron-
ous HD video conferencing is available at the EPSCoR office to interact with NSF. Success criteria: 
Regular interactions with NSF; at least three research highlights reported to NSF annually. 

Strategy 7. Establish new national and international collaborations. The Alliance will leverage partner-
ships with national labs (see Sec. 4.5) to promote national collaborations to benefit students and faculty. 
We will also leverage our extensive collaborations with international partners (Moreno’s PIRE program 
between LSU and seven partners throughout Germany and Switzerland, the collaboration between the 
Italian National Nanotechnology Labs and LA Tech “Progetto Bilaterale Italia-USA,” etc.) to provide edu-
cational experiences for our students and faculty. The code distribution (Strategy 3) will also help develop 
new partnerships across the world. Milestones: At least one LA-SiGMA faculty and at least one student 
will visit and work in an international lab for one or more weeks each year. 

Strategy 8. Create mechanisms for internal communications. The Alliance will host biannual all-hands 
“face-to-face” meetings to share information and data. These meetings will provide a mechanism for inte-
raction with the Diversity Advisory Committee (DAC), Industrial Liaison Team (ILT), and External Review 
Board (ERB) as well. Milestones: Full participation in biannual meetings. 

To support these activities, a full-time external engagement and workforce development coordinator and 
a support-staff member will be hired at LSU. A staff person who will support external engagement activi-
ties as well as evaluation and assessment (see Sec. 4.8) will also be hired at LA Tech. 

An additional external engagement avenue that will be utilized by the Alliance is the “Speaking of Science 
Speakers Bureau” (SoS) administered by the State EPSCoR Office. The LA EPSCoR SoS program for K-
16 provides students in public and private schools exposure to the best researchers in the State. Its pur-
pose is to increase public awareness of exciting R&D in Louisiana, spark the interest of students in S&E 
professions, and showcase the excellence of Louisiana’s leading S&E faculty and professionals. Speak-
ers are available free of charge to students, educators, and general audiences throughout Louisiana on a 
wide variety of topics. The Alliance will regularly provide speakers to participate in this program and thus 
inform the K-16 community of the research and education activities being conducted by Alliance mem-
bers. Success criteria: At least two LA-SiGMA speakers per year. 

4.8 Evaluation and Assessment Plan 
A comprehensive Evaluation and Assessment (E&A) plan will be created based on (1) the research mi-
lestones provided in Sec. 4.3.5; (2) the milestones and success criteria for each strategy discussed in 
Secs. 4.4, 4.5, 4.7, and 4.9.2; and (3) global metrics designed to measure the impact of the project on the 
jurisdiction’s S&T enterprise. The Evaluation & Assessment Team (see 4.10) will execute this plan by 
providing raw data as well as summary evaluations to the External Review Board (ERB), which will guide 
and advise the Alliance. The execution of the plan will be based on (1) data collection, (2) data analysis, 
and (3) closing the loop by using the data to make course corrections and improvements. 

1. Data collection: A web-based data collection system will be implemented to simplify the frequent data 
collection required for effective assessment of project activities. The PIs of each Science Driver (SD) 
team will provide the following metrics semiannually: (1) sharing of students, (2) sharing of postdocs, (3) 
participation in weekly seminars, (4) participation in summer programs and external engagement activi-
ties, (5) efforts in meeting the diversity goals set by the Alliance, (6) contribution to workforce training 
activities, (7) placement of students in industrial and national lab internships, (8) interdisciplinary and inte-
rinstitutional publications and presentations, (9) interinstitutional proposals, and (10) leveraging of RII 
funds by other funding sources. Each SD team will be expected to contribute to all aspects of the project, 
not just the scientific research. Data documenting implementation, impact, and effectiveness of all pro-
gram components will be collected through a variety of mechanisms. 
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2. Data analysis: The raw data will be converted to a weighted score for each SD project as well as for 
the Alliance as a whole. The relative weights and the scoring system will be designed in consultation with 
the external evaluator and statisticians to ensure that the scores are reliable success indicators. 

3. Closing the loop: Feedback on their relative standing with respect to the stated goals and milestones 
established by the Alliance will be provided to every SD project. The External Review Board, which will 
receive the raw data as well as the analysis, will confer with the Project Execution Team annually and 
provide recommendations. Course corrections will be made if specific project teams or a specific focus 
area appear to be falling behind. Examples of such corrections could include reassessment of project 
leadership or resources committed to the project. Standard methods will be used to analyze implementa-
tion, impact, and effectiveness data, and used in a similar manner. 

A staff member will coordinate the internal data collection and analysis so that the E&A committee (see 
4.10) can provide timely feedback to project teams and recommend course correction if necessary. An 
external evaluator who has many years of experience with E&A of complex projects will be hired by the 
Alliance. The evaluator will help develop instruments for formative assessment, and will be involved in all 
aspects of assessment for the duration of the project. The ERB (see Sec. 4.10) will use all assessment 
data and conduct a thorough annual review of the entire project. The conclusions drawn will be used by 
the ERB to make recommendations to the Project Director and the PET for possible adjustments and al-
terations as needed to achieve the project objectives. Some of the global metrics used to assess the 
impact of the project on the jurisdiction’s S&T enterprise are tabulated below.   

RII Project Goal Summative Metric Success  
Criteria 

Increase State’s competitiveness 
for securing a federally funded 
national center of excellence in 
Materials Science through colla-
borative research 

1. Success rate for federal proposals submitted 
2. Major collaborative grants with interdisciplinary 

and interinstitutional researchers during RII 
3. Accepted pre-proposals for centers during RII 
4. Site visits for federally funded centers during RII 

1. US average 
2. 10 

 
3. 4 
4. 2 

By the end of the RII project, Louisiana will succeed in establishing a federally funded center of 
excellence such as a MRSEC, NSEC, or STC. 
Increase focus of graduate edu-
cation and training in the State 
on areas related to Materials 
Science 

1. Statewide IGERT in Materials Science 
2. NSF Graduate Fellowships secured by students 

working on Materials Science projects statewide 

1. !"# 
2. !"$% 

The RII project and related activities will establish a national model for collaborative graduate 
education and training in the area of Materials Science. 
Leverage CI and train workforce 
on the use of next generation 
high-performance computing en-
vironments 

1. Research groups using toolkits and infrastructure 
developed by the “CyberTools” RII project 

2. Codes ported to 21st-century computing environ-
ments  

1. 25% 
 
2. > 2 by Y3 

The RII will develop new paradigms for effective collaboration between computer scientists and 
computational scientists while training young scientists to make effective use of the next genera-
tion of cyberinfrastructure for computation, data analysis, visualization, and communication. 
Strengthen relationships be-
tween State’s universities and 
national labs and industries 

1.  Number of papers/conference proceedings re-
sulting from graduate internships in industry or 
national laboratories each year 

2. Industrial grants to support research in materials 
science to participating institutions during RII  

1. > 5 
 
 
2. !#% 
 

The RII will build the foundations for sustainable economic development in the State through mu-
tually beneficial collaboration between academia and industry. 
Develop a highly trained work-
force that sets national 
benchmarks in diversity. 

1. 6-year graduation rate of women and minority 
graduate students participating in the project 

2. REU students from two-year colleges entering 
degree programs at four-year institutions 

3. Percentage of two-year college teachers in RET 
programs. 

1. 100% 
 
2. 25% 
 
3. 15% 
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4.9 Sustainability Plan 

The proposal creates a set of “pillars of sustainability” that will allow the combined efforts of this proposal 
to continue beyond the life of the grant. These pillars include seed funding, human resource development, 
and post-RII extramural funding, a description of which follows. 

4.9.1 Seed Funding and Emerging Areas. Seed funding is essential to sustain the next generation of 
Louisiana faculty and promote research innovation. The LA EPSCoR office will administer several seed 
funding programs promoting all areas of inquiry, thus greatly enhancing the impact of this project. These 
grants will be competitively awarded through a peer-review process utilizing experts external to Louisiana, 
using the pledged cost-commitment.  

Pilot Funding for New Initiatives (Pfund) program: provides seed-grant research funding for the State’s 
tenure-track science and engineering junior faculty members seeking to demonstrate innovative or novel 
concepts that could result in attracting federal funds. The review criteria are: (1) Does the proposed re-
search project appear to be technically and scientifically sound? (2) Do the proposed research and 
supporting materials provide convincing evidence of the potential to attract federal funding, i.e., through 
future proposal submissions to federal agencies? (3) What is the likelihood that the proposed research 
will be fundable by NSF?  

Planning Grants for Major Initiatives program: provides assistance to teams preparing multidisciplinary 
research and/or education proposals to large scale (at least $1M) federal initiatives in emerging areas. 
Review criteria for this program include (1) a viable, multidisciplinary team of investigators; (2) a clearly 
defined scientific and technical focus; (3) a core theme with strong federal funding potential; (4) a well 
conceived plan for developing a major initiative proposal; and (5) adequate institutional resources and 
support.   

Links with Industry and National Labs (LINK) program: this initiative helps develop a diverse, internation-
ally competitive and engaged workforce of scientists and engineers by providing opportunities for 
Louisiana faculty, postdoctoral researchers, and graduate and undergraduate students to visit and con-
duct research at national laboratories, research centers, or industrial facilities (see letters of commitment). 
These interactions are often a precursor to obtaining follow-up project funding. Review criteria are: (1) 
soundness of the proposed research; (2) potential benefit to the applicant’s research and education pro-
gram; (3) potential for increased research productivity, e.g., attracting federal funds, production of 
publications, etc.; and (4) appropriateness of linkage between applicant and partnering facility and institu-
tional or other support. 

SBIR/STTR Phase Zero Grants: this successful program supports the development of projects with eco-
nomic potential by offering “Phase Zero” awards that assist small businesses in preparing for and 
successfully competing for SBIR/STTR Phase I proposals. Encouraging high-tech small business devel-
opment is particularly important considering the post-Katrina environment in New Orleans and the region.  

Industrial Partnerships for Emerging Opportunities: a new program that will allow university researchers 
and industry partners to pursue R&D endeavors that have potential for further long-term investigation and 
funding from other sources. These partnerships could involve projects to solve problems of immediate in-
terest to industry, or projects that could lead to new inventions, intellectual property, and spin-off 
companies. 

Travel Grants for Emerging Faculty (TGEF): this program aims to assist emerging faculty (tenure-track 
but untenured) in the S&T disciplines by providing travel funds needed to further their research and build 
strong collaborations. TGEF provides funds to untenured faculty to visit a federal funding agency program 
officer and discuss their research proposals, and to present invited talks at national or international meet-
ings.  

Louisiana Faculty Expertise Database and Funding Opportunities Search/Alert System (FED): is a tool 
faculty can use to identify sources of extramural funding.  FED utilizes InfoEd’s SPINPlus funding oppor-
tunities database to advertise the expertise of State researchers and facilitates collaborations with 
universities and industry. It also matches faculty profiles against the latest funding opportunities and alerts 
faculty by email with detailed descriptions of programs. Over 3,200 Louisiana faculty have subscribed to 
this service. 
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4.9.2 Education and Human Resources Development. Human infrastructure is the central component 
of LA-SiGMA. The educational programs and research collaborations described in Secs. 4.4, 4.5, and 4.7 
are by design intended to create a sustainable human infrastructure. The rationale for the education and 
HRD activities listed below is the recognition that building and sustaining intellectual infrastructure is the 
most effective way for the State to progress economically and to raise the standard of living of its citizens. 

Faculty recruitment. Additional faculty will be recruited to expand and buttress the efforts of LA-SiGMA. 
Tulane is recruiting an endowed chair in materials science for its newly created Division of Physical and 
Materials Science. The College of Basic Sciences at LSU will hire an expert in molecular dynamics (MD) 
(see attached letter of commitment) who will drive the development of the next generation of MD algo-
rithms. LA Tech’s College of Engineering & Science will give highest priority to faculty candidates who will 
strengthen LA-SiGMA in its future hiring plans. These hires will be coordinated so that the diversity miles-
tones described in Sec. 4.4, Strategy 3 are met. Milestones: Reach 30% women and 8% URM faculty in 
LA-SiGMA by the start of Y3; 40% women and 12% URM faculty by Y5. 

Distributed Research Experiences for Students. Modeled on a similar initiative sponsored by the Comput-
er Research Association’s Committee on the Status of Women in Computing Research, the LA EPSCoR 
office will establish a statewide network to match promising undergraduates (with a priority on women and 
underrepresented groups) with faculty mentors for summer research experiences at the faculty member’s 
home institution. Student/faculty pairs selected by a review panel will receive funding to facilitate the un-
dergraduate research experience. Milestones: Provide 50 student research experiences per year. 

Workforce Training. The training activities outlined in Sec. 4.5 and external engagement of the general 
public (Sec. 4.7) will be sustained by incorporating the successful elements into future grant proposals 
prepared by Alliance members. In addition, LA-SiGMA will compete for various federal training grants 
such as IGERT, VIGRE and GK-12 as well as the graduate fellowships funded by the BoR to sustain 
these activities. Involvement in K-12 education/training activities is a requirement for BoR graduate fel-
lows. Milestones: LA-SiGMA IGERT in Y2 and other training grants pursued in Y3-5.    

Statewide EPSCoR Workshops and Conferences. LA EPSCoR will sponsor statewide and regional confe-
rences, including grant-writing workshops featuring nationally recognized experts who can assist faculty 
in identifying grant opportunities and planning and writing proposals. LA EPSCoR will also sponsor meri-
torious conferences with research themes that complement our core research initiatives. The State 
EPSCoR Committee is fully engaged in the planning of major state/regional conferences. During the 
project period, one of the biannual “all-hands” meetings of LA-SiGMA will evolve into an annual confe-
rence with national and international participation and sustained by the participating institutions. 
Milestones: One statewide conference annually; up to four grant-writing workshops annually; and up to 
three theme-specific (such as entrepreneurship and innovation, diversity, and emerging science topics) 
workshops/conferences per year. 

4.9.3 Post RII Extramural Funding. The proposal creates a set of “pillars of sustainability” that will allow 
the combined efforts of this proposal to continue beyond the life of the grant.  

Centers. A short-term goal of this proposal is building groups with expertise in a number of thematic re-
search areas that can serve as the basis for continued collaborative group proposals ultimately resulting 
in a research center. Initial efforts will focus on joint proposals and smaller group proposals like the 
IGERT program. Success here will build towards larger centers (MRSEC, ERC, NSEC, STC, etc.) by the 
end of the EPSCoR-RII grant period. 

Collaborations. Emphasis of research projects funded by the EPSCoR-RII will be towards building new 
interdisciplinary and interinstitutional collaborations. The goal is to build a successful network of collabo-
rations that can pursue larger group and center proposals to sustain funding. The renewal application for 
the NSF-funded PIRE program at LSU (PI: Moreno) will propose to expand the program to other LA-
SiGMA institutions. In addition, LA-SiGMA researchers will sustain international collaborations through 
the “Materials World Networks” program of NSF and other opportunities. 

4.10 Management Plan 
Since its establishment in 1987, LA EPSCoR has existed as a fully integrated entity within the LA Board 
of Regents (BoR), the coordinating authority for higher education in Louisiana. Michael Khonsari, EPS-
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CoR Project Director (PD) and 
BoR Associate Commissioner 
for Sponsored Programs Re-
search and Development, is 
responsible for the overall 
management of this RII project. 
He implements and executes 
the directives of the 21-
member statewide EPSCoR 
Committee and serves as liai-
son between NSF, the 
EPSCoR Executive Commit-
tee, and the Project Execution 
Team. The EPSCoR Commit-
tee meets formally a minimum 
of twice yearly, while its 
elected Executive Committee 
meets much more frequently. A 
full-time, highly experienced 
professional staff assists the 
PD and the EPSCoR Commit-
tee with fiscal and contract 
management, database administration, external engagement, statewide outreach coordination, and re-
porting and communications activities. This organization has successfully managed all past EPSCoR 
awards including the current RII cooperative agreement. 

The management structure (Figure 7), which features several interconnected teams described below, is 
designed to effectively implement and assess the project goals, promote project-wide participation in lea-
dership, and ensure effective communications among universities. 

The Project Execution Team (PET) will oversee the day-to-day activities of the project and provide di-
rection and guidance to project participants in each of the science driver and computational teams. The 
eight-member PET, which is comprised of the science leads from each participating institution, includes 
two females and two African Americans. The PET members are all experienced scientists with the requi-
site management skills to lead large multidisciplinary projects. They will play vital roles in ensuring 
effective communications between and within institutions. The co-leads will assume leadership responsi-
bilities to ensure a smooth succession of leadership, should it become necessary. The PD will meet with 
the PET every other month, at a minimum. Each member will be responsible for defined tasks as follows: 

! Science & Cyberinfrastructure (lead: Mark Jarrell, LSU; co-lead: Lawrence Pratt, Tulane) will focus 
on evaluating and monitoring multi-institutional collaborative research projects such as those de-
scribed in Sec. 4.3 and the statewide cyberinfrastructure plan described in Sec. 4.6. The science 
coordinator will assist this committee to coordinate statewide activities. 

! External Engagement & Workforce Development (lead: Randall Hall, LSU; co-lead: Tabbetha Dob-
bins, LA Tech/Grambling), will oversee the proposed external engagement, diversity, and workforce 
development activities as outlined in Secs. 4.4, 4.5, and 4.7. 

! Evaluation & Assessment (lead: Bala Ramachandran, LA Tech; co-lead: Cheryl Stevens, Xavier) 
supported by one full-time staff and an internal evaluator, will assess all activities of the other two 
committees, as described in Sec. 4.8, and will also be responsible for providing assessment data to 
the External Review Board. 

! The Diversity Advisory Council (DAC) (see Sec. 4.4) will be coordinated by Diola Bagayoko, SU 
and Randall Hall, LSU. Council members include nationally known experts in materials science as 
well as individuals with national reputations for promoting ethnic and gender diversity in STEM discip-
lines. The DAC will interact regularly with the PET by video conference and other means to assess 
progress towards achieving project diversity goals and to provide guidance and feedback on mechan-

 
Fig. 7. LA-SiGMA Management Structure 
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isms to improve success. DAC members will also attend at least one of the biannual meetings to inte-
ract with the External Review Board as well as faculty, postdocs, and students in the Alliance. 

! An Industrial Liaison Team (ILT) will be coordinated by Scott Whittenburg, UNO and Bala Rama-
chandran, LA Tech. The ILT will be composed of the intellectual property/industrial liaison officers 
from LSU, LA Tech, and Tulane. Jeff Lynn of the Louisiana Economic Development agency’s 
FastStartTM program and Roy Keller of the LA Business and Technology Center will assist the PET in 
maximizing the economic impact from the project (see letters of commitment for ILT member partici-
pation). The ILT will identify industry and government partners who can participate in the research 
projects and capitalize upon the tools and other research outcomes. The ILT will meet regularly and 
organize at least one workshop annually that brings together the research teams and industry part-
ners to explore collaborative projects. 

An External Review Board (ERB) composed of nationally known experts in the research topics, diversi-
ty, workforce development, external engagement, and assessment, as well as an external evaluator, will 
conduct comprehensive reviews of program activities, including annual site visits. The ERB will review 
evaluation and assessment data provided by the E&A leads (see 4.8), and provide objective guidance, 
feedback, and recommendations to the PD and PET to ensure that program goals and objectives are be-
ing met. The LA EPSCoR Executive Committee will also meet with the ERB to ensure that broader goals 
of the jurisdiction are being achieved, recommend avenues to improve and further advance the project, 
and to resolve any obstacles or conflicts that may occur.  

Biannual “all-hands” face-to-face meetings will be used for coordination and identification of new collabo-
rations. The DAC and ILT will participate in the biannual all-hands meetings. The ERB will attend at least 
one of these biannual meetings to evaluate all aspects of the project. The PET leads will be responsible 
for communicating with project teams in accordance with Sec. 4.3.4. 

In summary, by leveraging current facilities, we will build statewide interdisciplinary research collaborations 
involving computational and computer scientists, applied mathematicians, theorists, and experimentalists. 
We will build a sustainable interinstitutional computational materials science graduate program. Thus, LA-
SiGMA addresses the dominant barrier to success in Louisiana, the lack of critical intellectual mass at any 
one campus, to bring about a transformative and sustainable impact in computational materials research, 
and education, and position the State to compete for and secure the first federally funded center of excel-
lence for simulation-guided materials applications in Louisiana. 

Table A. Research Support Levels Requested from NSF 
Awardee  Year 1   Year 2   Year 3   Year 4   Year 5  Total % 

LSU - Lead 
Institution(a)  $ 950,647   $ 989362   $ 993,136   $ 887,201   $ 869,524   $ 4,689,930  23.4% 
Tulane  $ 553,174   $ 536,475   $ 549,687   $ 557,004   $ 556,575   $ 2,752,915  13.8% 
LA Tech/ 
Grambling(b)  $ 613,606   $ 598,768   $ 612,490   $ 621,775   $ 621,251   $ 3,067,890  15.4% 
UNO  $ 401,834   $ 382,684   $ 391,506   $ 396,459   $ 396,023   $ 1,968,506  9.8% 
SU  $ 386,205   $ 366,980   $ 375,262   $ 379,997   $ 379,725   $ 1,888,169  9.4% 
Xavier  $ 234,034   $ 236,666   $ 241,242   $ 243,409   $ 243,222   $ 1,198,573  6.0% 
BoR(c)  $ 860,500   $ 889,065   $ 836,617   $ 914,155   $ 933,680   $ 4,434,017  22.2% 

TOTAL  $ 4,000,000   $ 4,000,000   $ 4,000,000   $ 4,000,000   $ 4,000,000   $20,000,000  100% 
(a) Includes equipment to be purchased by LSU and installed for use by all institutions. 
(b) Includes salaries for the two Grambling participants who hold joint appointments between the two institutions 

(See Sec. 4.4; Strategy 4) and undergraduate research support at Grambling. 
(c) BOR total includes support for LA EPSCoR office, LINK, Planning Grants, workshops and conferences, 

evaluation and assessment. 
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